OMmRON

Power PMAC IDE User Manual

User Manual

0055-E-18




Copyright Information

© 2025 Delta Tau Data Systems, Inc. All rights reserved.

This document is furnished for the customers of Delta Tau Data Systems, Inc. Other uses are
unauthorized without written permission of Delta Tau Data Systems, Inc. Information contained
in this manual may be updated from time-to-time due to product improvements, etc., and may
not conform in every respect to former issues.

To report errors or inconsistencies, email:
Delta Tau Data Systems, Inc. Technical Support
Email: odt-support@omron.com

Web site: https://www.omron.com/global/en/business/industrial_automation/
Operating Conditions

All Delta Tau Data Systems, Inc. motion controller products, accessories, and amplifiers contain
static sensitive components that can be damaged by incorrect handling. When installing or
handling Delta Tau Data Systems, Inc. products, avoid contact with highly insulated materials.
Only qualified personnel should be allowed to handle this equipment.

In the case of industrial applications, we expect our products to be protected from hazardous or
conductive materials and/or environments that could cause harm to the controller by damaging
components or causing electrical shorts. When our products are used in an industrial
environment, install them into an industrial electrical cabinet or industrial PC to protect them
from excessive or corrosive moisture, abnormal ambient temperatures, and conductive
materials. If Delta Tau Data Systems, Inc. products are directly exposed to hazardous or
conductive materials and/or environments, we cannot guarantee their operation.

Security Measures

To prevent computer viruses, install antivirus software on a computer where you use this
software.

Make sure to keep the antivirus software updated.
Keep your computer's OS updated to avoid security risks caused by a vulnerability in the OS.

Always use the highest version of this software to add new features, increase operability, and
enhance security.

Manage usernames and passwords for this software carefully to protect them from unauthorized
uses.

Set up a firewall (E.g., disabling unused communication ports, limiting communication hosts,
etc.) on a network for a control system and devices to separate them from other IT networks
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Make sure to connect to the control system inside the firewall.

Use a virtual private network (VPN) for remote access to a control system and devices from this
software.

A Warning identifies hazards that could result in personal injury
or death. It precedes the discussion of interest.

Warning

A Caution identifies hazards that could result in equipment
damage. It precedes the discussion of interest.

Caution

A Note identifies information critical to the user’s understanding
or use of the equipment. It follows the discussion of interest.

Note
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Introduction

Introduction

The Power PMAC Integrated Development Environment (IDE) software is based on the
Visual Studio 2015 programming environment. It is used to develop, debug, and test Power
PMAC programs developed in Delta Tau’s proprietary Power PMAC Script language or in
the C programming language. The programs are organized as a project that includes folders
such as the Power PMAC Script Language, C Language, etc.

The programming environment supports program debugging capabilities and allows the user
to insert breakpoints and step through the program. It supports setup tools to detect,
configure, and diagnose Power PMAC hardware through its System Setup utility. The Power
PMAC IDE also supports setup of EtherCAT and MACRO devices.

This manual attempts’ to thoroughly explain how to use the IDE and how to set up the
system using the System Setup software.

However, any support is required please call Technical Support at 1(800) 556 6766 (Select 1
and then 6) or email: ODT-Support@Omron.com
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System Requirements

System Requirements

Operating System
The Power PMAC IDE is an application that runs on Microsoft Windows ™.

It will run on the following versions of Microsoft Windows.

e Windows 10
e Windows 11

The Power PMAC IDE requires .NET Framework 4.6 and above. The installation will identify the
missing framework and install it automatically.

Hardware System

1.6 GHz or faster processor

4 GB of RAM (2 GB if running on a virtual machine)

20 GB of available hard disk space

5400 RPM hard disk drive or faster

DirectX 9-capable video card (1024 x 768 or higher resolution)

The performance is directly dependent on the processor speed and RAM.
Better the processor speed and bigger the RAM better performance.

Note
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Differences between V3.x and V4.x

Differences between V3.x and V4.x

Overview changes from V3.x

1. Intuitive Start Page saves User time and enhances configuration. Future extensible by
connecting to the Delta Tau website for live updates and news.

@ PowerPMACIDE [

P R - b=

|:> ) IDE Workflow
T e e — S I
- . New Feature for the
{ * e d—— Z current release
Easy accessto "
X

2. Open system configuration to project based configuration. In IDE 4.x all the Power
PMAC configuration is in one place, Project, unlike in IDE3.x system setup, where
EtherCAT setup is a separate application.

%4 Solution ‘PPCNC_ProjectSource’ (1 project)
4 [T] PPCNC_ProjectSource

4 System
4 CPU
c';._j System
4 Hardware
ACC-24E2A[4]
b EtherCAT

Coordinate Systems
b Encoder
C Language
Configuration
Documentation
Log
PMAC Script Language

v v g 9o v

3. IDE 4.x automatically manages changes to Motor and Coordinate parameters through
the user interface (not Terminal window) and creates the systemsetup.cfg file during
build and download. In IDE3.x the user must maintain the configuration file manually.

4. Graphical/Intuitive motor Setup based on Topology (graphical view) and integrated with
the project system, whereas in IDE 3.x it's a separate non-graphical application.
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Differences between V3.x and V4.x

Coordinate system element setup integrated with Project system for usability.

Enhanced Basic Tuning: A major difference between V3.x and V4.x is the Servo loop
tuning previously accessed from Test and Set. We now have a Basic Tuning block. The
concept of the basic tuning is for new and basic Users. The tuning algorithm will achieve
the performance, so they do not need to use advanced tuning. Advanced tuning is still
available for expert users who possess some knowledge about control theory.

o o

7. Intellectual property encryption support: IP (Intellectual property) protection allows OEM
builders, independent integrators and users to protect their intellectual property by
encrypting script programs. The encryption is password protected.

The current implementation of IP protection is three level.

e Customer-A can encrypt the script programs and pass the project on to Customer-B.
This is level one.

e Customer-B can take the project from Customer-A and add their own logic and
protect it by encrypting to give it to Customer-C. This is level two. Customer-B cannot
list or view Customer-A's code.

e Customer-C can take the Project from Customer-B and add their logic and protect
their part by encrypting it to give to Customer-D. This is level three. Customer-C
cannot list or view Customer-A's or Customer-B code.

e Customer-D cannot list or view Customer-A,B or C’s code.

8. Power PMAC messages window displays errors, warnings and messages. Parameter
settings, motor setup, coordinate setup and EtherCAT setup write to this window.
Error tab shows error.

Warning tabs display warnings.
Messages tab shows the messages.
The Output tab shows all the settings that are written to Power PMAC.
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9.

Differences between V3.x and V4.x

PowerPMAC Messages
€) OErors 1 OWamings () 1Messages ™) 40utputs
i Date Location Module Description
22/2018 12:20:44 PM CPU Settings Global Clock Sys.PhaseOverServoPeriod=1
=] :20:44 PM CPU Settings  Global Clock  Sys.CPUTimerlntr =
2/2018 12:20:44 PM CPU Settings Global Clock Data Accept Successful.

PowerPMAC Messages

Integrated EtherCAT setup into the project system for easy maintainance. EC-Engineer
is integrated to project system unlike in IDE3.x, where it was a seperate application and
required manual work to add EtherCAT configuration(ENI) to the project.

Release notes V4.2

Reason: Bug fixes reported in Bugzilla, new feature addition and enhancement.

List of new feature and enhancement:

1.
2.

3.

7.

9.

10.
11.
12.
13.

Support for exporting, Importing and deleting of custom project templates.

Support for Exporting, Importing and Deleting of Custom Item Templates. Example:
Motor settings, CS settings etc.

Following folder nodes in the solution explorer will not automatically sort the files that are
added or scan but will display as they are added or detected maintaining the sequence.
e Hardware card under Hardware node

Motor under Motor node

Coordinate systems under coordinate system node

Script language files

e ECAT devices under EtherCAT node

PLC and Motion programs files can be move up or down

Improve Motor setup topology navigation adding support for Next and Prev state.
Clearly visible Alarm Indicator. Alarm provides symptom and possible remedy
information.

New wizard style Image backup and restore.

New single Position window displaying Position, Velocity and Following Error.

New designed watch window.

New standard Toolbar with commonly used command

Improved EtherCAT error reporting while scanning and activating network.
Common connection title bar clearly indicating Power PMAC connection status
Advance tuning settings are exported to motor in the project.

Release notes V4.3

Reason: Bug fixes reported in Bugzilla, new feature addition and enhancement.

List of new feature and enhancement:

1.
2.

o0k w

Update Amplifier, Motor and Encoder view compared to V4.2

Support Part Manager as menu so user can enter custom Amplifier, Motor or Encoder
without using system setup.

Improve System —CPU block and categorizing it for usability

Update Global Clock page compared to V4.2.

Support Import and export of Encoder like Motor and Amplifier.

Topology view improvement to show clear flow.
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10.
11.
12.
13.
14.
15.

Differences between V3.x and V4.x

Every Topology is appended with Jog Ribbon block for user to test the motor
Support New CK3M hardware: Digital 10 (MDxx) and Analog 10 (ADxx)
EtherCAT setup Enhancement

e Improve EtherCAT Motor topology

Improve header file organization (.pmh and .h )

Support naming a slave from EtherCAT network setup

Improve error handling when scanning and enabling the EtherCAT network
Support Slave template configuration for easy setup

Support EtherCAT slave template import/export

Support Slave disable

EtherCAT variable viewer to support easy commissioning

e Visual indicator showing EtherCAT active status

Project compare and diff the files from project menu.

Support font size to Position and watch window.

Visual indicator for Build and Download completion

Improve Motor compare view showing Power PMAC defaults column.
Support commonly used Power PMAC commands on the toolbar.

New Project template for EtherCAT projects.

Release notes V4.3.2.x

Reason: Bug fixes reported in Bugzilla, new feature addition and feature enhancement.

List of new feature and enhancement:
1. Support Drag and Drop EtherCAT Slave (1S and G5 only) to motor and setup EtherCAT
motor.

w N

NGO

Support Hot connect group for EtherCAT slave.
Enhance Project Compare functionality

Expanding eni file to compare slaves.

Add support for Project Sync (copy from Power PMAC to PC)
Add Template Manager for Project and ltem Templates
Enhance Motor/Co-ordinate System Compare view

Enhance the Topology view by adding a Safety Block

Add the ability to ‘refresh’ the Hardware Node

Release notes V4.4.0.x

Reason: Bug fixes reported in Bugzilla, new feature addition and feature enhancement.

List of new features and enhancements:
1. Support for Ethernet IP (EIP) setup. (Available after July 2020)
2. QUAD core support

ok w

Compile

Compare System, Project settings for core task allocation and buffer settings.
Core management

Image restores

Simplified and unified communication setup dialog
Revamped Firmware update dialog and Package install dialog
Revamped Hardware interface and Interactive dialog from Motor topology view.
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Differences between V3.x and V4.x

6. F1 help support extended to commissioning dialogs.
7. Revamped graph integrated to basic tuning and interactive feedback.

Release notes V4.4.1.x

Reason: Bug fixes reported in Bugzilla, new feature addition and feature enhancement.

List of new features and enhancements:
1. Supporting Ethernet/IP (EIP) setup for CK3E and CK3M and UMAC CPU (Requires FW
V2.6.X.X)

2. Support core management configuration for CK3M

3. Fix: The Data size is 0 in ethernetip.xml if the connection setting is disabled from EIP setup

4. Fix: EIP Watch variable window cannot be opened if multiple connections are configured

5. Fix: Plot control crashes

6. Fix: EtherNet/IP connection variable are not unique when copy paste connection command
is used.

7. Fix: Power PMAC message window should not get focus while Build and Download is in
progress.

8. Fix: Sometime PLC or Motion program does not show Motor or Coord or EIP structure in the
project editor IntelliSense list

9. Fix: Delete EIP connection takes very long time.

10. Fix: PMAC IDE hangs when checking EtherNet/IP Watch window. (many variables)

11. Fix: Remove the Dark theme option from Tool -Option-general

12. Fix: EIP Error message saying firmware 2.5.4 instead of 2.6

13. Fix: Block the build and download for EtherNet/IP project if the FW is V2.5.4.0

14. Fix: Task Manager Display goes wrong after automatically re-connection after disconnect.

Release notes V4.4.2.x

1. QUAD core CPU support
2. EIP support for QUAD UMAC

Release notes V4.5.0.x

Reason: New feature addition and feature enhancement.

List of new features and enhancements:

Ck3WGCxxxx hardware support and configuration page

CK3WGCxxxx TCR application configuration page

Motor topology supports adding Virtual and galvo motor configuration

Improved Tuning user interface integrating new chart

EtherCAT setup improvement

e Easy OMRON Safety controller integration.

e Drag and drop Multiple Omron Slave drive (1S and G5) to Motor Node and automatically
setup EtherCAT Motor

e Disable slave

e Support for (Hot Connect) Groups

6. Project wizard for generating project framework

orON=
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Differences between V3.x and V4.x

Homing application configuration page

Gantry application configuration page
Compensation table integration in the project system
10. Compare Gate X saved structure element

© o~

Release notes V4.5.1.x

Reason: Bug fixes

1. Alarm Pop-up continuously stealing the focus and making it unusable.

2. Alarm pop-up incorrectly showing the status. Alarms are for error only. For example
Plc[1].Ldata.Status = Stopped on Quit or CoordExecStatus[1] = Stopped on Quit, is not an Alarm but status.

Release notes V4.5.2.x

Reason: New feature addition and feature enhancement.
List of new features and enhancements:

1. Update MATLAB connectivity support to MATLAB 2020b version

2. Support for setting 16 KHz servo frequency for EtherCAT drives that supports 16 KHz
3. EtherCAT Analyzer

¢ Bus Mismatch

e Line Cross

Support Power Brick-stepper motor w/and w/o encoder from Motor Topology.
Enhancing Complete project upload from Power PMAC

Supporting expression evaluator from Encoder topology block for entering user units.
Supports storing the Tuning filter values to Power PMAC IDE project.

No ok

Release notes V4.6.0.x

Reason: New feature addition and feature enhancement.
List of new features and enhancements:

1. EtherCAT setup improvements:

o EtherCAT stack upgrade to 3.0.13.0

o EtherCAT slave enable/disable

e EtherCAT cable redundancy

e Simplified import of Sysmac Studio safety mapping files
CKB3C hardware support and configuration

New compensation table setup page

Communication improvements

Updated project workflow on startup page

New CK3W-AX1515/ACC-24E3 hardware diagnostic page
Interactive feedback verification section

Consolidated motor commissioning page

Bug fixes

©CONIORWN

Power PMAC IDE User Manual 17



Differences between V3.x and V4.x

Release notes V4.6.1.x
Reason: New feature addition and feature enhancement.
List of new features and enhancements:

1. CK5M hardware support and configuration.
2. User interface and ease-of-use improvements.
3. Enhanced stability and improved safeguards.

Release notes V4.6.2.x

Reason: New feature addition and feature enhancement.
List of new features and enhancements:

Updated and improved backup restore tool.

Enhanced coordinate system setup tool for guided and advanced setups.
New tool to allow importing safety mapping PDOs.

Enhance stability and improved safeguards.

Pobd-~

Release notes V4.6.3.x

Reason: New feature addition, feature enhancement, and bug fixes
List of new features and enhancements:

1. Encryption and exporting as a library of Realtime Routine user algorithms.

2. Enhancement and improvement in setting up many Ethercat slaves / motors.
3. Support for Debian 12 Power PMAC.

4. Security enhancements.

Release notes V4.6.4.x

Reason: New feature addition, feature enhancement, and bug fixes
Product Line(s): CPCI, CK3C, CK3M, CK3E, CK5M, UMAC ARM, Power Brick Family
List of new features and enhancements:

OPC UA server communication setup tool
MQTT client communication setup tool
1SA drive SRA parameters import
Support for Power PMAC simulator

Bug Fixes

SAEE I
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Differences between V3.x and V4.x

Release notes V4.6.5.x

Reason: New feature addition, feature enhancement, and bug fixes
Product Line(s): CPCI, CK3C, CK3M, CK3E, CK5M, UMAC ARM, Power Brick Family
List of new features and enhancements:

1. FRF/Bode Plot section in Sine/Sine Sweep
2. Bug Fixes
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Differences between V3.x and V4.x

Installation compatibility chart

Case1: User has Power PMAC IDE V2.x on the machine.
Upgrade to Power PMACIDE V3.x: Requires complete uninstallation of Power PMAC IDE V2.x
Upgrade to Power PMACIDE V4.x: Requires complete uninstallation of Power PMAC IDE V2.x

Case2: User has Power PMAC IDE V3.x on the machine

Upgrade to Power PMAC IDE V4.x: Install the V4.x. There is NO NEED to uninstall the V3.x
Power PMAC IDE. Power PMAC IDE V3.x and Power PMAC IDE V4.x can run side-by-side.
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Differences between V3.x and V4.x

IDE and Firmware Selection chart

FW 2.4,1.2 (All CPU) FW2.5.0.3 (Al CPU) | 2.

0 (Al CPU)
w
1o User Algo | Beckaround € | Sernt program UserAgs | Background € | Serit program UserAgs | backeround ¢ | st program
FowerPMAC IDE 3140 G G G o} X ox Not Supported
TBE710% o o o o % o ox
PowerPMAC IDE 42.0x o o o o 3 o o
PowerPMAC IDF 43.0% G G G o} < %
PowerPMAC IDE 44 xx G G G o
PowerPNAC IDE 25X G G G o} oF
TOE 45 7% o o o 5 o % o o
TOE 75.0% o o o o % o o
PowerPWAC I0E 46.1x o o o % % % % % oK
PowerPWAC IOE 462 o8 ox o} o} %
=3
w 2.3.2.5 User mode FW:2.4.1212503]2517]2540]2560
oE User Algo Background C_ Script program’ User Algo Background C Script program User Algo Background C Script program
PowerPVAC IO 3140 % Not Supported o o} ot Supported R R
FowerPVAC IO 310% o8 o8 o8 o o8 % 3
TBE 720 oF oF o oK % o % o
TOE 73.0% oF oF oF o oK % o % o
FowerPMAC IO 43 2% % % % o o % o3 %
TOF 0 3 3 3 3 I3 o % %
EREET 3 3 3 o o I3 o % %
FowerPVAC I0E 45 2% o8 o8 o8 ox ox o} % oK
TOE 75.0% o o o o i3 o % %
TOE 76 1% 3 3 3 o o I3 o % %
PowerPVIAC TDE 3525 % % o o % 5%
FowerPVIAC IO 4635 o8 o8 ox ox ox oK oK
PowerPMAC IDE 4645 3 o o o 3 o 3
FowerPVIAC IDE 4655 o8 o8 % o o R "
A FW:2.4.1.2125.032520]254.0]2560 6.1.0 | 2.7.0.0 | 2.7.1.0 | 2.8.0.0 | 280.1 | w
o8 User Algo Background C  Script program Background C Script program o8 User Algo Background C Script program
PowerPVAC IDE 310% o o o % o PowerP VAT IDE 4105 I3 o 3
PowerPVAC IDE 32.0% o o o o PowerPVIAC IDE 420% % o %
PowerPMAC 1D 43.0% o oF o PowerPVIAC IDE 43.0% ox 3
PowerPVACIDE 332 % % % % o PowerPMIAC IDE 432 o o %
PowerPNAC IO 247 % % o ToE Ta 5 oF
PowerPMAC IDE 25x oK oF o PowerPVIAC IDE 455 5 o
PowerPVAC IDE 452 ox ox ox ox oK PowerPIAC IDE 4525 o ox ox
PowerPMAC IDF 26.0x oK % o PowerPVIAC IDE 6.0 5 o
PowerPMAC IDE 261 oK % o PowerPVIAC IDE 461 5 o
FowerP AT TOE 36,25 % % % % o PowerPVIAC TDE 7625 o % %
FowerPMAC IO 36.3% ox ox ox ox 3 oK PowerPIAC IDE 4635 o ox oK
FowerP VAT TOE 3645 % % % % o PowerP VAT TDE 7645 o ox 3
FowerPWAC IO 46 5% % % o TDETE5x 5 oF
o aac cKsm
o £W270012710128001 28011 w £W27001,3710128001 28011 ™ B
o User Algo Background C Script program > User Algo Backgroun Script program oe User Algo
PowerPMAC IDE 46.0% o o o PowerPAC IDE 46.0% < G PowerPMAC IO 461 o o o
FowerPVAC IDE 6 1% o o o PowerPVAC IDE 6.1 o o oF FowerPVAC IO 46 7% o o o
PowerPVIAC IDE 467 % % % PowerPVIAC IDE 4675 % % FowerPVAC IO 46 3% oF oK oF
PowerPMAC IDE 463 o o o PowerPMAC IDE 463 o o oK PowerPMAC IDE 46 4% & 465% o o o
PowerPMAC IDE 46.4% oK oK oK PowerPVIAC IDE 46.4x o o ox
PowerPMACIDE 465 o o o PowerPMIAC 1D 465 o o o8
[FowerPMAC o€ 3] [ K (EC-Engineer extern: |
IoE User Mg background € Seript program [ T T T T T |
[ TOE ax | | ot Supported T |
PowerPMAC IDE 410 = = =
PowerPVIAC IDE 42.0% W R R
PowerPMAC 1D 43.0% o 3 X
PowerPMAC IDE 432 o o o
PowerPMAC IDE 44 % % %

Not

ur recommendat

== Recommended: Use or upgrade IDE4.x with FW version 2.4.x or above

Note
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Known Installation Issues Caused By Antivirus Software

Known Installation Issues Caused By Antivirus Software

Issue: Customers experienced the issue in installing the Power PMAC IDE V2.x, V3.x or V4.x.
Cause: There are two virus scan software packages that, as of today, are known to cause
incorrect installation of Power PMAC IDE. These are:

1. Avast Antivirus software

2. Sophos Antivirus software.
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Display Adapter Compatibility Issue

Display Adapter Compatibility Issue

Issue: Customers experience build and download error because of incompatibility with display
adapter driver and Cygwin.

Typical error looks like this...

Synchronizing Database failed.

Could not map PowerPMAC variables.

C......\PowerPMAC2.ppproj(133,5): error : reside in x:\cygwin\bin, where 'x' is the drive on which you have

C......\PowerPMAC2.ppproj(133,5): error : 1 [main] make 11116 fork: child -1 - forked process 11936 died unexpectedly, retry 0, exit code 0xC0000142, errno 11
C:.....\PowerPMAC2.ppproj(133,5): error : make: vfork: Resource temporarily unavailable

Observed error with Intel ® HD graphics 520.

Solution: Update the device driver. After updating the driver device manager looks like...

Intel(R) HD Graphics 520 Properties X
General Driver Detais Events Resources

% Intel(R) HD Graphics 520

Driver Provider:  Intel Corporation

Driver Date: 3/27/2018

Driver Version: 23.20.16.5018

Digital Signer: Microsoft Windows Hardware Compatibility
Publisher

To view details about the driver files.

| Update Driver... To update the driver software for this device.
e o
Disable Disables the selected device.
Uninstal | To uninstallthe driver (Advanced).
OK Cancel
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Obtaining the Power PMAC Manuals
Obtaining the Power PMAC Manuals

The Power PMAC User Manual and the Power PMAC Software Reference Manual on OMRON
automation website.
Industrial Automation | Omron

https://automation.omron.com/en/us/

OMRON  Automation Products  Solutions  Industries  Services

updated 3.2.2021.

Englisn | PDF | 532mB

m

ACC-24E3 Manual

updated 3.2.2021.

Englisn | PDF | 371MB

m

ACC-59E3 Manual

updated 8.17.2021

Englisn | PDF | 273MB

m C A

Turbo PMAC Users Manual

Englisn | PDF | 3.19MB

= =

Power PMAC Software Reference Manual

English | PDF | 14.44M8B
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Communicating with Power PMAC

Communicating with Power PMAC

Establishing Communication

Connect the power to the Power PMAC Rack if it is not yet connected. Then connect an
Ethernet Cable to the connector on the Power UMAC CPU labelled ETH 0, an Ethernet
connector on the front of the Power UMAC CPU card, as highlighted by a red circle in the image
of an example Power PMAC rack below:

e ©

MACRO &0

INTERFACE 5 OUTPUTS
+5VDC

+5VDC

-15vDC

=
=
g
z

RATINGS
INPUT

2.9A MAX
50-60 Hz 10

UTPUTS
Jouc 14A
+15 vDC 1.5A
~15VDC 1.5

INPUT  OUTPUT  OUTPUT

A PC can be connected to Power PMAC directly via a crossover cable, a straight cable or
through a network switch. If using a network card dedicated for Power PMAC communication,
and thus are connecting directly from a PC’s network card to the Power PMAC, then set up a
static IP for that network adapter on the same subnet as Power PMAC’s IP address. In
Windows 7 this can be achieved by clicking Start &  Control Panel and then clicking on
Network and Sharing Centre. Then click on “Change adapter settings” which is usually in the
leftmost pane of the window. Right-click the adapter that has been connected to Power PMAC
and then click “Properties.” Click Internet Protocol Version 4 (TCP/IPv4) and then click
Properties:
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i :
' Local Area Connection 3 Properties (53]

Networking | Sharing

Connect using:
&¥ Realtek PCle FE Family Controller

This connection uses the following items:

o™ Client for Microsoft Networks

45 Network Activity Hook Server Driver

4=} 00S Packet Scheduler

4=} File and Printer Sharing for Microsoft Networks

-4 Intemet Protocol Version 6 (TCP/IPv6)

S Intemet Protocol Version 4 (TCP/IPv4) |

-4 Link-Layer Topology Discovery Mapper 1/0 Driver
™ .a. Link-Layer Topology Discovery Responder

Description

Transmission Control Protocol/Intemet Protocol. The default
wide area network protocol that provides communication
across diverse interconnected networks.

Communicating with Power PMAC

Click “Use the following IP address” and choose an IP address on the same subnet as the
Power PMAC. An example is shown in the following screenshot:

General

Internet Protocol Version 4 (TCP/IPv4) Properties

You can get IP settings assigned automatically if your network supports
this capability. Otherwise, you need to ask your network administrator
for the appropriate IP settings.

(©) Obtain an IP address automatically
@) Use the following IP address:

IP address: 192.168. 0 . 1
Subnet mask: 255 .255.255. 0
Default gateway:

Obtain DNS server address automatically
(@) Use the following DNS server addresses:
Preferred DNS server:

Alternate DNS server:

[[] validate settings upon exit Advanced...

o J[ cance

)

e Start the IDE by double-clicking the @ desktop icon.

e On startup a valid IP address is required to communicate. The factory default address for

Power PMAC is always 192.168.0.200.

e Input the default IP address and press Connect.
e Check/uncheck “Save Password” to store the password.
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Communicating with Power PMAC

‘ Communication Setup

IP Address: | 192.168.0.200

X

User: root
Password: [ anaanns
Save Password
Connect Test No Device

Upon connecting the IDE will try to communicate with Power PMAC. If this is the first time the
PC is communicating with Power PMAC, and if using a network switch or hub and the PC is not
on the same subnet as Power PMAC, then the routing question dialog box will appear asking for
automatic configuration of the PC network settings (see screenshot below). Press OK to

continue.

et

to automatically connect?

( 7 .‘ PING failed! Ethernet adapter settings are not currently configured to
\ / communicate with Delta Tau hardware. Would you like me to attempt

OK ] [ Cancel

Upon successfully connecting the IDE will open in a default layout displaying the IP address.
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Communicating with Power PMAC

Changing Power PMAC’s Network Settings

To change Power PMAC’s IP Address from within the IDE, click Tools =  Options...

@ Power PMACIDE46.29 {2 Ip: 192.168.0.204 Type: POWER PMAC UMAC CPU: arm,L51021A

File Edit View Debug WTéBi([PowerPMAC EtherCAT  Window Help

- ‘ i3~ -2 External Tools... -
i @ StartPage & Commun Customize... Position [@] Watch [V] Status [G]Jog Ribbon

f ; Options...
il StartPage. = X

Near the bottom of the screen in the left pane, click Power PMAC =  Network Settings and
then the following window should appear, whose functions are annotated below:

This b lects whether t
This box selects which 1S otx ?e IeI: S(;’:; etherto
physical Ethernet port on use astatic [I” address or a

DHCP address
the front of the
Options ? X
Current IP Address displays the Settings \
current IP address for the Interface E 0T T
port that is selected under Interface
IP Address | 192.168.0.204
In New IP Address the user can type in the IP - nter
address to which they want to set this dewce Test network setting
[[ 4 Power PMAC Stbne: Mask 0 L )
- - - compatibility and implement
| Specify the subnet mask for this device under 0 Gatmy o ; .
T I changes with a single button
tie oo
| Specify the default gateway for this device under lP address availability
TOTe Management
Advanced ;ettings 2. Copy file to Power PMAC
I Text Templating 3. Restart network
I» Web Forms Designer
b iR 4. IP change completed successfully
b XAML Designer
. Test and Apply Changes
This area reports £ L
messages and changes
from the Options window
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Communicating with Power PMAC

For the CPU types of PowerPCs, 460EX, if the 2" interface “eth1” has
been preconfigured the above screen can be used to change its

settings.
For the CPU type PowerPC, APM86xxx (Dual-Core Power PMAC),
the 2" interface (if present) has been preconfigured as an EtherCAT
Note device and therefore is not available as a 2" LAN device for
communication.

Changing x86, Hypervisor's (Motion Core’s) Network Settings

For CPU type “x86, Hypervisor” Motion Core the screen looks slightly different, and the
procedure is as follows:

1. First, Network settings can only be changed locally on the host computer. Otherwise, the
user will get the following message:

Unable to get current configuration at 10.34.9.220 or computer is not hosting
PowerPMAC (MotionCore etc). All features for this control will be disabled

2. On the host computer, the screen looks like the following:

Options g o Ml —— %
Environment Interface [vnetO v] Mode [static vl
Projects and Solutions Test and Apply
SourceFontrul Hostname |MotionCore Changes
Text Editor
Database Tools Il:,.j Al I .
Debugging 1. —
NFSRoot IP Address is the address of the ~ perPMAC Network Settings 2
NRAddress 10.349.220 }
virtual network adapter P Adicess %
/NFSRoot] ress 1034983 = \
Communication Setup SubnetMask 255.255.255.0 - Logmesagey )

Network Settings
Test Tools
Text Templating
Windows Forms Designer
| Workflow Designer rReading network settings from PowerPMAC at 10.34.9.220
[ d:)mmand: hostname; Response: MotionCore

CurlPAddress
Current PowerPMAC IPAddress

| [ OK ] [ Cancel ]

3. In x86, Hypervisor, the additional parameter NFS Root IP Address is the IP Address of the
virtual network adapter. This address controls the availability of an IP Address subnet. The
user cannot change the IP Address to a different subnet than one given by the NFSRoot
subnet. The rest of the procedure is same as that of a regular Power PMAC.
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Communicating with Power PMAC

4. Delta Tau is in the process of making an additional network interface available so that users
will be able to connect to the x86, Hypervisor “Motion Core” externally. We will notify users
when that interface is available and will promptly write the procedure as well.

options and All Test and Apply buttons are disabled. The following message
will be displayed in this case: “Network settings change options are not
Note available for CPU type: “x86” at this time.”

For CPU type “x86” Linux computers hosting the Motion Core the above
A@’

Re-establishing Communication

To re-establish communication, click on the Communication Setup button (surrounded by a red
box in the image below), which is shown on the Power PMAC Controls Toolbar:

File Edit View Project Build Debug Tools DeltaTau EtherCAT Window Help
i [B-o0-2 WP X TA|D - -| Debug ~| Any CPU ~ P Start ~ - | % outctr lmee -,
i @ Start Page I’ Communication Setup IETﬂminal € Position Watch Sla(us Jog Ribbon | Task Manager EAdvanced Tuning Plol ‘ Download All Programs  _

If this button is not showing, right click on a blank, grey space in that toolbar area, go to
Customize and make sure “Power PMAC Controls” is checked, as shown below:

Customize ? >

Toolbars | Commands

Toolbars:

O | New.. |

] Compare Files

Delete

]
[] Debug
] Debug Location | Modify selection ~ |
] Formatting
]
|

HTML Source Editing
] Layout
/1 Power PMAC Command Toolbar
[ [« Power PMAC Controls
[] Query Designer
[ ] Source Control
/1 Standard
[] Table Designer
] Text Editor
[] View Designer
[] Web Browser
[] XML Editor

\ Keyboard... | | Close I

Re-establishing communication can also be achieved through the Communication Setup area of
the Options window as described in the section of this manual immediately before this section.
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IDE Project Examples

Several example projects can be found in the Power PMAC IDE’s installation folder. By default,
its location is as follows:

C:\DeltaTau\PowerPMAC IDE\x\IDE\PowerPMACProjectExamples where x is the main version
numberi.e. 3, 4 etc.

Currently there are six examples included:

Project Folder Name Description

DemoBox_4X Basic motor setup for four Brush DC motors in a single
coordinate system, a PLC, and some subprograms.

IOAccessories Provides header templates for some 1/0O Accessories and a
sample PLC for MACRO.

Some are for local and remote (via MACRO 8x & 16x
Stations) UMAC cards and some

are standalone MACRO Stations.

ModbusLibExample Sample for making a C library using Modbus as an example.

PowerPmacMacroExample Example Script and C PLCs for MACRO communication.

PowerPmacModbusExample | PMAC Script and C application for communicating as a
Modbus Client to a Modbus Server. Both the Modbus Client
and Server are being executed on the Power PMAC.

Program Development This sample project and its documentation will explain and
give examples of what to put in each folder of the Project
Manager. Provides some example programs of different

types.

CfromScriptKinExample Shows how to implement Script Kinematic equations C in
usercode.c's CfromScript function.

CfromScriptPIcExample Shows how to use the CfromScript function in a Real-Time
CPLC and in a Background BGPLC. This example also
shows how to return data from the CfromScript function.

EipArrayExample Example project on reading and writing EipArray part of
Background Programs. This is C program example
transferring Eip data block.

Note that within the Documentation folder in each of these example projects there is a text file
explaining the purpose of the project and how to run it.
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IDE Layout

Default Layout

The default layout of the IDE screen is shown below:

Common connection title bar clearly indicating
PowerPMAC connection status (Connected: Green
, Disconnected: Red), IPAddress, Power PMAC type,
CPU and Firmware version

@ PPONC ProjectSource - PowerPMAC IDE 000.100 £)/1P: 10150.168235  Type: POWER PMACUMAC  CPU: armiSI021A  Firmware: 25544 Quick Launch (Cut+ P = B X
Fie Et View Pojct Buld Debug Took Detalu EmerCAT Window Help
O-2|8-u-A M D« «| Detng - Ao . b Sune B maxcac « 0 - meeD-,

€ SsanPage & Communication Setup | 5] Terminal @ Position [& wateh [7] Status [S] Jog Ribton | [ Task Manager [11] Tune [A] Piot Download All Programs 5 ¥ Reset & Re-intiaize ¥ Reset ¥ Save o

Velocity

Following Errc

o Omm  Oma/menc Omm

Single Feedback Type

p-

3 Ot Oct/sc oct PowerPMAC v Ampifier ] v Motor, =) v Encoder. ] 137 Solution PRONC_ProjectSource (1 projec o
" oct  oct/we et Servo Period ¥ Deta T Data Systems Inc. Patman T Ptman A 7
“ Omu  Omu/mec Omu 0443 msec 30 AMP2 (603443) sums2 S412ms2 - Organize project files
ProseOnTsencienod . R :
e~ Controt Type "’:}""“’ e here in the Solution
. s iy S User Unts
Monitor motor Position przs s 3080 Josiatpe o Explorer
Aralog v Feedback Unit (ct) v
v > input Voltoge (VDO | Reset 10 raw units |
Command/Query « Response @
3ys jgacecsl 'y - 5 Motord
N X ) Motor
s Watch variables’ Editor area for configuration D downs
! : € te S)
o Values change and programming T

s»| here in the Watch vV Hardware interface ), adratise
| Window

sys.coregrancit @ v intenactive v Operating Limas v Testond Set V. Basic Tuning
€15, Enabled ° Feedback
£10[0). trabled ° T v

Topology: | Single Feedback =

received 36 characters; response time:

Termaat

Enter commands here in
the Terminal Window

PowerPMAC messages: Messages from Output Box: See the output of building System Difference Visible Alarm indicator
Motor setup, ECAT setup and downloading the project here Indicator

The common connection bar will indicate the connection status of the IDE to the PMAC. Below
are the three states for this connection bar:

Connected status bar

( IP: 10.150.168.235 Type: POWER PMACUMAC  CPU: arm,LS1021A  Firmware: 2.5.0.3

Disconnected status bar

@ IP: 10.150.168.235 Type: POWER PMACUMAC CPU: arm,LS1021A  Firmware: 2.5.0.3

No Device status bar

The Power PMAC messages window displays errors, warnings, messages, parameter settings,
motor setup, coordinate setup and ECAT setup writes to this window.
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e The Error tab shows errors.

e The Warning tabs shows warnings.

e The Messages tab shows the messages.

e The Output tab shows all the settings that are written to Power PMAC.

PowerPMAC Messages
€3 OErrors | 1 OWarnings | @ 1Messages | ] 4Outputs

Date Location Module Description
™ 3/22/2018 12:20:44 PM CPU Settings Global Clock Sys.PhaseOverServoPeriod=1
) 3/22/2018 12:20:44 PM CPU Settings Global Clock Sys.CPUTimerlntr = 1
@ 3/22/2018 12:20:44 PM CPU Settings Global Clock Data Accept Successful.

PowerPMAC Messages

The IDE title bar will display the following information:

e |IDE version

e Currently open project
[ ]

@ PowerPMACAT - PowerPMAC IDE 4.2.04 |

Windows can be moved around by clicking and dragging. Right-click the top of a window to
choose to float the window, dock it, tab it, hide it automatically or hide it as shown below:

Watch Window it
ool bloloty IS | £l
Command/Query os
Dock
YeceiaCaint Dock as Tabbed Document
pl Auto Hide
pAl T Hide
p40 0
p43 0

This is common to all windows in the IDE. The Auto Hide function will only appear if this
document is tabbed.

A There is now a title bar indicator to display the device connection status. All
e individual connection information from control is removed

Note
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Alarm Indicator

The Alarm indicator is always visible to clearly indicate to the user any Alarm as they are
triggered. This view monitors the global status elements (Sys.status). This can be also found in
Status window — Global Status Tab.

A lost Connection to Power PMAC is also treated as an Alarm and will be indicated, along with
RED bar on the top of the IDE, and displayed in the alarm area as shown below:

Ready 0PowePMACMessages € Connection Lost

If there is an error other than loss of connection it will be displayed in the alarm area and a
message will be displayed in the Power PMAC message area as shown below.

[PowerPMAC Messages v 3§ x
© OFmees | 4 1Wamings | @ OMessages | 7 00utputs

Date Locaticn Modue Descrigtion
L M Alarrn Inds System P &

il ol £t List Terminal Output Find Results 1

Alarm showing the
error in alarm area
and message area

The User can acknowledge theses Alarms, but the Alarms are not removed from the view until
they are cleared. The Alarm view shows the symptom of the alarm and possible remedy as
shown below:

Raised Alarms x

ProjectloadErr

Project load emor

Click to get Symptom
and remedy

Pop-up Help like F1 from manual
:’J'°"‘/“"‘°'°°"' for the status bit
niblock

Durng the power-up/reset proce
Getected an emor n the 10ad

Raised Alarms

Of Gate 1TNGs In LCrOt Reader Thet
Remedies

Please chack PowarPMAC project for any kind of

Alarm
Acknowledgment

Raised Alarms

A ProjectLoadErr

Pop-up
block/unblock-
Block
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Pop-up unblock

Motor{3L Ptiomt-

Pop-up Block

B Motor[3]PlusLimit

Default Pop-up blocker is in unblock state so user will see alarms stack-up. To stop this, select
Pop-up block by clicking EYE icon as shown below

Pop-up Unblock Pop-up Block

H - N

Pop-up block/unblock is per IDE session. User will need to Block pop-up every time IDE is
restarted.

System Difference Indicator

This is new indicator, as shown below, was added in IDE V4 .4. It indicates that there is a
difference between Power PMAC device settings and currently opened project. If the mouse is
hovered over the indicator, it will provide a tooltip. The indicator is automatic and compares the
Power PMAC device buffer settings and core assignment settings.

Power PMAC ARM CPU Compares buffers and core assignment
Other CPU Buffers only
IPC (Hypervisor) Not supported

A System Difference A Mo Raised Alarms

The system difference requires the FW version 2.6.x and above.

Note
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On clicking the System Difference it will show the difference window, as shown below...

Section Device Settings PPCNC_ProjectSou
(®) PowerPMAC Buffers

Program Buffer 16777216 (16 MB) 268435456 (256 MB)
User Buffer 1048576 (1 MB) 1048576 (1 MB)
Table Buffer 1048576 (1 MB) | 1048576 (1 MB)
Lookahead Buffer 16777216 (16 MB) 16777216 (16 MB)
Symbols Buffer 1048576 (1 MB) | 1048576 (1 MB)

@ CPU Core Management

Capt/Comp Interrupt 1

— IS

Servo Interrupt 1 1
Real Time Interrupt 1 1
Real Time Interrupt 'C’ PLC 1 1
Background Tasks 0 1
Background 'C' PLC 0 0
EtherCAT Tasks 1 1
EtherNet/IP Tasks 0 0
Host Communication Tasks (gpascii) 0 0

Structure Element: Sys.CorePhase

Description: Number of CPU core to execute phase tasks

Range: 0.30r0..1

Default value: 1

[ Different from Device Settings

At this point the User has two choices:

1. To match what is on the Power PMAC by going to core management (System-CPU-
System-Core management) Ul and select the core assignment, and then selecting
Memory buffers to match the Power PMAC device settings. (As shown below)

2. Build and download the project, save the project and reboot Power PMAC to apply
current project settings to Power PMAC device.

4 CPU
&2 System
4 Hardware
9 ACC-24E2A[4]
CPU Settings 14 EtherCAT
4 Motors
Clock Settings Common System Memory Buffers Core Management Advanced System &1 Motor1
Elements Elements &3 Motor2
43 Motor3
5} Motor4
Coordinate Systems
4 Encoder

Start Page

The Start page is displayed by default when the IDE is first started after installation. The Power
PMAC configuration workflow guides new users on how to use the IDE for configuration and
programming.
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The page displays useful information about Delta Tau products, how to get technical support,
etc.

Users can disable the start page from being shown when the IDE launches from Tools>
Options>Environment>Startup, or by unchecking the checkbox on the lower-left of the page.

Power PMAC Project Workflow
@ Power PMAC IDE ottt ©
1 System
Start cPu Hardware EtherCAT (If Needed) @ EIP (If Needed) @ Motor (i}
Settings [~ Verify, diagnose setup —M Add and configure ¥ Add and configure [ Add, setup, commission
detected hardware
Project Wizard...
Open Project... Encoder Coordinate System ()
View current setting Add, setup, commission
Recent
PowerPMAC317 Al
PowerPMAC316 1 Application
PowerPMAC315 Compensation Gantry Homing TCR
PowerPMAC314 Add and configure Add and configure Add and configure Add and configure
PowerPMAC313 ¢
PowerPMAC312
14 Tools
PowerPMAC311
Plot (Future release) Scope (Future release)
PowerPMAC310 Perform variable plotting Perform digital scope
PowerPMAC309
PowerPMAC308 l
Programming
Examples
P PMAC Script Language @ C Language General
CFromScriptKinExample Add Motion, PLC, etc. Add background, real time View/Add log, document,
CfromScriptPlcExample Ciprogram S ton
DemoBox_4X
10Accessories Revision Updates (V4.6.2.x)
ModbusLibExample o Updated and improved Backup Restore tool
PowerPmacMacroExample « Enhanced Coordinate System setup tool for guided and advanced setups
PowerPmacModbusExample « New tool to allow importing of Safety mapping PDOs
Program Development o Enhanced stability and improved safeguards
EipArrayExample e Bug fixes
Technical Support
Delta Tau Forums
Manuals
Power PMAC IDE User Manual
Power PMAC Users Manual
Power PMAC Software Reference Manual
Keep page open after project loads
v Show page on startup
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Menus

The IDE has eleven dropdown menus at the top of its main screen as shown below:

‘ PowerPMAC21 - PowerPMAC IDE 1.0.0.0 - IP: 10.150.168.237 CPU: arm,LS1021A Firmware: 2.4.0.0
File Edit View Project Build Debug Tools DeltaTau EtherCAT Window Help

File
This section describes dialog boxes in Visual Studio that pertain to the File menu. The options
are described below:

File | Edt View Debug Tools DeftaTou EtherCA

New *» |« Create a new project from template or new project from wizard.
Open » | * Openaexisting project
Close .

Close the presently open file from editor
Close the currently open project solution

Close Solution

Upload Project From Power PMAC + Upload a project from Power PMAC.
Save Selected Items Ctrl+S
Save Selected Items As...

W SaveAll Ctrl+Shift+S
Export »
Import »

Export custom motor or amplifier or encoder
Import custom motor, amplifier or encoder
Open template manager to manage variety of templates including project template for importing, exporting, removing.

Template Manager...
Page Setup...
Print... Ctrl+P

Recent Files »

Recent Projects and Solutions »

B Eit Alt+F4

File- New Project/Project wizard

This option allows user to create a new project from template or from project wizard. The option
looks like below. It is covered in detail under PROJECT SYSTEM heading.

File | Edit View Debug Tools DeltaTau EtherCAT Window Help
New > { 3 Project... Ctrl+Shift+N 4 Open a new Power PMAC project
Open > | Project Wizard... Open a new Power PMAC project from Wizard
Close ‘
File-Open

This option allows user to open existing project. The option looks like below. It is covered in
detail under PROJECT SYSTEM heading.
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Open

Edit View Project Build Debug Tools DetaTau Window Hel

b | 3| Project/Solution... Ctrlshift-0+— Open an existing Power PMAC project

& File..

Ll Open an existing Power PMAC project

File-Open-From Power PMAC

This is Project upload/Synchronization option.

This option allows user to upload/synchronize the project from Power PMAC to PC. Following
workflow shows the upload process ....
As shown the option is available from File-Open-From Power PMAC. Click and it will open the
Upload project dialog.
Unlike the previous IDE version (<4.5.2.x) in the current release of the IDE it is not required to
have project open to upload the project.
Click OK to upload the project.

File

b

Edit  View Debug
New
Open

Close

Save Selected ltems
Save Output As.
Save All

Export

Import

Template Manager..
Page Setup..

Print..

Recent Files

Recent Projects and Sokition

it

Upload Project

Tools

PFower PMAC  EtherCAT  Window  Help

3
* | B ProjecySolution. Cerl Shifts O
From Power PMAC
< File-. Cl+0
CulsS ‘ Upload Project

Power PMAC projects (192.168.0.200):
Curl+ ShiftsS

> Active Project (var/fp/usrlashyProject)

Cul+p
" Sclution name: PDK_Test Normal
»
. 5
AlteTd Folder name: PowctPMACST

Destination directory:  CASCPASCADAY

Please wait while synching PDK_Test_Normal

4

Solution name
after project
upload on PC

The folder on the PC that will be
made for the project upload

The default destination folder
l—ox Cancel

location can be altered using
browse.
Solution Explorer v R X
@l o-s | lp-=
— Search Solution Explorer (Ctrl+;) L~
[ PDK_Test Normal
System
Tools

C Language
Configuration

PCK Test Normal.ppproj

Documentation
Log
PMAC Script Language

Y VO VO W

If there is no project on Power PMAC (Typically on $$$*** or brand-new Power PMAC board)
and user tries to upload the project a clear pop-up message is displayed as shown below...
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Power PMAC IDE -

| Power PMAC does not contain any project

Project will upload complete project including EtherCAT network setup.
Following are the typical use cases and how the Project upload handle these cases.

Use case 1: Uploading Power PMAC project with EtherCAT network setup.
On upload if it is determined that required esi files are not present on the PC a warning pop up
message will be displayed listing the missing esi files as shown below...

Missing ESI x

Load PDO mapping will fail due to missing ESI files. Please
import all the below files from EtherCAT -= ESI Manager
1. Copley_AEZ2_2.20.xml

It's users’ responsibility to provide the esi files from the EtherCAT device vendor. The esi files
are needed for altering the EtherrCAT setup. If it is not required to change the EtherCAT setup
then user will be able to download All programs after uploading a project from Power PMAC.

Use case 2: If the project is downloaded using the previous Power PMAC IDE (< V 4.5.2.x)
then some of the files (mainly EtherCAT and setup files) are not copied to the Power PMAC.
This was by design for the previous version of the IDE. In this case a Project Upload will copy all
the available files from the Power PMAC and will output the message in the Power PAMC
messages window about the files that are not available.

Also by default background ¢ apps source is not part of project download. Thus, uploading a
project from Power PMAC will not have C source code. Under this circumstances user can only
download the project and not build. Build will fail because C source is not available.

Possible choices ...

1. Disable C app compilation by choosing None option from property as shown below ...
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How the file relates to the build and deployment process

4 cappl
cappl.c
& Open == e‘ﬁ' PP
&) cappl.h
Open With... 4 CPLCs
<> View Code b bgcplc00
s to Thi b rticplc
COpe RO TS 4 Include
B} New Solution Explorer View 4] ECATMap.h
Exclude From Project [® pp_proj.h
2 ¢ anc Libraries
- ory, e 4 Realtime Routines
X Delete Del o8] usrcode.c
EJ Rename 4 usrcode.h
& Properties Alt+Enter Conﬁguratuor\
l Documentation
Properties v X
capp1.c File Properties -
as B | &
| Build Action None |
B File Encryption option
Enable Encryption No
B Misc ~
Build Action

Menus

To disable the compilation right click on the file and choose the Properties and then select build
action to None. This is shown above workflow.

2. Add the ¢ source file using Add existing file context option from capp1 folder.

Use case 3: If the project is encrypted, full encryption or partial encryption and user build and
download the encrypted project to Power PMAC then on Project upload is disable with clear

indication. This is shown below, OK button is greyed out and warning indicates the reason.

Upload Project

Power PMAC projects (192.168.1.200):

Active Project (/var/ftp/usrflash/Project)

Solution name: PowerPMAC134

Folder name: PowerPMAC138

x

PowerPMAC134.ppproj

Destination directory: C:\ProgramData\Delta Tau\PowerPMAC Projects\Powe “~ » Browse...

I 1. The project is encrypted and cannot be uploaded

| [T (=
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not exist project. See the Project Encryption section of this manual for
Note more details.

If the uploaded project does not contain the source code for C Libraries,
then the uploaded project will show the files in the project tree, but they will

Export

This option is for Exporting Custom Motors, Amplifier or Encoder. User can export any custom
data currently present in the Power PMAC IDE system. The purpose of this option is easy share
custom Motor, Amplifier or Encoder data with anyone. Typical workflow is below...

On success the xml file will be saved under the selected folder location. The workflow is same
for any type of export, Motor, Amplifier or Encoder. This example is for Motor.

'
2 usto lotors.
Import » Custom Amplifiers
Template Manager.. Custom Encoders l
s » o5 "

Import

This is opposite process of export! This option will import Custom Motor, Amplifier or Encoder in
the current Power PMAC IDE system. The purpose is sharing and reusing of databases among
or across organization. Typical workflow is below...

On success the xml file will be imported. The workflow is same for any type of export, Motor,

Amplifier or Encoder. This example is for Motor.
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Import L Custom Motors...

Template Manager... Custom Amplifiers...

Page Setup Custom Encoders...

Choice for importing motor

-

Part Managers
X Kill Motors

* | @ Amplifier Defintions
Ctrte AReK

Import Database X

C\Temp\Templates\MyMotors.xml

| ) Manufacturer  Part Number Already Exists

¥ asc 123 Yes
o acotT 1234 Yes
] Danaher AKMIE Yes
/] DetaTauUK HOMSEES-405  Yes

~ or 1234 Yes
] Faulhaber  KL23H276-28-48 Yes
| &2 Fulling Motor 1 Yes

| Verify Import
By opening Part

Manger

@ Motor Defintions
@  Encoder Definitions

Users have a choice for which motor’s (Amplifier/Encoder) to be imported. Press OK to import.
User can verify import by opening Part manage as shown in the picture.

Template Manager

This new dialog is a combined project and item template manager, supporting multiple template
types across the IDE, and allowing for future additions and enhancements with all the
capabilities of the previous manager. It is available from File menu as shown below:

File | Edit View Project Build Debug Tools D
New »
Open
Close
B3 Close Solution

Upload Project From PowerPMAC

M save Motor2 Crles
W savean CtrleShifteS
Export
Import

Template Manager.

Recent Files
Recent Projects and Solutions
B e AteFa

Template Manager

Filter Al

Templates: Template

@ CK3M Brushless 2 Way
Standard Brushless Motor

Description:

Type
Project
Motor

The user can select the template that they need to export or import. The Filter drop-down allows

the user to select the template type.

Power PMAC IDE User Manual

43




Menus

Template Manager X
Filter: All v
Project
Templates: - o
Motor Type Delete
Coordinate System Motor -
All ate Project 00
Project oo |
. PBL4 Project
B rsis final Project
PittmanMotor Motor
Description:
[ close |

Use Export and Import from the template manager as explained in the earlier section
“Export/Import Project and Item template”.

Edit

This section describes the functionality of the menu items in the Edit menu. These options are
applicable to the file opened in the Editor and the project system. The options are described

below:

) | Undo Ctrl+Z
& | Cut Ctrl+ X
43 Copy Ctrl+C
I Paste Ctrl+V
2| Delete Del

Select All Ctrl+ A
Find and Replace

Go Te.. Ctrl+G
Insert File As Text...
Advanced
Bookmarks

IntelliSense

Power PMAC IDE User Manual

| Edit | View Project Build

—— Undo the last action that was performed in the Editor

—— Redo the last Undo action in the Editor

— Cut the selection in the Editor to the Clipboard

Copy the selection in the Editor to the Clipboard

Paste the contents of the Clipboard to the Editor

Delete the present selection

Select all text in the Editor

Find and/or Replace text in the Editor

Go to a specific line number in the current file
—Add a file’s contents to the location in the current editing file at the cursor’s location

——Advanced editing options
——Advanced Editor Bookmark options

——Advanced IntelliSense options



View

Menus

This section describes the functionality of the menu items in the View menu.

[ View |
[z] | Code
)  Open
Open With...
&3 Solution Explorer Ctrl+ Alt+L
| Bookmark Window Ctrl+K CtrideW
5 Error List Ctri+\, Ctrl+E
=] | Output Ctrl+Alt+0
7 | Properties Window F4
< TaskList Ctrl+\, Ctrl+T
Find Results
Other Windows
3l | Full Screen Shift+Alt+Enter
J-'g Pending Checkins
Project

— Not implemented

— Not implemented

—— Open the currently opened Editor file in a different editor program

—— Open the Solution Explorer

—— Open the Bookmark tab page in the Output Window (cf. Default Layout)
—— Open the Build Error tab page in the Output Window (cf. Default Layout)
— Open the Output Window

——Open the Properties Window for the file currently selected in the Solution Explorer
——Open the Task List tab page in the Output Window (cf. Default Layout)
—Open the Find Result tab page in the Output Window

—Open the IDE Command Window (not Terminal Window )

——Display the current file from the Editor in Full Screen mode

——Not implemented

This section describes the functionality of the menu items in the Project menu: This is a dynamic
menu and changes with respect to if project is loaded or not. If the project is loaded and editor
area does not have any file or editor area is empty, then the Project menu will look like ...

Each item is explained in detail under Project System- Project context menu to avoid
duplication.

Project

>

Build Debug Tools
Build and Download All Programs
Download All Programs

Map Power PMAC Variables
Export Project with IP Protection...
Export Project Template...
Compare Project

Add Macro

Unload Project

Properties

Delta Tau

EtherCAT

If the project is open and there is any file open the editor area the menu will look line...
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Exclude From Project
? A ExampleProject Properties...

|Proje<t] Build Debug Tools DeltaTau EtherCAT Window Help

» Exclude the selected file in the editor from the project
» Project properties

darea

———
plclple & X
: /*For more information see notes.txt in the Documentation
2
PICl‘pIC Open 3 open plc Myplcl
. . 4 /] ===eecerccccccccanad User Code Goes Here---------===--=
in the editor s ches
6

e The Project Properties dialog is opened from the Project Properties menu item shown
above.
e Properties are categorised in two parts, General and Program variable setup as shown
below.
e The properties are self-explanatory.
ExampleProject Propesty Pages ? X
| i
Program Variables Setup ~ Power PMAC project general pri
Download C Source Files No
Download systemsetup.cfg File Yes
Ignore Erors No
Project Encryption Options Do Not Encrypt Any File
Proj = eout r:lo)t‘!:{r‘nsec) Jooooo
Use new PDO mapping name format Yes
Verdose Disabled
Download C Source Files
Download all the C source files during the download process
oK1 [ comee | [0l
ExampleProject Property Pages ? X
[ Geeat | §41|
v Power PMAC Program Variables setup
M Variable Starting point 8192
P Variable Starting point 8192
Q Vvariadle Starting point 1024
M Variable Starting point
Sets the starting point for the pre processor for auto assignement of the M variables

e | [
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This section describes the functionality of the menu items in build menu:

[:] Build Solution
Rebuild Solution

Clean Solution

Ctrl+Shift+B

Build the currently selected solution.

Clean and then build the solution.

Clean the currently selected project’'s OP files.
Build another project in the solution.

%  Build DemoBox 4X Rebuild another project in the solution.
Rebuild DemoBox 4X Clean another project’s OP files, if there are
Clean DemoBox 4X any, and its dependent environment.
S : Advanced batch building options for solution.
Advanced solution configuration options.
Configuration Manager...
Debug

This section describes the functionality of the menu items in the debug menu.

Debug
Windows
Attach to Process...
Other Debug Targets
¥ Steplinto
A Step Over

Toggle Breakpoint
New Breakpoint
Delete All Breakpoints
£} Options..
& PowerPMAC21 Properties...

Ctrl+Alt+P

F11
F10

Fa

Ctrl+Shift+F9

View debugging tool windows.
Attach debugger to process.
Selects other debugging targets.

While debugging, go inside the function.
While debugging, move to the next line.

Add or remove the breakpoint.
Add the new breakpoint on selected file line.
Delete all active breakpoints from the project.

Configure debugger’s general settings.
View properties options for opened project in
the solution explorer.

Tools

This section describes the functionality of the menu items in the Tools menu.

Tools Power PMAC

External Tools...

Customize...

| {31' Options...

EtherCAT

Add additional external controls.

Add or remove commands on any menu or
toolbar
Manage the environment
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Power PMAC IDE supports English, Japanese, Spanish, Korean and Simple Chinese.
Language packages are installed at the time of IDE installation. The Language of the IDE can
be changed from Tools-Options-International settings.

Search Options (Ctrl+E) L language:

S ETNIORIGIE = [Same as Microsoft Windows ']

General English
AutoRecover Espafiol _
Documents Same as Microsoft Windows

Extensions and Updates
Find and Replace
Fonts and Colors
Import and Export Settings
International Settings
Keyboard
Notifications
Quick Launch
Startup —
Tabs and Windows
Task List
Web Browser
> Projects and Solutions
> Source Control
P Text Editor

1

OK l [ Cancel l

Toolbar Command Options

This section describes the functionality of the command toolbar menu options.

*EF Reset & Re-Initialize " Reset ‘" Reset EtherCAT —

2= Gaye

Add or Remove Button:

Solution Explorer

Reset & Re-Initialize

This will execute the $$$*** command, and when user click OK, causes Power PMAC to do a
full reset, plus a re-initialization of active memory. All user programs and other buffers are
erased in active memory. All setup data structure elements are returned to their factory default
values. Note that the last saved configuration in flash memory is not affected by this command,
and this configuration can be restored to active memory with a subsequent $$$ reset command,
or by cycling power.
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Power PMAC IDE e

Sending the command $%%** will perform a full reset on the PMAC device.
Are you sure you want to continue?

[ | Do not show again 0K Cancel

Reset

This will execute the $$$ command, causes the control application in Power PMAC to do a full
reset. The effect on the application is equivalent to cycling power off, then on. However, the
computer hardware and operating system continue to operate as this reset occurs. (The on-line
reboot command causes the computer to restart as well.)

Reset EtherCAT

The ecat reset command kills and restarts the EtherCAT stack network interface application,
executing all the network initialization functions performed on a $$$ reset command or system
power-up. The system should be in a safe state before issuing this command

Power PMAC

All the monitoring and configuring windows pertaining to Power PMAC controller are under
Power PMAC menu.
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Power PMAC EtherCAT  Window

B H L PRI S [N ™

= B le 1€

X

Communication Setup
Terminal

Position

Watch

Status

Power PMAC Error
Power PMAC Unsolicited
Jog Ribbon

Power PMAC Messages
Encoder Conversion Table
MQTT

OPC UA

Tools

Troubleshooters

Update Firmware

Install Package

Device Imaging

Backup Restore
Compare

Part Managers

Kill Motors

Terminal Window

Help

Ctri+Alt+K

Menus

The Terminal Window is a text parser into which the user can enter commands to send to the
Power PMAC.

The IP address of the device which this window is communicating with is displayed at the top of

the window (indicated by the red box in the image below):
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Terminal * B X

come to Power PMAC terminal
Select Device to start communication
S5H communication to Power PMAC at 182.168.0.200 successful
acted from Power PMAC at 192.168.0.
communication to Power PMAC at 192.168.0.200 suc:

Resetting Fower PMAC
Power PMAC Reset complete
Disconnected from Power PMAC at 192.168.0.200

Type the command wanted to send into the command entry box (indicated by the blue box in
the image below) and press the Enter key on the keyboard to transmit the string to the Power
PMAC.

If the command produces a response from the Power PMAC, the Terminal Window will show
the response.

Text can be copied from the window by highlighting it with the mouse and pressing CTRL+C on
the keyboard. To select all of the text in the window click on the window and press CTRL+A
and then CTRL+C to copy it.

Text can be pasted into the text parser by clicking in the command entry box and pressing
CTRL+V on the keyboard.

Commands can be dragged and dropped from the Editor Window or the Watch Window into the
command entry box of the Terminal Window.

If more detail is needed about a command type it into the command entry box and press the F1
key on the keyboard.

Motors can be killed by clicking on the command entry box and pressing CTRL+ALT+K on the
keyboard.

To save the whole contents of the Terminal Window,

¢ Right-click the window and then click Properties =Control =Save Buffer to File.

e Contents can also be copied to the operating system’s clipboard by clicking Properties
- Control =Copy Buffer to Clipboard.

e To clear the contents of the Terminal Window, click Properties =Control =Clear Buffer.
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There are more properties that can be modified by right clicking the window and then clicking
Properties =2Control = General which will open this screen:

. Terminal Window - Control Properties X

CEPAN:Y
o= | 21 | Apply
> | Communication.

Echo Mode 0

Show Response Tim False
* Control Properties

11

Commands 00
Terminal Buffer Line 132000

Communication

In the “Communication” box, there are two fields:

e “EchoMode” indicates how and if information is echoed back to the Terminal Window after
issuing a command; see the command labelled echo{constant} in the Power PMAC
Software Reference Manual for more details.

e “ShowResponseTime” [True/False], when set to True, will show how long [msec] Power
PMAC took to reply after receiving a command from the host. It also lists how many
characters will be received. When this option is set to False the Terminal Window uses
asynchronous communications when talking to Power PMAC; that is the window sends
commands to Power PMAC via one thread and receives the responses from Power PMAC
on another thread. When ShowResponseTime is True the Terminal Window switches to
synchronous communication sending commands to Power PMAC on one thread and then
waiting, in the same thread, until Power PMAC finishes responding before the Terminal
Window will show the response time.

In the “Control Properties” box there are three fields:

e The “Commands” field indicates the number of commands which were previously typed into
the Terminal Window. Commands can be scrolled through using the up and down arrow
keys on the keyboard.

e ‘“LogAllMessages” [True/False], when set to True, will cause any error messages that the
Terminal Window generates to report to the Delta Tau Log window (see IDE Layout section
for the location of this window). These errors are from the IDE itself and not from Power
PMAC.

¢ ‘“TerminalBufferLines” specifies how many lines the Terminal Window will store before
cycling them out; that is, the oldest commands are cleared out and the new commands are
added in as they are entered.
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To change the colour scheme and fonts of the window right-click the window and then click on
Properties =Ambient. This window will pop up:

224 |

Apply
“ Appearance
Font Microsoft Sans Senf, 9pt

* Text Appearance
Command Backgrou [ | White
Command Fureqmur- Black
Response Backgrou ll Navy
Response Error Colc Bl Red
Response Normal Ci[__] White
Response Typed Ca[_] GradientActiveCaptic
System Message Co[_] Yellow

Command Background Color
Set background color for command window

In this window the text’s font and the colours of various types of commands, and responses, can
be changed as desired.

One or more commands may also be input by selecting them in a text file, whether from the
Editor Window or an external program (e.g. Notepad or Microsoft Word) and drag-dropping
them into the command text box of the Terminal Window.

Position Window

The Position Window in IDE version 4.2 and above combines the position, velocity and following
error for the motors into a single view, as shown below:

Position #~ 0 X
Position Velocity Following Error

#1 -430,762.348 mu 0 mm / sec Omm *

#2 0 mu 0 rev/ sec 0 rev

#3 0 mu 0 mu/ sec 0 mu

=4 0 mu 0 mu/ sec 0 mu

5 0 mu 0 mu / msec Omu

Click setting # icon to change the parameters. The following image shows the possible
settings.
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.
Mokoes i 4 Add or remove motor to display
Eg.1-5812
Update Period: ¢ 0] » ms _% Change display update period.

(N E éi Position window appearance

default horizontal, vertical

FE Choose columns to display.
Default all three columns.

To change motor position unit, select the motor position cell and right click. See the image

below.

Position &3 Xx

Position Velocity Following Error

0 mm / sec Omm *
S o . Z Change unit
£ P
24 mm um nm
5 pm in (in/1000) Change
el
rev rad deg number Of

Motor scale factor if L grad arcmin
user units are not — 1/ motor units
used (Motor[x].PosSF) / Decimal Places: [

X  Remove Motor

digits after

//| decimal point
3 00

-0
_rg\ Remove motor

To change motor velocity unit, select the motor velocity cell and right click. See the image

below.
Postion o~ Ix
Position Velocity following Error

:: SIS M L Change unit

s L mu (nene) o m

L) 0mu

“ Omu = = o Change

Pﬂ = = " S number of

= = ) digits after
Motor scale factor if ~_| ™ e o decimal point
user units are not ]
used (Motor[x].PosSF) mec e min
Decimal Places: %5 0
‘ X Remove Motor g Remove motor

Menus

To change motor following error unit, select the motor following error cell and right click. See the

image below.
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Position e Ix
Position Velocity Following Error

2 430,762.348 mu 0 mm/ sec o

2 Omu 0 rev/sec

s

Change unit

O mu/sec

my
2 Omu 0O mu/sec
my

Change
number of

25 0 mu/ msec

rev ad deg s
- digits after
Motor scale factor if ” o gt .
. Lo decimal point

user units are not -
used (Motor[x].PosSF)

Decimal Places:

X Remove Motor Remove motor

If the User Unit block from Motor topology is used to set the units, then
== the user will not be able to change position, velocity or following error
ot units and scale factor for that motor and it will be greyed out.

ote

Watch Window

Commands and variables can be added into the Watch Window to monitor their value at the
specified rate. By default, the Watch Window consists of two columns as shown below:

Watch Window
Command/Query Response
Sys.ServoCount 231535044

“Command” column repeatedly. Only safe commands should be sent. To
add commands to the “Unsafe Commands List” click * and select Edit
Unsafe Commands. Some examples of typical unsafe commands are Kkill,
$$$, save, out, etc.

: If a valid command is input the IDE transmits the command typed into the

Caution

Click in the text entry box underneath “Command/Query” and type the command or variable
name required to monitor and press Enter. The response, if there is one, will be shown in box
underneath “Response.” If the response returns an error, then the command will not be sent in
the next update cycle.

The Default entry in the watch table is Query. Commands can also be sent to the Power PMAC
from the Watch Window.

To change a default Query into a Command, follow the sequence shown in workflow below.
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Here p411 is a default Query. Using this workflow this will be converted to command of p411 =

5.
Command/Query Response Hoover the mouse over three vertical . (dots) or
command/query and response separation line

panl I 0 Then dots will turn into command. Default is query.
Command/Query Response Click on C to turn cell into command | :
Gt ]
Command/Query Response Use edit icon and click to edit command |
NEE ]
Command/Query Response Text cell will turn into button (Gray) and

pal1=5 | response window will be blank.

To convert back from a Command to a Query follow the same workflow in reverse.

Now that the Command is a Query remove the ‘= 5’ from the entry.

Commands can be drag and dropped from the Editor Window, the Terminal Window, or a text
file from an external program (e.g. Notepad or Microsoft Word) into the command entry box of

the Watch Window.

Multiple commands may be dragged and dropped into a Watch Window command row box to

create many new entries at once.

To change watch window settings click # icon to open settings window.
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Popup screen

Icon

Description

E

Update Period: ¢ 1000 » ms

© L] )

7]

Editfnsafe Commands

Change display update period

Respone time On/Off

Comment colun On/Off

Format identifier On/Off

Echo On/Off

Lock/Unlock the watch table

Export Watch table entries

Import watch table entries

e Response Time On/Off: When on, this will show how long [msec] the Power PMAC took to
reply after receiving a command from the host. It will also list how many characters will be

received.

e Comment Column On/Off: When on, this will show an additional column in the Watch
Window in which personal notes can be added to annotate that row as shown in the

example screenshot below:

Watch Window

#v QX

Sys.ServoCount

Command/Query Response Comment
246067649 Servo Count

e Format identifier On/Off: This indicates the type of formatting on the received response, as
shown below:

T
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Watch Window #~ 0 X
Command/Query Response
Sys.ServoCount 246573077 =
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e Echo On/Off: This indicates how, and if, information is echoed back to the Terminal Window
after issuing a command; see echo{constant} in the Power PMAC Software Reference
Manual for more details.

o Import Watch Window entries: This enables the User to import the Watch table previously
saved and loads it into the Watch window.

e Export Watch Window entries: This enables the User to export the Watch table current
entries into a file.

Right clicking on any row will display the context menu shown below.

Response formatting
None Integer Float 5
option

Binary Hex Octal
R SelectAll cmm% Select all the rows l

Move Up Alt+
Move Down t j Move row up or down I
# Edit
X Delete Del J <‘I Edit row
Command/Query Help Delete row
T——

[
\l Select help for element |

Move up/down:

From this context menu the User can move the selected row up or down by clicking on the
‘Move Up’ or ‘Move Down’ entry in the context menu.

The User can also move a row up or down using the mouse. To do this the user needs to select
the row by clicking on it, move the row by holding down the left mouse button and dragging the
row to the new position. The User can also select multiple rows them in the same way.

When dragged, a green line will show where the row/rows will be inserted. In the example below
the row with P41 is selected and will be moved in between p40 and p43, as shown by the green
line indicator.

When the User removes their finger from the mouse button P41 is placed in between p40 and
p43.

p40 0
pd3 0
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Formatting Option:

There are Five formatting options available on the context menu.
Selecting the required formatting will dynamically change the necessary formatting parameters.

For any of the formatting options, select a row and then right click on the response section to
open the context menu.

Choose the required format option from the following list:

Integer: This format will force the number to be a whole number. Enter a scale factor for the
data in the “Scale” box if desired

None Integer Float
Binary Hex Octal
Scale: 7z 12

%k Select All Ctrl+A
Move Up Alt+1

Move Down Alt+1

Edi
Delete Del

XN,

Command/Query Help

Binary: This format will show the number as a sequence of bits indicate by Os and 1s. Enter a
scale factor in the “Scale Factor” box and, if required, a numerical mask in the “Mask” box:

None Integer Float

Binary Hex Octal
Scale: 7 1A
# of bits to display: = 2
Starting bit index: | = 0w

Add "," after every 4 bits

&k Select All Ctrl+A
Move Up Alt+1
Move Down Alt+1
Edit

Delete Del

XN,

Command/Query Help

The number entered in the “Mask” box needs to be in hexadecimal format preceded by the
symbol “Ox” (without the quotation marks). The IDE will then bitwise “AND” this mask with the
response before displaying it in the Watch Window.

Float: This will force the Watch Window to display decimal information for this number. Enter a
scale factor in the “Scale” box and, if required, specify the number of decimal points in the
“Decimal Places” box:
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None Integer Float

Binary Hex Octal

Scale:

2

192

%

Decimal places:

Select All
Move Up

00 00
>0 3%
Ctrl+A

Alt+t

Move Down

Alt+4

Edit

4
X  Delete Del

Command/Query Help

Hex: This format will force the number into a hexadecimal format. Enter a scale factor into the
“Scale” box and, if required, also a mask in the “Mask” box:

None Integer Float
Binary Hex Octal
Scale: 7 18
Mask: OxFFFFFFFF
% Select Al Ctrl+A

Move Up Alt+1
Move Down Alt+L
#  Edit
X  Delete Del
Command/Query Help

The number entered in the “Mask” box needs to be in hexadecimal format preceded by the
symbol “0x” (without the quotation marks). The IDE will then bitwise “AND” this mask with the
response before displaying it in the Watch Window.

Octal: This format will force the number into a base-8 numerical format. Enter a scale factor in
the “Scale” box and, if required, a numerical mask in the “Mask” box:

None Integer Float
Binary Hex Octal
Scale: P 192
Mask: OxFFFFFFFF
R Select Al Ctrl+A

Move Up Alt+1
Move Down Alt+L
#  Edit
X Delete Del
Command/Query Help

The number entered in the “Mask” box needs to be in hexadecimal format preceded by the
symbol “Ox” (without the quotation marks). The IDE will then bitwise “AND” this mask with the
response before displaying it in the Watch Window.

Safety Notes

As previously stated, if a valid command is input the IDE transmits the command typed into the
“Command” column repeatedly. Only safe commands should be sent. To add commands to the
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“Unsafe Commands List” click # and select Edit Unsafe Commands. Some examples of
typical unsafe commands are kill, $$$, save, out, etc.

If an invalid command is transmitted, the Watch Window will only transmit the command once
and then the invalid response will be highlighted in red and will remain in the response area of
the Watch Window. This will not be transmitted again.

Note that there is a structure called Sys.NoShortCmds which will force the user to input the full
name of online commands.

If Sys.NoShortCmds=0 then commands such as #1k can be used to kill motor 1.

If Sys.NoShortCmds=1 the full name of the command must be used like #1Kkill to kill motor 1.
This feature can be useful; for example, if an invalid variable name is typed containing a k (as in
the kill command) or r (as in the run command) or j (as in the jog command) or a (as in the
abort command) then the Watch Window will transmit that invalid variable name and the Power
PMAC will parse it and try to execute whatever command it can recognize within the invalid
variable name.

For example, if a invalid variable named “MyVar” is not declared in the entire project, or was
formerly declared but is now deleted, is added to the Watch Window or transmitted in a string
from the HMI program communicating with the Power PMAC, the Power PMAC will interpret this
as first an abort command because of the a in MyVar and then as run command because of
the rin MyVar.

Status

The Status Window contains four tabs which each give the status of a different set of
information:

Motor Status

The first tab is the Motor Status tab which gives status information about motors. Each status
field name listed in the Description column comes from a motor status structure. The full name
of the motor status structure starts with “Motor[x].”, where x is the motor number, and ends in
the name listed in the Description column of the Motor Status Window. For example, in the
Description column, the first entry is Trigger Move, which corresponds to the
Motor[x].TriggerMove structure. For example, for motor 1 this is Motor[1].TriggerMove.
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Motor Status  Coordinate Status  Global Status  MACRO Status

Motor 1 = ® Motor not activated

Description Status Description Status

False 12tFault False
AmpFault False InPos False
AmpWam False LimitStop False
AuwFault False MinusLimit False
BIDir Plus PhascFound False
BlockRequest False PlusLimit False
ClosedLoop False Softlimit False
Csolve False SoftLimitDir Plus
DacLimit False SoftMinusLimit False
DesVelZero False SoftPlusLimit False
Encloss False SpindleMotor False
FeFatal False TraceCount 0
FeWam False TriggerMove False
GantryHomed False TriggerNotFound False
HomeComplete False TriggerSpeedsel MaxSpeed
HemelnProgress False

The user can select which motor to monitor the status by typing the motor number into the box
next to the “Motor” label as shown below:

Motor 1 = ® Motor activated

The dot to the right of this box shows whether the motor is activated: when green, the motor is
activated; when red, the motor is not activated.

Coordinate Status

The second tab is the Coordinate Status tab, which gives status information about Coordinate
Systems.

Status: Online[10.150.168.2: *A8 X
| Global Status  MACRO Status
Coordinate System 0 =
Description Status Description Status -
AmpEna False LookAheadActive False
AmpFault False LookAheadChange False
AmpWarn False LockAheadDir Forward
AuxFault False LockAheadFlush False
BlockActive False LookAheadLookBack False
BlockRequest False LookAheadReCalc False
BufferWarn 0 LookAheadStop False
CC3Active False LookAheadWrap False
CCAddedArc False MinusLimit False
CCMode Off MoveMode LineCircle
CCMoveType Dwell PlusLimit False
CCOffReq False ProgActive False
ClosedLoop False ProgProceeding False
ContMation False ProgRunning False
Csolve False SegEnabled False
DesVelZero False SegHaltReq False
Encloss False SegMove Off
EndDelayActive False SegMoveAccel False
ErrorStatus NoError SegMoveDecel False
FeedHold Off SegStopReq False
FeFatal False SharpComerStop False
FeWarn False SoftMinusLimit False
HomeComplete False SoftPlusLimit False
HmalnDrnnrare Fales TimmarEnahlad Falea e
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Each status field name listed in the Description column comes from a Coordinate System status
structure. The full name of the motor status structure starts with “Coord[x].”, where x is the
Coordinate System number, and ends in the name listed in the Description column of the Motor
Status Window.

For example, in the Description column, the first entry is TriggerMove, which corresponds to the
Coord[x].TriggerMove structure. For example, for Coordinate System 1, this is
Coord[1].TriggerMove.

The user can select which motor to monitor the status by typing the motor number into the box
next to the “Coordinate System” label as shown below:

Coormdinate System 1 =

Global Status

The third tab is the Global Status tab, which gives status information about configuration
settings which affect the Power PMAC globally:

Status: Online[10.150.168.238:55H] * O X
Motor Status  Coordinate Status
Global Status
Description Status Description Status
False HWChangeErr False
BufSizeErr False MNeClocks False
ConfigLoadErr False ProjectLoadErr False
Default False PwrOnFault False
FileConfigErr False WOTFault MoFault
FlashSizeErr False

Each status field name listed in the Description column comes from a System status structure.
The full name of the motor status structure starts with “Sys.” and ends with the name in the
Description column. For example, the first entry in the Description column is “NoClocks,” which
corresponds to the Sys.NoClocks structure.

MACRO Status

The fourth tab is the MACRO Status tab, which gives information about MACRO communication
if MACRO is being used with this system.
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Status: Online[10.150.168.238:55H] v [ X
Motor Status  Coordinate Status  Global Status M i
Ring Number-0 = Station Number- 0 Type:  Power PMAC Ring Ce
Description Status Description Status
Active False ErrorsFault False
AsciiCmdOn False MacroServoSync False
AsciiCmdRdy False Master False
AsciiCom False PwrOnErrCntr 1]
AsciiRespRdy False RingBrkStationNum MNone
AuxSlaveConfigFault False RingError False
BrkDetected False SynchFault False
BrkMsgSent False SynchMaster False
BrkReceivd False TestEnabled False

Each status field name listed in the Description column comes from a MACRO status structure.
All of the entries in the Description columns except for PwrOnErrCntr and RingBrkStationNum
come from the Macro.Status[x] structure tree, where x is the ring number, which ranges from 0
to 3. For example, the first entry is Active, which for ring 0 corresponds to the structure
Macro.Status[0].Active. PwrOnErrCntr and RingBrkStationNum correspond to
Macro.RingTest[x].PwrOnErrCtr and Macro.RingText[x].RingBrkStationNum, respectively,
where x is the ring number, which ranges from 0 to 3.

The user can select the ring number by typing the number into the box labelled “Ring No” as
shown below:

Ring No: 0 = Station No: |0 = Type: Power PMAC Ring Controller

The user can select the station number by typing the station number into the box labelled
“Station No” as shown above.

The “Type” label indicates the MACRO Station type of the device with which the Status Window
is currently communicating. Typically, this will be a Power PMAC Ring Controller, but it can also
be a Power PMAC Master and not necessarily a Ring Controller, depending on how the
controller is configured.

EtherCAT Status

The EtherCAT Status tab, which gives status information about EtherCAT configurations. Each
status field name listed in the Description column comes from a EtherCAT status structure. The
full name of the EtherCAT status structure starts with “ECAT[0].” and ends with the name in the
Description column.

For example, the first entry in the Description column is “AllIDevsOperational” which corresponds
to the ECAT[0].AllDevsOperational structure.
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Status *ax
Motor Status  EtherCAT Status | Coardinate Status | Global Status | MACRO Status
EtherCAT Status

Description Status Description Status. -
AllDevsOperational False ReserveStatus| False

BadConnection False ReserveStatus10 Fakse

CycCmAWKCET False ReserveStatus11 False

EcatlinkConnected False ReserveStatus12 False

EcatLinkNotConnected U Reservestatus12 False

FrameLossAfterSlave False ReserveStatus14 Fakse

FrameResponseErr False ReserveStatus15 False

HCTopoChgDone U Reservestatus1s False

IncRedChange False ReserveStatus17 Fakse

LineCrossed False ReserveStatus13 Fakse

MaslnitCmdResErr False ReserveStatus19 False
MasterRedStateChanged False ReserveStatus2 False

MbxFocFilDownload False ReserveStatus20 Tue
MbxFocFileUpload False ReserveStatus21 Fakse

MbxSdoDownload False ReserveStatus22 False

MbxSdoUpload False ReserveStatus23 False

NotAllDevsOperational False ReserveStatus24 False

PDIWatchdog False ReserveStatus25 Fakse

RasAckErr False ReserveStatus26 Fake

RasConnection False ReserveStatusd False

RasMarshalErr False ReserveStatusd False

RasRegister False ReserveStatus3 Fakse

RasUnRegister False ReserveStatus6 Fakse

RedundantLineBreak False ReserveStatus7 False

RedundantLineFixed False ReserveStatusa False

Reserverr] False ReserveStatusd Fakse -

Error Display

The Error Display window displays all errors that Power PMAC reports and appears as follows:

Power PMAC Error * A X

Select Device to start communication

This window starts the background process “geterrors” in Power PMAC. This window reports
not only errors, but also certain status updates which Power PMAC reports.

Right clicking the window and going to Properties =Control =Clear Errors will permit the user
to clear all the information presently shown in the Error Display window:
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Power PMAC Error

Select Device to start communication

|| Properties 3 | Ambient

| Control

s | General

| Clear Errors

Going to “General” opens a screen containing several properties of the Error Display window:

. Error Window - Control Properties X
%Ei 2l | A
=~ pply

~ Communication -
Update Period 100

* Control Properties _
Log Errors True
Log filepath C:\Users\sumit pilankar\/ | ~

¥ Mask Words -
Custom Motor Mask 0000000000C0O1FFD -
Custom CS Mask  0000000000201FFC
Custom Global Mask 00000000FFFFFFFF
Custom MACRO Mas 000000000000001E

Update Period
Set Display Update period in msec. Minimum 100
msec.

Set display update period in msec

Field is used to log Power PMAC Errors

Used to store the file path

Indicates which motors whose errors to check.

Indicates which coordinate systems whose errors to check
indicates which global errors to check

indicates which MACRO errors to check.

The user can change the colour scheme and fonts of the window by right-clicking it and then
clicking on Properties =@Ambient, which opens this screen:

* Text Appearance
Background Color [ ] White
CS Error Color B OrangeRed
Global Error Color [ Red
MACRO Error Color [l Navy
Motor Error Color  [lll Maroon
System Message Colll Black

Background Color
Set background color.

. Error Window - Ambient Properties X
W=l A
[OE .f'-'l' | APPW
~ Appearance
Font Microsoft Sans Senf, 9pt
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Power PMAC Unsolicited Messages

The Power PMAC Unsolicited Messages window displays messages sent to the host computer
from Power PMAC over the eight Unsolicited Response ports (Ports 0 — 7):

Power PMAC Unsolicited * A X
Buffer # Type the message you want to send to the Power PMAC Send
Buffer 0 ~

Unsolicited received messages

Welcome to Power PMAC Unsolicited Control
Select Device to start communication

These messages can be sent from a C program using the Send() function or from a Script
program using the SEND command. The host PC can also send messages to Power PMAC
through these ports. Upon opening this window, the “sendgetsends” process starts on Power
PMAC, which receives all the messages. In the IDE, Port 0 is enabled at startup; Ports 1 — 7 are
disabled.

After sending a command from the host to Power PMAC, the status of the port must be
checked. Possible status codes include the following:

0 means “Command sent OK”

1 means “lllegal Command Format”
2 means “Port Busy”

3 means “Port Full”

The user can clear the messages by right-clicking in the window and selecting
Properties=> Control2> Clear Messages:
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PowerPMAC Unsolicited: Onling[10.1530.168.237:55H]
Buffer # Type the message you want to send to the PowerPMAC
Buffer 0 -
ﬂ Properties  » Ambient
Control 3 General
Clear Messages

Y TV ek ) SN | 7erPIIAC Unsaliced: Onfine[10.150.168.237:55H]

Selecting “General” opens a window containing several properties of the Unsolicited Messages
window:

. Unsolicited Window - Control Proper.. >

Apply
~
Buffer0 True <—Buffer0, when True, will cause the window to read messages on
Buffer False <—Buffer1, when True, will cause the window to read messages on
Buffer2 False <—— Buffer2, when True, will cause the window to read messages on
Buffer3 False <«—Buffer3, when True, will cause the window to read messages on
Bufferd False <—Buffer4, when True, will cause the window to read messages on
Bufferd False <—Buffer5, when True, will cause the window to read messages on
Buffers False <4— Buffer6, when True, will cause the window to read messages on
Buffer? False <4—Buffer7, when True, will cause the window to read messages on
*~  Communication
Update Period 100 <€— Update Period indicates the refresh period of this window in
~ Control Properties
Activate Send Port  True <€— Activate Send Port, when True, permits the PC to send message to Power PMAC via
Log File Path C\Users\sumit pilank: <€——Log file path indicates where the log file is stored (see below)
Log Unsalicited True JE— Log Unsolicited, when true, will log this window’s contents in the file at
e 1 P B ) <4——Send Port Number indicates which port the PC should use for sending
Activate Send Port messages to Power PMAC
Set true to enable messages to be sent to Power
PMAC

Each bit of the “mode word” Sys.SendFileMode can be set to 1 to enable or to 0 to disable
sending and receiving ASCII strings on each port. Each bit in this 8-bit word represents one
port. For example, to enable all ports set Sys.SendFileMode=$FF. To enable just Port 0 set
Sys.SendFileMode=$1.

Selecting “Ambient” loads the following window where font and colour can be chosen for each
Port’s text:
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. Unsolicited Window - Ambient Prop... X
Apply
*  Appearance -~
Background Color [ ] White
Buffer0 Color B Bilue
Buffer1 Color - Green
Buffer2 Color B Marcon
Buffer3 Color [ ] vellow
Buffer4 Color ] Orange
Bufferd Color B saddlieBrown
Buffert Colar Il Navy
Buffer7 Color I Magenta
Error Color B Red
Font Microsoft Sans Senf. £ w
Background Color
Set background color

Jog Ribbon

Please make sure the selected Motor to Jog matches with Axis (If
S defined).

Jog Plus or Jog Minus moves motors.
Note

The jog ribbon permits the user to jog motors or axes individually. A jog move is simply a point-
to-point, constant velocity move. If the user wants to jog one motor in motor units, click on the
“Jog Motor” command.

Jog Ribbon *aXx
g Motor Jog s
Select Motor Jog Operations Other Operations
Mator | 4 @ v JogTo (9 JogPlus (5) JogMinus (@ HomeZ o

0 {:Ims :Jog\n(remenla\y® (] @
Sop () Increment Size
0 'ms
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Item No | Description

1 Select the motor to jog

2 Jog to a specified absolute location

3 Specify the location in motor units to which to jog when using the “JogTo” button
4 Closed loop stop jogging. Equivalent to a J/ command.

5 Jog in the motor’s positive direction continuously while held

6 Jog in the motor’s negative direction continuously while held

7 Check to jog incrementally, not continuously

8 If “Jog Incrementally” is checked, input the distance to jog here
9 Zeros the motor’s position

10 Deactivate the amplifier channel corresponding to this motor

Encoder Conversion Table

The Encoder Conversion Table (ECT) window is for setup purposes and should only be used by
advanced users. Its purpose is to configure the fields within the EncTable[x] structure. The main
tab of the ECT window appears as follows:
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Table Entry Number | 1 1 3
Typo 2
11: Floating-point read
Edit  Stucture Element
ECT entry 1 details
First Entry 3) 1 Secondenty (5
Scale Factor 4 1525878006256 Intograte? 6 Once
Integrator Bias Term | 7 0
Limited Quantity 8 None
Limit Magnitudo 9 0
Number Type pEnc pEncl MaxDelta
1 11 Motor{1}laCmd.a Sys pushm 0
2 0 0
Select Device to start communication
Gotting updated values of ECT entries from Power PMAC
Getting updated value of ECT entry 1 from Power PMAC
90!309 updated value of ECT ontry 2 from Power PMAC
Item No Description
1 Selects which entry number to use
2 Selects the type of ECT entry
3 Select first entry
4 Enter or select the scale factor
5 Select second entry
6 Selects whether to integrate the entry or not
7 This box selects the bias term for the integrator; only enabled when “Integrate?” is Yes
8 Select whether to limit the magnitude of certain quantities
9 Specify the maximum magnitude of the quantity to limit
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Edit  Structure Element
ECT entry 2 details

Source Address | 1 1

LSBBit # 2 8

# of Bits Used 3 32 =

Result Units per LSB | 4 10
Number Type pEnc pEncl MaxDelta
1 11 Motor{1].lgCmd.a Sys.pushm 0
2 0 0

Item No | Description

1 Selects the source address for this entry’s input data

2 Selects the least significant bit of the input data

3 Selects the total # of bits of input data

4 Displays the scale factor by which the input data gets multiplied

The user can refresh the information on this window by right-clicking and selecting

Properties = Control =2Refresh:

Properties » Ambient
Control ’ General
I Refresh
pEncl Clear Messages
Sys . pushm 0

If the user selects “Clear Messages,” the information in the output area at the bottom of the

window will be cleared.
Selecting “General” will open a dialog with properties for the ECT window:
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‘ ECT Setup Window - Control Properti.. X

B34 ‘

22| L Appw — . L ;

v . UpdatePeriod is the refresh period of this window in
Communication milliseconds
UpdatePeriod 100

¥ Control Properties LogAllMessages, when true, will cause debug messages, such
Log All Messages  True as errors and exceptions) from the ECT window to be printed in

the main Output window of the IDE (the Delta Tau Log window
ShowEncoderZero  False p ( g )

ShowEncoderZero, when true, will treat Motor 0’s encoder as
Log All Messages a real encoder, permitting the user to use ECT entry 0 as a

standard entry. By default, Motor 0 is a “phantom motor,” and
Log all debug messages as such its associated ECT entry is not treated like a standard
entry by default.

To change the font colours and sizes Click “Ambient” as shown below:

. ECT Setup Window - Ambient Proper... X
2=z | A
#=2 .ﬂ‘l’ | Apply
“ Appearance
BackColor [ White
Font Microsoft Sans Senf, 9pt
ForeColor - Black
BackColor
Set Background color

Clicking the “Power PMAC Structure” tab shows the following:

This tab displays all the fields of the EncTable[x] structure which can be configured through this
tab. Type the value for the modified field set. For more detail on what each field does please
refer to the Power PMAC Software Reference Manual.
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Edit Structure Element
ECT entry Details
pEnc PrevEnc Index5
pEnci PrevDelta Index6
Index1 MaxDelta
Index2 DeltaPos
Index3 SinBias
Index4 CosBias
ScaleFactor Counter
Number Type pEnc pEncl MaxDelta
1 11 Motor{1].lgCmd.a Sys_pushm 0

Update Firmware

Standard Firmware Download Procedure.

A The latest released version of the Power PMAC firmware should always be
& used, if the application permits

Note

To install the latest firmware, click on Power PMAC—> Update Firmware:

Power PMAC EtherCAT Window Help
Communication Setup
Terminal

Position

Watch

Status

Power PMAC Error

Power PMAC Unsolicited
Jog Ribbon

Power PMAC Messages
Encoder Conversion Table
MQTT

OPC UA

BOHIOEPLIRON

Tools >
Troubleshooters >
Update Firmware

Install Package

Device Imaging

5 le e

Backup Restore
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On clicking, the Firmware dialog will be opened. This is the improved view in comparison with

the previous Ul.

Device Information: Displays firmware information about the currently connected Power PMAC.

Progress: Displays the progress of the Inspect firmware or update firmware.

There are three buttons:

Select File: Allows the user to select the firmware file.

Update Firmware > ax

i Please do not power cycle or change the device or close the
*" firmware update dialog while update is in progress.
Device Information

CPU: arm,LS1021A

Type: POWER PMAC UMAC
Firmware Version:  2.5.5.40

Firmware Date: Mar 13 2020

Operations

Select File...

nspect

Update

Inspect: This button will inspect but not update the CPU compatibility and file compatibility. If the

file is not compatible it will be marked and display the appropriate error like this...

Please do not power cycle or change the device or close the
*" firmware update dialog while update is in progress.

Device Information

CPU: arm,LS1021A

Type: POWER PMAC UMAC
Firmware Version:  2.5.5.40

Firmware Date: Mar 13 2020

Operations

Select File... powerpmac_460ex.deb

nspect
Update
Progress
1. Downloading file to PowerPMAC v 4
2. Checking package compatibility x
3. Checking package firmware version

4. Checking package firmware date

The Firmware file selected does not match the CPU architecture of
the Device.

Update Firmware a8 x
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Update: On clicking the button, it will show the dialog, informing the user that it is
recommended to issue the $$$*** command to bring Power PMAC to a factory reset condition.

Update Firmware... K

| Updating the firmware will reset the PowerPMAC to factory settings. Continue?

Yes Mo

Clicking Yes will continue updating the Firmware. No, will abort the FW update and now the
user can save the current Power PMAC state before updating the firmware. Please monitor the
progress box for update process progress. On success the Device Information dialog will
refresh to display the new firmware version and date.

Please do not Power Cycle, Reboot, change device or close the Firmware
Update dialog while the update in progress. Any attempt to do so will result in

the board malfunctioning.
Caution

Install Package

As the name suggests, this dialog allows the user to update the Linux packages in case of
factory recommendations.

This dialog is mostly useful if the FW requires small patch updates rather than full firmware
upgrade.

Select the option from Power PMAC - Install Package, like...

Power PMAC | EtherCAT Window  Help
Communication Setup

Terminal

Position

Watch

Status

Power PMAC Error

Power PMAC Unsolicited

Jog Ribbon

Power PMAC Messages

Encoder Conversion Table

B9 HOCEPERIE S

MQTT

OPC UA

Tools »
Troubleshooters [

Update Firmware

1€ e

Install Package
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On selecting, the menu Install package dialog opens as shown below...

Ins

tall Package

Please do not power cycle or close the

install package dialog while installing is

Operations

Select File.

Install

in progress.
tuneupdate.deb '

Install Pack:

age

Please do not power cycle or close the
§, install package dialog while installing is

in progress.

Operations

 Install package successful

Select File.

Install

tuneupdate.deb

v

Select the package file (.deb) and press Install to install the package. On success it will be
marked, and status will display the successful update message.

Backup Restore

The Backup Restore window has four tabs: Backup, Restore, Verify, and Recovery Disk.

Backup Page
The “Backup” page looks like the following:

To back up a previously saved project on the Power PMAC, select an usrflash.x from the list
and click on proceed. The backed file will be in .tar format.

If the previous restore points are occupying large space in Power PMAC and the save process
fails due to lack of space on the Hard Disk, then the user has the option to delete previous
restore points to free space on the Hard Disk by clicking the X button in the Delete column to
delete an usrlfash.x.

Note that Power PMAC automatically creates a restore point every time the save command is
issued.

Power PMAC IDE User Manual 77



Menus

Backup Restore * 0O X
Device Information
CPU: arm,LS1021A Kernel:  4.1.18-ipipe Firmware: 2.7.1.0
Backup Restore Verify Recovery Disk

The following will be backed up: Power PMAC Firmware, Project, Setup Parameters, Kernel Partitions and Network Settings

[] Save Power PMAC Active Parameters
\ Specify whether to save the

active settings or only saved

@ Usrflash Management : Delete userflash if save fails because of no available space

Name Size Date Time Delete

usrflash.1 1.4M Jan 14 X
usrflash.2 2.3Mm Jan 16 X
usrflash.3 2.2M Jan 14 X
usrflash.4 2.4M Apr 7 X
usrflash.5 1.9M Jan 1 x

List of previously saved projects
on Power PMAC

| Proceed | | Abort |

Pressing X (Delete) displays the following dialog:

f "~ 1 The project restore point usrflash.4 will be removed from hard disk. Are
&' you sure you want to delete the restore point?

Note:

1. For the CPU type “x86, Hypervisor” there is no need for previous restore points and
therefore are not listed in the above screen.

2. The Disk Image option is not needed and therefore is hidden from the main screen when
communicating to a CPU type “x86, Hypervisor.”
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Restore Page
Clicking on the “Restore” tab shows the following screen:

Backup Restore O Xx
Device Information
CPU:  arm,LS10214 Kernel:  4.1.18-ipipe Firmware: 2.7.1.0
Backup Restore Verify Recovery Disk

@) From tarfile
/| Power PMAC Firmware, Project, Setup Parameters and Kernel Partitions
[] Network Settings

() From usrflash memory
| Project

Browse .tar File

Menus

There are two ways to restore a project to the Power PMAC. From a backed-up project tar file or

directly from backed up projects in the Power PMAC (From usrflash memory). For a “X86,

Hypervisor” type pf PMAC, the “From usrflash memory” restore is not available since there are

no previously saved restore point.

When restoring from a .tar file, the user has the choice to restore the network settings by

clicking on the Network setting option.

Select a backup file by clicking on browse and then click on proceed which will restore the

project to the PMAC.

By selecting from usrflash memory, the user can select from one of the previously saved

projects on the power PMAC to restore.
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Backup Restore
Device Information
CPU:  arm, LS10214 Kernel:  4.1.18-ipipe Firmware: 2.7.1.0
Backup Restore Verify Recovery Disk

) From .tarfile

/| Power PMAC Firmware, Project, Setup Parameters and Kernel Partitions

Network Settings

(@) From usrflash memory

/| Project
Name Size Date Time
usrflash.1 14M Jan 14
usrflash.2 2.3M Jan 16
usrflash.3 2.2M Jan 14
usrflash.4 2.4M Apr 7
usrflash.5 1.9M Jan 1

Proceed

Menus

If the selected drive is a shared folder on the host computer, then it requires login credentials for
that drive to mount that folder on Power PMAC before it can restore the image from the source

disk.

Clicking “Proceed” will restore the selected option to the Power PMAC.
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Verify Page
Selecting the Verify tab will show the Verify screen:
Backup Restore *O0X
Device Information
CPU: arm,L510214 Kernel:  4.1.18-ipipe Firmware: 2.7.1.0
Backup Restore Verify Recovery Disk
Verify with the Power PMAC saved configuration
Backup File (.tar)

O Added [ Removed [OChanged

This screen is used to compare either the Active or the Saved configuration in the Power PMAC
against a backup file that has been previously created. The Verify page is like project compare
page where it shows the differences between the projects and allows the users to click on the
diff file.

First a Backup tar file must be selected by clicking on the Browse button. Once the file is
selected the Verify page will be populated with the Backup file content to the right-hand side and
the Power PMAC projects (Active and Backed up) will be on the left-hand side.

Power PMAC IDE User Manual 81



Menus

Device Information
CPU:  arm,LS1021A

Kernel: 4.1.18-ipipe

Backup Restore

Recovery Disk

Firmware: 2.7.1.0

Verify with the Power PMAC saved configuration

Backup File (tar) | C:\Users\dro.ghazarian\Documents\TypicalBackup_ARM,LS1021A_4_11_2023.tar

v

h.5/Project)

| Backup 5 (/opt/pp

[ macrol6x1.tpl

[ macrol16x2.tpl

[ macrolix.tpl

[ macro2x.tpl

[ macro8x.tpl

[ macroio.tpl

[ pp_custom_save.cfg

B pp_disable.txt
B pp_inc_disable.txt
@ pp inc_startup.txt

x t
[ umacro3603928.tpl
[ umacro9603977.tpl
» D) enixml
1 Documentation
» 8 PMAC Script Language
= iec61131

O Added [@Removed Changed

[ Typ.calsackup_Akm,lmozm_-s_n_zoa

[ macro16x1.tpl

[ macrol16x2.tpl

[ macrolx.tpl

[ macro2x.tpl

[ macro8x.tpl

[ macroio.tpl

[ pp_custom_save.cfg
[ pp_custom_save.tpl

pp_disable.txt
B pp_inc_disable.txt
pp_inc_startup.txt

[ umacro3603928.tpl
[ umacro9603977.tpl
» D) enixml
1 Documentation
» 5 PMAC Script Language
0 iec61131

g

Double clicking on any file will open the file diff view.

H [L1X_PROGRANS]

s

& [RTUSRCCO0E]

7

& [PMAC_BUFFERS]

S TableBufsize-1048576
10 UserBufSize-1048576
11 LookaheadBufSize-16777216
12 Programbufsize16777216
13

18 [CPU_AFFINITY]
15 rtpmac_main<g

/optippmac/ usrfiash.5/Project/Configuration/ pp. defaulini Ci\lUsers\dro.ghazarien\ AppData\ Local Temp\PowerPMAC\mp6dS\opt| ppmac usriesh) Project Configuration)pp, defaultini
1 # This section loads a1l Power PHAC programs & is run through the pre-processor/CadProcessor. It is a sample | 1 # This section loads all Power PHAC programs & is run through the pre-processor/CdProcessor. It is a sample project ca
2 [PHAC_PROGRANS ] PROGRAS |

2 [pmac_
3
4 [LINUX_PROGRANS]
s
& [RTUSRCCODE]
7
4 [Pac_surFERs]
5 TableBufSizes1048576
10 Userbufsize-1048576
n BufSizes16777216
3 PRI

[cm mmmq

//'//// LI // AN //// 227777

////////////////////////////////////////////////

]
///// 7 /////////////// L riiiiiiziiziziszziddzddd

/////////W//// .
-
-
- % _

x - V% /////////////////////////////////////////////////////// o
35 [CUSTOM_CONFIG_FILE) 20 [CUSTOM_CONFIG_FILE]
:; [racao_sTarzons) Zg {macho_sTaTIONS)
l::mw‘v‘:d 7] Added Help e '
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Recovery Disk Page

Clicking on the “Recovery Disk” button shows the screen below:

This is used to create a recovery disk that can be saved to a USB or SD drive for restoring

Menus

various settings on Power PMAC. The user can select any combination of Firmware, Power
PMAC Network Settings and Saved Project Options

Selecting Firmware option requires a USB or SD drive to be entered into the PC operating the
IDE and the selection of a firmware file (with .deb extension) on the PC to be installed into the

Power PMAC.

For all other options a connection must be made to a Power PMAC and the USB or SD drive
should be entered into the Power PMAC.

Backup Restore
Device Information
CPU:  arm,LS1021A

Backup Restore

Verify

Target Drive  No disks found

Configuration(s)

Firmware .deb file

Kernel: 4.1.18-ipipe

Recovery Disk

/

Firmware:  2.7.1.0

Select the USB/SD drive to save the
recovery files, if one is plugged in to
the PC or PowerPMAC, depending
on the option selected

[] Power Pmac Network Settings

Browse...

[] Saved Project
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Device Imaging (Backup & Restore)

The “Device Imaging” option is available from Power PMAC Menu.

The User can use this to backup or restore the Power PMAC image.

The User is given guided instructions on how to connect to and image Power PMAC devices

using a USB cabile.

The User will be able to change the IP address at the time of restoring the image. This process
will also retain EtherCAT license information if the option is present.

When User selects “Device Imaging” a wizard style dialog will be launched and will walk the
User through the full process. This launch view is shown below:

@ PMAC Device Imaging

Device Selection

Please choose the type of device you would like to

G

CK3M

¥l

ARM CPU

Image process
progress or restore image

Step-by-step
guidance to backup

image:

CK3E

- X

e

Power Clipper

‘ | Skip > | Cancel |

Skip wizard to
go to final step

A Imaging requires the Power PMAC power to be switched off. The User needs
o to issue a Save command if needed.

Note
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Compare

Compare Motor or Coordinate System options are available from the Power PMAC Compare
Menu.

On clicking the menu, the user will have the choice of comparing motor or coordinate systems
as shown below...

Compare P @ Motors
[ Coordinate Systems
[ Gates

Motors

Clicking this option will open the motor compare dialog as shown...

Refresh Motor View

Default values

Enter Motor to compare
ompan

Motor! [Primary]  Motor2

BiSlewate 00
CaptureMode 0 0 0 0
Control[0] $c00 $c00 $c00 $c00

Coord °

DacBias 00 2000
EncType At higure: " we 2

GantrySiewRate 00

opostond (N o5 00
inPosTime 0

00

Primary Motor against other
motors will be compared

Structure Element:

Description:

Only the saved motor structure elements are compared.

User can...

-_—

View saved structure elements.

2. View the current motor structure elements against the factory default ($$$***) motor
structure elements.

3. Set any motor as primary and the other motor structure elements are compared against
the it.

4. Visually identify the differences in motor structure elements between primary and regular
motors.

5. Edit the motor structure elements and updates the Power PMAC on entering the value.

6. Copy and paste single/multiple motor structure element cells from the primary motor or
default.

7. Reset the motor structure element values to factory default with a Reset to Default

command available from the dialog.
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8. Quickly search for an element by either typing the text in the filter or picking a category
from the drop-down list.

9. Supports special custom filter. This feature allows user to customize the elements most
used. The custom filter selected as shown below...

Select Motors: 1-4 Set as Primary column | Reset to Default | Copy from Primary | Filter: Show:  All ltems From: | &
—
Command Default Motor1 [Primary] Motor2 Motor3 All items
,ﬂ) Ge " General
~
] (#) Generai Servo
e 2 S <
AbsPosSF 0.0 0.0 00 0.0 Functionality
BlHysteresis 0.0 0.0 0.0 0.0 Scale Factor
BiSize 0.0 0.0 0.0 0.0 Operating Limits
. Basic Motion
BiSlewRate 0.0 00 0.0 0.0
= Commutation
CaptureMode 0 0 0 0 Trajectory
Control[0] S0 $c00 $c00 $c00 Servo Loop
Control[1] S0 S0 S0 S0 Custom ...

On clicking custom filter, it will look for flt file. This is simple ini file format. Typical file
looks like this...

mj‘ MotorFliter fit - Notepad

File Edit Format WView Help
.Motor
Motor[x].JogSpeed
Motor[x].Jogla

User can add any motor saved structured element as shown above and save the file as
At

.Motor is the category and it is mandatory to add .Motor on top of the Motor element filter
file.

The benefit of this feature is when you have multiple motors say 10 of same type and
same feedback then you can fully setup one motor and then copy all the setting across
for selected structure element using custom filter. Typical case will be EtherCAT motor.
The custom file will be displayed in the Filter view and will be part of the list too. This will
retain for the current IDE session. It will look like this.

|SdedMo(ors 1-4 Set as Pnimary column | Resetto Default | Copy from Primary | Filter: Show: | All ltems || From: MotorFllter.fit ~ @I

10. Refresh the motor compare dialog if the values have been changed after downloading
the project.

11. View the description of every motor structure element, such as description, range, unit
and default value.

Motor compare shows only Power PMAC saved motor structure elements.
Note
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Coordinate Systems

Clicking this option will open the Coordinate system compare dialog as shown...

Enter CS to compare

Default values

Refresh CS View

Compare Coordinate
Select Coordinate Systems:  0-3 Set as Primary column | Reset to Defautt | Copy from Primary | Fiter: | Show: | All items ~ | From: ' Setup Elements ¥
Command Default 2 C C C C All Items.
Setup Elements
(@) Setup Eiements a
~ AborTimeBase 0.0 00 00 00 00
AddedDwellTime 0 0 ) ) 0
anreesrate (I 10 10 10 10
ccc 0 ) ) [) 0
ComerAccel 00 00 00 00 00
ComerBlendBp 0.0 00 00 00 00
ComeDwellBp 0.0 00 00 00 00
ComerEmor 00 00 00 00 00
ComerRadius. 0 00 00 00 00
Dprog 1003 1003 1003 1003 1003
BtinPosBits 0 0 ) ) )
FeedHoldSlew 00001 00001 0.0001 00001 00001
FeedTime 10000 10000 10000 10000 10000
GoBack 0 0 0 ) 0
Gprog 1000 1000 1000 1000 1000
HomeRequired 0 0 0 0 0
InPosTimeOut 0 ) ) ) 0
HDisnce 0 0 0 0 )
MaCirAccel 00 00 00 00 00
MaxFeedRate 0.0 00 00 00 =
0 Primary 03 Different from Primary i
Structure Element:  AltFeedRate
s e o Primary coordinate system(CS)
Units: axis units/ time units against other CS will be compared
Defavktvalve 1.0

Only the saved coordinate system structure elements are compared.

User can...
1. View saved structure elements.
2. View current coordinate system structure elements against factory default values

($$$***)_

3. Make any coordinate system the primary coordinate system and other coordinate
system structure elements are compared against the primary column.

4. Visually identify the different coordinate system structure elements between primary and
regular coordinate system.

5. Edit the coordinate system structure elements and updates the Power PMAC on
entering the value.

6. Copy and paste single/multiple coordinate system structure element cells from primary
or default.

7. Reset the motor structure element values to factory default with a Reset to Default
command available from the dialog.

8. Quickly search for an element either typing the text in the filter or picking a category from
the drop-down list.

9. Supports special custom filter. This feature allows user to customize the elements most

commonly used. The custom filter selected as shown below...

Select Coordinate Systems: 0-4 Set as Primary column | Resetto Default | Copy from Primary | Filter: Show: All items ~ | From: | &
Command Default C 0[P C S 1 Coord: S 2 C S 3 Coordi S : ‘ All items
Setup Elements
@ Setup Elements Custom |
sbonTmegese oo oo 00 00 00 o0
AddedDwellTime 0 0 0 0 0 0
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On clicking custom filter, it will look for flt file. This is simple ini file format. Typical file
looks like this...

| CoordFllter fit - Notepad
P

File Edit Format View Help
LCoord
Coord[x].AmpFault
Coord[x].AmpEna

User can add any coordinate saved structured element as shown above and save the
file as .fit.

. Coord is the category, and it is mandatory to add. Coord on top of the coordinate
element filter file. The custom file will be displayed in the Filter view and will be part of
the list too. This will retain for the current IDE session. The filter file name will display like
picture from Motor compare view.

Refresh the coordinate system compare dialog if the values have been changed after
downloading the project.

10. View the description about every coordinate system structure element, such as
description, range, units and default values.

Coordinate system compare shows only Power PMAC saved coordinate
system structure elements.

Note

Gate Structure Element

This supports Gate1 and Gate3 structures. Depending on the detected hardware the type of
gate drop down will automatically populated. User can select type of gate and enter the index.
Gate index can be found from Project Hardware mode. Hoovering the mouse on the text box will
guide how to enter the index number. If you multiple gates then this feature very useful in
comparing gate saved structure element. Choose the chan structure elements from drop down
under command column.

Clicking this option will open the Coordinate system compare dialog as shown...
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Salect (m"tl’utn\‘i X
System or Gate Types Gatel
Chan
Command Oefaut
System v

Type of
gate

Select Gate Index: 0

ACC-2463{0) (Prien
System

rdcampCicaon IS s ]

AdcAmpCirt
AdcAmpDelay
AdcAmpHesderBats 2

EncClockDiv

EncLatchDelay
FirClockDiv

GpioCurt

GeieDiel 11
O Primary 0 Ddferent from Promary

Structure Element:  AdcOffset(1]

Descrpticn 1C channel encoder ADC bia
Range 2147423648 to 2147483648
Unets 32-bit ADC LS8s

Defavtt value (]

ssshnmiuoa§-0§ue§~o
a g b

S0

s cormection

Menus

To view the Gate-channel user need to select Chan from the Select System or Chan drop down

list. Marked Red Square.

Chan

Type of
gate

Command Defoun

Chan .
AdcOMset(0)
AdcOftse1)
Atankrs
CoptCet
CaptilagChan
Captlagsel
EncCurt
Equitne
EquOuthask
EquOuPol
Flagfdins
GatedindexSel
et
indexDemuEna
index GateState
OurCen
Outputhode
OutputPel
PackinData
PackOutData

Pm
O Prmary O Defferent from Prmary

copoo00~-~0uw0o0

ACC-24E30] (Pren

Chand
Chand
Chant
Chan2
Chand

User can...

1.
2.
3
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View saved structure elements.

View current Gate structure, Gate-Chan elements against factory default values ($$$***).

Make any Gate system or Gate-Chan the primary column and other Gate system or
Gate-Chan structure elements are compared against the primary column.

Visually identify the different Gate system or Gate-Chan structure elements between

primary and regular Gate system or Gate-Chan elements.

Edit the Gate system or Gate-Chan structure elements and updates the Power PMAC on
entering the value.
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11.

Menus

Copy and paste single/multiple Gate system or Gate-Chan structure element cells from
primary or default.

Reset the Gate system or Gate-Chan structure element values to factory default with a
Reset to Default command available from the dialog.

Quickly search for an element either typing the text in the filter or picking a category from
the drop-down list.

Supports special custom filter. This feature allows user to customize the elements most
used. The custom filter selected as shown below

Gate Types Gatel Select Gate Index: 4 et as Prima v Reset to Default py from Primary | Filter: Show: All items From:  All items L
Command Default ACC-24€2A(4) [Prir Al ftems
Chan \ Chanl v Setup Elements
CaptCtrl 1 1
Losari e A

On clicking custom filter, it will look for flt file. This is simple ini file format. Typical file
looks like this...

| GateFliter it - Notepad | *Gate3Fliter.fit - Notepad

File Edit Format View Help File Edit Format View Help
|.Gatel .Gate3)|
Gatel[x].Chan[y].EncCtrl Gate3[x].Chan[y].AtanEna
Gatel[x].DacStrobe Gate3[x].AdcEncStrobe

User can add any coordinate saved structured element as shown above and save the
file as .fit.

.Gate1 is the category and it is mandatory to add .Gate1 or Gate3 on top of the Gate
filter file. The custom file will be displayed in the Filter view and will be part of the list too.
This will retain for the current IDE session. The filter file name will display similar to
picture from Motor compare view.

Refresh the Gate system or Gate-Chan compare dialog if the values have been changed
after downloading the project.

View the description about every Gate system or Gate-Chan structure element, such as
description, range, units and default values.

OPC UA

1 Overview

The OPC UA Server function enables the PMAC CPU Unit to operate as an OPC UA

server. With this function, OPC UA clients can connect via Ethernet to the built-in EtherNet/IP
port of the PMAC CPU Unit using the OPC UA communications, and then read and write
variables in the PMAC CPU Unit. The OPC UA communications can simultaneously achieve
both addressing security risks and connecting with general-purpose methods. Therefore, the
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OPC UA Server function enables secure data exchanges between the PMAC CPU Unit and
host systems.

1.1 System Configuration

The OPC UA Server function supports the following system configuration,

"OPC UA Client |

’\/ Ethernet network OPC UA communications

OPC UA Server function ||| :*" 'Securely connects and reads and writes variables.

Built-in EtherNet/IP port

1.2 Features

OPC UA communications have the following features.

* A versatile global standard network from discrete control to process control, and from the
controller level to the host monitoring and management level.

* Also defined as a recommended communications standard of Industry 4.0 to connect the
control networks in factories to the IT networks.

*Allows full-scale secure information exchange in the industrial system consisting of different
devices

. * Allows to expand the visualization of information adapting to the system in the object-based
Address Space

1.3 Overall Procedure

1.1 Start OPC server by clicking Start Server
Step 1 Settings button config screen.

1.2 Confirm the start of OPC UA Server
(online)

1.3 OPC UA Settings (online)

2.1 Connecting from OPC UA client

2.2 Checking communication from OPC UA
Step 2 Operation client
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‘ 2.3 Reading and writing variable from OPC

UA client

l%:p 3 Shut down 3.1 Stopping the controller

4.1 Client error check
Step 4 Trouble shooting 4.2 Status Monitor

3. checking the logs

2 Internal Structure of the Overall OPC UA Communications System

This section describes the internal structure of the overall OPC UA communications system with
the PMAC CPU as an OPC UA server.

2.1 OPC UA Server Side (CPU Unit Side)

Set in advance the parameters for communications with the OPC UA client to the CPU Unit from
the PMAC IDE.

Start a communications service that is called OPC UA Server and execute the OPC UA
communications

2.2 OPC UA Client Side
Connect from the OPC UA client to the CPU Unit as a server.
Read and write variables in the CPU Unit as a server from the OPC UA client

OPC UA client side

OPC UA server side (CPU Unit)
i OPC UA Server 9
v OPC UA communications
Reading| |Settings for communications (Connection, reading/writing of
an.dl with clients variables, etc.) Connect
Variables |Writing via built-in EtherNet/IP port
\ J

The internal mechanism of the CPU Unit is as shown below
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OPC UA server side (CPU Unit)

OPC UA Server

OPC UA server settings (a)
|OPC UA server is set to Use, etc.|

Server certlﬁcat (ESen”

Client authentication ., authentication

OPC UA client side

CA-signed || Trusted Certificate List
_-~[ |client Server
" certificate certificate
Add
OPC UA
_ communications

Trusted Certificate List

CA-signed
client
certificate

(When required)

CA iSelf-signed :
certificate ||client '
certificate

e

Trusted
Certificate List

CA
certificate

'
1 »

'.'Check

Certificate
Revocation List
CA Certificate
Revocation List

Certificate
Revocation List

CA Certificate
Revocation List

Rejected Certificate List

F (Connection, reading/writing of variables, etc.)

Connect via built-in EtherNet/IP port

3 Configuration from PMAC ID

E

OPC UA option is available from the Power PMAC Menu. Use the OPC UA Server
Configuration tool to edit an OPC UA Client certificate List, login, configuration and log

information.

Power PMAC | EtherCAT  Window
Communication Setup
Terminal

Position

Watch

Status

Power PMAC Error

Power PMAC Unsolicited
Jog Ribbon

Power PMAC Messages
Encoder Conversion Table
MQrT

OPC UA

O H IR PEIE S =

Help
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3.1 Certificates

From the certificate tab, user can manage all trusted, issuer and revoked connections list.
Clicked on the * or - button to add or remove the certificates in respective list.

OPC UA * A X
Certificates | Login | Config | Log
Trust List
Filename Common Name Expiration Date Organization Domain Name
UaBrowser@INP1-SUMIT_20... UaBrowser@INP1-SUMIT 9/22/2034 11:31:58 AM Prosys OPC INP1-SUMIT
Issuer List
Filename Common Name Expiration Date Organization Domain Name
UaBrowser@INP1-SUMIT_20... UaBrowser@INP1-SUMIT 9/22/2034 11:31:58 AM Prosys OPC INP1-SUMIT
Revocation List
Filename Common Name Expiration Date Organization Domain Name

OPC UA client and server applications typically have Application Instance Certificates to provide
application-level security. They are used for establishing a secure connection using Asymmetric

Cryptography.

With OPC UA, a Certificate is basically an electronic "ID" that can be held by an OPC UA
application. This "ID" includes information that identifies the holder, the issuer, and a unique key
that is used to verify digital signatures created with the associated private key. The syntax of
these certificates confirms to the X.509 specification and, as a result, these certificates are also
called “X.509 Certificates”

A Certificate Authority, or CA, allows you to control the creation and management of UA
certificates. The certificate authority verifies that information placed in the Application Instance
Certificate is correct and adds a digital signature to the certificate that is used to verify that the
information has not been changed.

Trust List:
A Trust List is a list of certificates which are trusted by an application instance. When security is

enabled, UA applications reject connections from peers whose certificates are not in the trusted
list or if the certificate is issued by a CA that is not in the Trust List.
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Issuer List:
This stores the certificate authority certificates needed to validate certificates signed by
intermediate or root CAs. The connector for OPC UA can validate certificates along with the

chain to the root authority.

Revocation List:

The CA Certificate Revocation List is a list in which issued client certificates are registered when
they are revoked before the expiry of the valid period. If a client certificate is registered in the
CA Certificate Revocation List, the connection from the corresponding client certificate fails, and
the client certificate is registered in the Rejected Certificate list.

3.2 Login

OPC UA also supports user token-based authentication, where users can log in with a
username and password. This is typically handled via UserldentityToken, which is passed along
with the session creation request. The server can validate the username and password against
its configured identity management system (such as an LDAP or a custom user database).

OPCUA B X
Certificates  Login  Config | Log

Users:

PMACIDEUA |

By pressing the * button, the user can input new user information in the following screen.

Power PMAC IDE User Manual 95



Menus

Add new user... oy

Username:

Password:

Confirm Password:

Add User

To delete a user, choose them from the Users list and click the - button.

3.3 Config

OPCUA > ax
Certificates | Login | Config | Log
Log Level 0 (Trace) ™ P-Variable Start 0
Port 0 # P-Variables 0
Address opc.tcp://192.168.0.200:0 M-Variable Start 0
Allow Unencrypted Data # M-Variables 0
Allow Anonymous Connection EtherCAT Variables

Structure Element:

Description:

Range:

Default value:

Start Server . Revert Apply

Log Level: Trace, Debug, Info, Warning, Error, and Fatal are the levels of log level. As per the
selections logs will be generates.

Port: The port number on which the OPC UA server is listing (Default is 4840).

Address: The address in OPC UA typically refers to the Endpoint URL, which is unique
identifier for an OPC UA server on the network. The client uses this to connect to the server.
OPC.tcp://<host name>:<Port no> e.g OPC.tcp://<192.168.0.200>:<4840>

Allow Unencrypted Data: If allow Unencrypted is enable means the server will accept

connections from clients without requiring encryption. This can be useful in low-security
environments or when performance is prioritized over security.
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Allow Anonymous Connection: if allow Anonymous connection is enable means permits
clients to connect to the server without providing any form of credentials like
username/password or certificate.

P-Variable Start: The starting P-Variable index to make available to the OPC UA Server.
# P-Variables: The number of P-Variables (consecutive ascending order) to make available to
the OPC UA Server, beginning with P(UAServer,PVarBase)

M-Variable Start: The starting M-Variable index to make available to the OPC UA Server.
# M-Variable: The number of M-Variables (consecutive ascending order) to make available to
the OPC UA Server, beginning with M(UAServer,MVarBase)

EtherCAT Variables: Make mapped ECAT IO data available to the OPC UA server.
The "Apply" button saves the configurations, while the "Revert" button restores the original
values.

MQTT

1 Overview

The MQTT is a simple built-in binary publish and subscribe protocol at the TCP/IP level.
It is suitable for messaging between low-functionality devices and transmission over unreliable,
low-bandwidth, high-latency networks. With these characteristics, MQTT plays an important role
for IoT and in M2M communication.

1.1 System Configuration

Azure loT Hub

o e o — — ——— o —— = — - — ” g S P Sy S S S ——

LAN side

Router: 192.168.10.1
(Firewall/ DNS/ Default gateway)

Transferring a secure socket setting
(client certificate and private key)
Downloading a program

PC: 192.168.10.xxx (auto)
Secure Socket Configuration commands

i o o T . ] . oo 2]
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1.2 Features
The MQTT protocol is distinguished by the following features:

Lightweight protocol with low transport overhead

Minimal need for network bandwidth through push mechanism

Reconnect function after termination of connection

Resending of messages after disconnection

Mechanism for notifying prospects of an unforeseen disconnection of a client

Easy to use and implement with a small set of command

Quality Assurance (QoS level) with different levels of message delivery reliability

Optional encryption of messages with SSL/TLS

Authentication of publishers and subscribers with username and password

2 Configuration of MQTT from PMAC IDE
MQTT option is available from the Power PMAC Menu.

D E ORIE B EIE & ™

Power PMAC EtherCAT  Window

Communication Setup

Terminal

Position

Watch

Status

Power PMAC Error
Power PMAC Unsolicited
Jog Ribbon

Power PMAC Messages

Encoder Conversion Table

MarT

Help
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When the user clicks the menu, will see the following tabs:

subscriptions, and status.

marr

Certificate | Config | Login Settings

Log | Subscriptions

Menus

certificate, config, login settings, log,

Generate Certificates
® Only client certificates

© Client and broker certificates

Broker Ci

(CA) C
Filename

Common Name

Expiration Date

Organization

Export to PC

® Client certificates

Domain Name

Broker certificates
Client and broker certificates
Only client certificate authority (CA) certificate

Export

Import from PC to PMAC (client certificates)

Delete certificates on the PMAC

Delete

Certificate

marr

Certificate | Config | Login Settings | Log | Subscriptions | Status

Generate Certificates
® Only client certificates

O Client and broker certificates

Broker Ci

(CA) C
Filename

Common Name
matt ppmac_ca.crt

Expiration Date

[MarT PPMAC CA

‘9/1 1/2029 4:40:28 AM

Organization

omron

Domain Name

MQTT PPMAC CA

Export to PC

® Client certificates

() Broker certificates
O Client and broker certificates

O Only client certificate authority (CA) certificate

Import from PC to PMAC (client certificates)

Delete certificates on the PMAC
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Generate certificates
1.0nly Client: Selecting the Generate button will provide a certificate for just the client.

2.Client and Broker: By clicking the Generate button, a certificate will be generated for the client
and broker.

Broker certificates authority
By using the "Add" button, the user can browse the ".crt" file, add, or replace it to the certificate

list.

Export certificates to PC
1.Client Certificate

2.Broker Certificate

3.Client and Broker Certificate

4.0nly Client Certificate Authority (CA) Certificate

Select the choices above, and then click the export button to save the certificate to your PC.

Import From PC to PMAC
When you click the import button, the client certificate is imported from your PC into PMAC

device.

Delete certificate on the PMAC
By pressing the delete button, the client certificate is removed from the PMAC device.

Configuration
The config tab is used to edit the configuration parameters and start/stop MQTT.

Enable: Will used to start/stop the mqtt service.

Use TLS: MQTT over TLS(transport layer security) ensures secure communication by
encrypting the message exchanged between MQTT client and broker. Clicked on toggle switch
to enable or disable the feature.

Port: Refers to the network port through which the MQTT client connects to the broker.
Common MQTT ports, 1883 the default port for non-secure MQTT communication. 8883 the
default port for secure MQTT communication over TLS/SSL.

Keep Alive Time: It is a time interval that defines how often the MQTT client will send a “ping”
message to the broker to keep the connection alive.

Client ID: The client ID is a unique identifier assigned to each MQTT client connecting to the
broker.
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Quality of service: QoS defines the level of guarantee for message delivery between the client
and the broker.

There are three QoS levels:
QoS 0 (At most once): The message is delivered at most once, and delivery is not guaranteed.
QoS 1 (At least once): The message is delivered at least once, but duplicates might occur.

QoS 2 (Exactly once): The message is guaranteed to be delivered exactly once. This is the
most reliable but incurs more overhead

Retain: The Retain flag instructs the broker to store the last message sent to a topic and deliver
it to any future subscribers.

Prefix: Prefix is often used in MQTT setups where topics are organized with a common base or
namespace.

It's particularly helpful when managing multiple topics to differentiate between different
applications or devices.

Example: If a prefix home/sensor/ is added, the actual topic might look like
home/sensor/temperature.

The "Apply" button saves the configurations, while the "Revert" button restores the original
values.

MarT - Aax

Certificate | Canfig | Login Settings | Log | Subscriptions | Status
Enable &«

Use TLS [ @)

Port 8883

Keep Alive Time 60

Client ID 6389

Quality of Service 0

Retain 0

Prefix 0

Range:
Default value

192.168.0.55 Connec t | @ System ermo error
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Login Settings
The MQTT protocol provides username and password fields in the CONNECT message for

authentication. The client has the option to send a username and password when it connects to
an MQTT broker.

The PMAC client should provide the username and password when connecting the broker and it
will be configured from the Login settings screen.

MQrT
Certificate | Config | Login Settings | Log | Subscriptions | Status

Username  PMACMQTT

Password | eee &

Clear Login Set Login

Log
On Log Tab, logs are used to monitor publisher and subscriber activity. All error and status logs

can be viewed on the screen.

The user can filter the logs using Text Filter and Log Level. Log levels include 0-Error, 1-Event,
2-General, 3-All and 4-Debug levels.

Click the toggle "Updating from PMAC", this will update the logs from the PMAC device.

By clicking the export option, the user can save the logs as a text file.
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MQTT ~ 8 x
Certificate | Config | Login Settings | Log | Subscriptions | Status

Text Filter

Log Level 3-All v

Updating from PMAC (@)

maqttclient0.log (current)

00:12:11:Reset MQTT connection & error status
00:12:11::Successfully opened POSIX messsage queue
00:12:13:Received MQTT connection request
00:12:13:Reset MQTT connection & error status
00:12:13:Trying to connect to 192.168.0.55 on port 1883
00:14:20:ERROR 14 -Connect- Connection timed out
00:15:03:Received MQTT close request

00:15:03:Reset all MQTT Status variables

00: Successfully closed the MQTT connection
00:15:04:Received MQTT connection request
00:15:04:Reset MQTT connection & error status
00:15:04:Trying to connect to 192.168.0.55 on port 8883
00:17:12:ERROR 14 -Connect- Connection timed out

Subscriptions
The Subscriptions Tab is used to track subscription activity. Subscription data can be monitored
on the screen based on the filter set.

Text Filter: This will filter the content based on the text you entered.
Total Subscription: This displays the total number of subscribed data.

Updating from PMAC: Clicking the "Updating from PMAC" toggle updates the data from the
PMAC device.

Mmart
Certificate | Config | Login Settings | Log Subscriptions | Status
Text Filter I

Total Subscriptions 0

Updating from pmac @)
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Status
The status panel displays the live status of every MQTT parameter. Please see the Config tab
for details on the parameters.

To enable or disable the capability, click the toggle "Updating from PMAC". This will update the
status from the PMAC device.

mart

Certificate | Config | Login Settings | Log | Subscriptions | Status

> Aax

Updating from PMAC (@)

Description Status Description Status

\Enable True Host 192.168.0.55
Username N/A Port 8883
Connected False ClientlD 6389
ErrorlD 14 KeepAliveTime 60
NumSubs 0 Verbose 3

MsgsSent 0 MsgsRevd 0

QoS 0 Retain 0

Prefix 0

3 MQTT Client “The PMAC”

The MQTT client is the PMAC application that subscribes(receives) data from the MQTT Server
and publishes(sends) data to the MQTT Server

Example C code Implementation for Starting
h Jlaithub.com/silentbicycle/m m

To compile the example on the PMAC requires installation of the mosquitto development
libraries. The libraries will occupy ~14MB of space on the PMAC. Using a PMAC connected to
the internet issue the following command

wget raw.githubusercontent.com/silentbicycle/mqtt_demo/master/client.c -O mqtt_demo.c
apt install libmosquitto-dev —y

Modify the source code of mqtt_demo.c and change BROKER_HOSTNAME from "localhost" to
the IP of the Ubuntu Desktop MQTT Server. Compile ON THE PMAC with the command
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sefine LOG(...) d0 { primf(__VA_ARGS_); ) ile (©)

“ - “ - -
» A D ’
»

gcc mqtt_demo.c -Imosquitto —o mqtt_demo -DDEBUG

Depending on the version of gcc you may be required to add additional libraries for linking. In
addition, apt-get install libc-ares libc-ares libssl-dev libssl may be required

gcc mqtt_demo.c -lcrypto -Issl —Icares -Imosquitto —o mqtt_demo.

PMAC MQTT Script Implementation

MQTT Connect
Function: Connect to a MQTT Broker

Syntax: mqttconnect ({expression}.{expression} ,{expression})
The mqttconnect function makes a network connection with an MQTT Broker.
This function takes 3 arguments.

e The first argument is the IP address of the MQTT Broker. This parameter should be a 32
bit integer where the highest 8 bits are the first octet of the ip address, the next 8 bits the
2nd octet, the next then 3rd and the 4th.. For example, if the IP address of the MQTT
Broker is 192.168.1.10 the value passed should be $C0A8010A. Where C0=192,
A8=168, 01=1 and 10 = 0A

e The second argument is the port number. If O is specified an internal default of 1883 will
be used. Often when using a secure MQTT Broker such as AWS loT the port number
may be 8883, check with your MQTT Broker. * The third argument is the keepalive time.
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Keep Alive is an integer from 0 to 65535, representing the maximum time in seconds
allowed to elapse between MQTT protocol packets sent by the client. If keepalive is = 0
the mechanism is not used

Example:

global ipaddress;

global id;

ipaddress = $0A000080; // 10.0.0.128

id = mqgttconnect(ipaddress,1883,5)

MQTT Publish
Function: Publish data to a MQTT Broker

Syntax: mqttpub ({expression}, {expression} ,{expression} ,{expression} ,{expression})

The mqttpub function makes a global variable available to the MQTT Broker. The PMAC Script
language always uses the topic /global/variable name. If more flexible string options are need
users should implement their own specific topic names with a C application.

This function takes 4 arguments.

The first argument is id returned from the mqtttconnect call.

The second argument is the global variable you wish to publish. The PMAC script
language will always publish to the MQTT topic /global/variablename=xxxx ¢ The third
argument is the quality-of-service QoS. QoS Level 0 - at most once This is the simplest,
lowest-overhead method of sending a message. The client simply publishes the
message, and there is no acknowledgement by the broker. QoS Level 1 - at least once
This method guarantees that the message will be transferred successfully to the broker.
The broker sends an acknowledgement back to the sender, but in the event that that the
acknowledgement is lost the sender won't realise the message has got through, so will
send the message again. The client will re-send until it gets the broker's
acknowledgement. This means that sending is guaranteed, although the message may
reach the broker more than once. QoS Level 2 - exactly once This is the highest level of
service, in which there is a sequence of four messages between the sender and the
receiver, a kind of handshake to confirm that the main message has been sent and that
the acknowledgement has been received. When the handshake has been completed,
both sender and receiver are sure that the message was sent exactly once.
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» The fourth argument is retention. When a publisher publishes a message to a subject
to which no one has subscribed, the message is simply discarded by the broker. By
setting the retained message flag, the publisher can inform the broker to keep the last
message on that topic. This feature allows you to store a single message per MQTT
topic and send it to all current and future subscribers. To save a retained message,
simply set a retained flag when publishing it to the broker. At that point, the message is
delivered to all current subscribers as usual, as well as any future devices that subscribe
to that topic.

Example:
global actualpos;
global result;

result = mqttpub(id,actualpos,0,0)

MQTT Subscribe
Function: Subscribe data from a MQTT Broker

Syntax: mqttsub ({expression}, {expression}, {expression})

The mqttsub function makes a global variable available to the MQTT Broker. The PMAC Script
language always uses the topic /global/variable name. If more flexible string options are need
users should implement their own specific topic names with a C application. This function needs
to be only called once after initialization with mqttconnect. The Variable you are subscribing to

will automatically be update, there is no need to repeatedly call mqttsub.

This function takes 3 arguments.

The first argument is id returned from the mqtttconnect call.

The second argument is the global variable you wish to publish. The PMAC script
language must subscribe to the MQTT topic /global/variablename=xxxx * The third
argument is the quality-of-service QoS. QoS Level 0 - at most once This is the simplest,
lowest-overhead method of sending a message. The client simply publishes the
message, and there is no acknowledgement by the broker. QoS Level 1 - at least once
This method guarantees that the message will be transferred successfully to the broker.
The broker sends an acknowledgement back to the sender, but in the event that that the
acknowledgement is lost the sender won't realise the message has got through, so will
send the message again. The client will re-send until it gets the broker's
acknowledgement. This means that sending is guaranteed, although the message may
reach the broker more than once. QoS Level 2 - exactly once This is the highest level of
service, in which there is a sequence of four messages between the sender and the
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receiver, a kind of handshake to confirm that the main message has been sent and that
the acknowledgement has been received. When the handshake has been completed,
both sender and receiver are sure that the message was sent exactly once.

Example
global actualpos;
global result;

result = mqttsub(id,actualpos,0,0)

MQTT Close
Function: Close the connection to a MQTT Broker

Syntax: mqttsub ({expression}, {expression}, {expression})

The mqttsub function makes a global variable available to the MQTT Broker. The PMAC Script
language always uses the topic /global/variable name. If more flexible string options are need
users should implement their own specific topic names with a C application. This function needs
to be only called once after initialization with mqttconnect. The Variable you are subscribing to
will automatically be update, there is no need to repeatedly call mqttsub.

This function takes 3 arguments.

Example:

global connect,established,disconnect,status,myvar1,myvar2
open plc 1

if(connect == 1)

{

established = mqgttconnect()

/' If another client changes myvar1 PMAC will automatically receive the new value
status = mqttsub(0,myvar1,0)

established = 1

}

if ( established == 1)

{
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/ When a variable changes write it to the MQTT server
if(myvar2 != myvar2_old)

{

status = mqttpub(0,myvar2,0,0)

}

}

if ( disconnect == 1)

{

status = mqttclose(0)

}

close

4 MQTT Server “The Broker” i.e. AWS, Azure IOT Server, or Ubuntu Desktop

This is the cloud server that is receiving and transmitting data to the PMAC. Often this will be
AWS or Azure. Internally for testing instead of using AWS or Azure an Ubuntu Desktop
computer may be used instead. The MQTT broker for Ubuntu is called mosquitto and can be
installed using the apt package manger. See the command below

sudo apt update -y && sudo apt install mosquitto mosquitto-clients —y

To enable the MQTT broker on Ubuntu issue the following command. For now, allow
anonymous connections by editing the file /etc/mosquito/mosquito.conf and add the two lines
below to the text document.

allow_anonymous true

listener 1883 0.0.0.0

sudo systemctl enable mosquitto

A good introduction for using MQTT with Linux can be read here:

https://www.arubacloud.com/tutorial/how-to-install-and-secure-mosquitto-on-ubuntu-20-
04.aspx

If you tried the example from the tutorial above, make sure remove the password settings the
tutorial provided.
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Using Ubuntu Desktop as the MQTT Server
First make sure the mosquitto service must running on your Ubuntu Desktop PC

PMAC Bublistiitock) Ubnsta Heskion Ubuntu Terminal #1 (127.0.0.1)
(10.151.208.102) i
o MQTT Server/Broker mosquitto_sub —~h 127.0.0.1 —t tock/#
mqtt dBiiip Subscribe (tick) "
- - (10.151.208.136)

- I Ubuntu Terminal #2 (127.0.0.1)
mosquiftto service

I~ mosquitto_pub —h 127.0.0.1 —t tick

Next execute the mqtt_demo application from the PMAC. The mqtt_demo application
subscribes to tick

Next

GTKTerm - /dev/ttyUSBO 115200-8-N-1

1nale A Melt
JNd view cy

Next from your Ubuntu Desktop request that mqqt server subscribe to receive data. This will
receive data published from the mqtt_demo.c
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Terminal

Next from your Ubuntu Desktop publish data and it will be transmitted to the mqqt client of the
PMAC. After executing this command “tick receive” will appear on the PMAC client indicating
that data has been received from the Server. Upon receiving the data PMAC will then send data
to the Ubuntu Desktop.

Terminal

9.0.1

After publishing the tick message from the MQTT Server you will see a message “tick received”
on the PMAC indicating it received the tick message from the server. When the mqtt_demo app
receives the tick message it then publishes the message “tock {process id} {count of number
of ticks received}’.
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GTKTerm - /dev/ttyUSBO 115200-8-N-1

wal« A 4
y IQNALS view e

Terminal

7.0.0.1

In the general case instead of using a client with the localhost address on the server additional
clients are used. For example, in the test case we use a 2nd Ubuntu desktop and we subscribe
and publish to the same tick and tock messages and they are received and sent from the PMAC
MQTT client through the broker to the additional Ubuntu desktop PC.

Ubuntu Desktop #2 MQTT Client

Linux
w7, . i ., 3 T o i a . 2 A ) 5 ‘._)p
PMAC MQTT client Publish (tock) Server/Micr os_oft Ubuntu Terminal #2 (10.150.166.29)
(10.151.208.102) Azure or AWS IoT ,
AL .| | mosquitto_sub—h 10.151.208.136 -t tock/#
d Subscribe (tick) MOTT S /Brok >
mqtt den < I\ erver/proker
I ete = Q Ubuntu Terminal #2 (10.150.166.29)

"
(10.151.208.136) - mosquitto_pub ~h 10.151.208.136 -t tick
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Tools

The Tools submenu from Power PMAC menu shows Cam Sculptor, Advanced Tunng, Plot,

Scope and Task Manager. This is shown below inside the red box:

BOHEHICEPEES N »

- B le e

X

Power PMAC EtherCAT Window

Communication Setup
Terminal

Position

Watch

Status

Power PMAC Error
Power PMAC Unsolicited
Jog Ribbon

Power PMAC Messages
Encoder Conversion Table
MQrT

OPC UA

Tools

Troubleshooters
Update Firmware
Install Package

Device Imaging
Backup Restore
Compare

Part Managers

Kill Motors

Help

Ctri+Alt+K

P Start ~
Tune | Task Manager Pid

T

Tune

Plot

Scope

Tune (Legacy)
Cam Sculptor

Ethercat Diagnostics

1 218 E Rl PEl

Task Manager

Tune

The Tuning tool can be used to tune current loops and position (servo) loops the motors.
“Tuning” refers to the process of adjusting the gains in the control loop until the desired
performance level is achieved.

Menus

This is a complete new tuning interface developed considering the usability and clean and clear

selection option.

New tuning interface is integrated with project. The tuning can be open from the project by
double clicking the Tune from Tools node from project as shown below. It is our

recommendation to the user to use the Tuning from Project. Benefit of using the tuning from
project ...

1.
2.
3

Fully integrated to the project
On accepting the gain settings from tuning are written to the motor setup file.
Tuning settings are stored in the project. For example, the move size, dwell time, filter

frequency values etc. will be per project.
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4 [T] ExampleProject
4 System
CPU
Hardware
EtherCAT
EtherNet/IP (Deactivated)
Motors

vvVvwvew

Coordinate Systems
b Encoder
b Application
4 Tools

Menus

For the user who does not want to open project can open the tuning from Power PMAC menu,

though it is not recommended.

Tuning interface can be access by clicking Power PMAC —=Tools = Tune as shown below.

Tools
Troubleshooters
Compare
Part Managers
X Kill Moteors Ctrl+Alt+K

Tune

HEHE JEE |E

Plot

Scope

Tune (Legacy)
Cam Sculptor

Task Manager

We recommend using Tuning from Project menu and not from Power PMAC

menu.
Note
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Tuning Window Layout

As shown below when Tuning is open from Project or from Power PMAC menu it will look like...

Tune o

Current Loop Tune Auto  Interactve r =

Goins | Anayss Statistcs

Statistics Valoe

denthy and Tune

e | | ) | o

There are four sections as marked by different colour. In following section each coloured box
will be explained. Resizing of Graph section is possible and can have bigger size.

Common convention

0 Info icon on hoovering the mouse will display additional help regarding the setup
parameter.

Tuning mode, Motor section
The left panel marked by green box allows user to select type of tuning and on which motor.

In the picture you can see the yellow warning icon next to the motor number drop down. This
Yellow warning sign warns user that the motor that is used for tuning is not part of the Project.
There are two possibilities ....

1. Motor is not in the project as shown below. there is no motor under Motor Node.
4 [T ExampleProject

4 System
b CPU
b Hardware
b EtherCAT
3 EtherNet/IP (Deactivated)
Coordinate Systems
b Encoder
b Application
4 Tools

[T7] Tune

Message will be Motor <number> is not in the project.
2. Motor is under Motor Node but not fully configured. As shown below ...
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AV O w

1] Solution 'ExampleProject’ (1 project)
4 [T ExampleProject

System
CPU
Hardware
EtherCAT
EtherNet/IP (Deactivated)
Motors

& Motorl I

b

Coordinate Systems
Encoder

In this case the warning sign will say

Message: Motor <number> has not been fully configured through System Setup.
If the user has added the motor but not completed going through Topology blocks.
Message: Motor <number> has not completed Basic Tuning in System Setup.

If the user has added the motor and partially completed Topology block but not

completed Basic tuning.

Following picture shows more details about left panel.

Current Loop Tune
Open Loop

Position Loop Tune

Motor: 1

Position: 24680216171 mu

Zero Position o
Amp Enable » o

Servo On »o

e

Servo Diagram v

Trajectory Pre-Fiter
Diagram

| [Teningmode

Motor number selection drop down. Warning sign indicate Motor not part of project

Position display for selected motor

Zero motor position for selected motor

for selected motor
Amp Enable send Out0 command
Servo On sends Jog/ command

Send #*DKILL to ill all motors for safety.

Open Power PMAC Servo diagram.

Open Power PMAC Prefilter diagram diagram.

For selected motor , if not moving click to find out reason.

mouse...

This motor was set up outside of the system setup environment. Tuning gains and Motor

Warning sign near the Motor drop down will give following warning on hoovering the

Menus

elements will not be saved automatically. It is the user's responsibility to update/save those in
their pmh files.
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Basic Tuning Topology Block. This Basic tuning identifies the system and comes
up with gain settings. Using Advance tuning after Basic tuning will reduce tuning

We recommend users to use System Setup to setup Motor and initially tune using
‘@’

Tuning parameter and performing tuning moves section
The middle section blue area is for setting tuning parameters and performing tuning move. As
shown below ...

—Jpo=S I Top level choice for selected Tuning mode I

}! Parameter area depending on top level choice and sub choice. I

’[ Help connected to help viewer displaying more detail about structure element.. I

].i Information about Power PMAC Motor structure element. I

Structure Element: Motor().Servo.Ki 2

Description: Servo integral gain term
Range: Floating-point
Default value: 0.001

All the different Top-level choices and sub level choices are self-explanatory.

Common control from these middle sections is explained below...

Tool Information I More information about the choices selected by user for Tuning I
Identify and Tune I Automatically identifies and come up with basic set of gain limits. I

Single Move | Makes a single tuning move based on user choices I

Live Tune | Continuous tuning move. User can change the gain and see the result at next move.

Since the servo loop gains change as they are altered in the Tuning window only
= safe gains must be entered in order not to damage the motor or cause it to go

unstable, potentially damaging equipment or people.
Note
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Tuning status section
The bottom red square shows the Motor status of currently selected motor. The statuses are

grouped in logical way. Status is continuously updated. The status area looks like this.

[ N/A [ Ampiifier Fault Fatal FE Limit Hardware Limit Software Limit ‘ [ Independent [ Standard —l [ Position Loop Trajectory Prefilter |
Hardhware Limit l Motor status (Normal} { Armpiter Faut Fatal FE Lt
l Error status | [ " wosernn pweoee [ e [ [r—
Motor type (independent,
IE Gantry leader) and [ Independent [ Standard <| [ o —— Trajectory Prefiter

servo algorithm (Standard, User)

Tuning Result section
After successful tuning move the result will be displayed as a graph in the tuning result section.

It is marked with Brown colour. The bottom part of Graph shows result, analysis and Statistic in
tabular form for the move. Below image section shows information about this section....

Basic Servo Loop Tuning ® [ 4—{ Click here to extract and taks a snapshot of current move or move in progress incase of live tune.

Desired Position
Actusi Postion

i el Graph Section.
w Title will be displayed on successful tuning move.
» Click for graph setting

e =
S = -

[P e Data section

Domping ke o : - : &
Nor e sams Display Gain, Analysis and Statistic
Sy Dt

Peak Time W9 m
Pesk Magnitude 0367 mu

—
Guennest 1095
S Followng Error nR

4—‘ Accept to write gains value to motor setup (.msetup) file in the project (if exist)

Graph settings are set of visual icons and on hoovering the mouse will display what are those
settings. As shown below....

= =
Q=a 1| - -
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To Zoom in or out use mouse wheel or you also use Zoom pane as shown below. This will allow
user to choose area to zoom.

] |

Step Move #

Command Position
~— Actual Position

| Show Control Pane

(£
35

Servo C d H

30

25

The graph also supports measurement. Click the point on the graph to see measurement
between two points. The measurement is available all the time. Clicking the same point will

remove the point.

This is shown below...

AX: 36305
AY:

. =
Step Move # 2
Command Position N | >
— Actual Position (ct
Servo Command 38 s
rojec|
36
v 41617758 Time, Seconds (10*-3) X
Position (1076)
-1.595681 Normalized w.r.t. to home position
77.922611 Time, Seconds (10*-3)
1595681 Position (1076)

Normalized w.r.t. to home position
Time, Seconds (10*-3)

Position (10%6)

Normalized w.r.t. to home position

jon

On successful tuning move the settings option dynamically changes and support user selecting

Left and Right axis
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=1
Left Axis: | Position v
Right Axis: | Servo Command Y
FFT Smooth
Order: 9 @

{=0q 1

FFT (Fast Fourier Transform) will perform (FFT) of the data. . Choose whether to filter the
signals or not or whether to plot the vertical axes in units of decibels (dB). Choosing to filter the
data will result in the Power PMAC IDE performing a Hanning window filter on the data

FFT

Filter the signals In decibels

Smooth option will filter the signals chosen to plot with a moving average whose order can be
set from 0 to 100:

FFT Smooth

Smooth
Order: 2

The default filter order is 2. The filter sums groups of points (the number of points in the sum is
equal to the order of the filter) and then divides by the order of the filter. The equation of the
filter is
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where p; is a point on the plot, where j runs from 0 to the total number of points on the plot, N is
the order of the moving average filter, and ax is a point of data in the group of points of size (N +
1) presently being processed by the filter.

On successful tuning move data will be displayed under the graph. It will look like ...

Gos | Ay | Statistes

Structure Element Vaboe
Moted1}SevoXp ngea
Moted 1] Sevo Xofb 20060039
Moted 1) Senvo s ]
Moted 1] ServoXotf 230060039
Moted1] Servo.Xalt mns
(@) Oer Gains.

Meter|1]Stime o

Moted 1) ServoXoafd o

Meted 1) Servo Kot )

Moted 1) ServoXe! )

Moted 1) Servoe2 )

Meted 11Seno ) ()

Accept

Accept only available on Gain
Tab. On Accept the gains are
written to motor setup file
That is used in building
systemsetup.cfg file on build
and download.

Gons | Ansiyzs | Stattics

[ Anstyts

Max Bandwidth due o senvo updite requency = 647 He

Bandwidth Selected = 19.08 He

Fust Limit Found : Posiion Locp (Kp) Feedback Reschution (3334 He)
(@120

Thied Liit Found : Load (inerta) {45.62 H2)
Fourth Limt Found : Servo Update Frequency (3647 Ha)

Goins [ Anabyis Statistics
Statitics

Hatura frequency
Dsmpeng Ratic

Fise Tave

Setting Time

Pesk Time.

Pesk Magneuse
Overtheet

FMS Fotlemng e

18564z
053
11T
11061 ms
HS5Ims
02
1416
o0

&4

i Clicking this icon on the graph will allow user to take a snapshot of the current tuning
performance and compare. The snapshot is static picture, and the regular Tuning will continue.
This is helpful if the user likes some tuning performance, then a snapshot can be taken, and

user can keep adjusting tuning parameters to see if the performance improves or not.

@ 42072021 3:39:44 PM - o X
— — — — - — 4/20/2021 3:39:44 PM &
Tene +1.5956215
— Desired Position
Current Loop Tune Aottt O — Actual Position (20
B s ]
Open Lecp Aot -1.59562155 Servo Command |
Coers
Position Loop Tune Enceder Resohmen: W aviee O s
-1.5956216 2
et 458 nse[  mwl e o s -8
Oumpaghatec O ' anfg ° S g \‘..,_T 2
< -1.59562165 }"—"*L—‘ 0z
ORI , s ° 5 £
3 55
& .1.s956217
108
Moton [ 1 I ¢
o -15
stion: -1595622491 -1.59562175 ;
Zero Position o -
Gowns | Anatyus  Statntcs. -1.5956218 -25
Amp Ensbie 4 0 2
o » s = 0 0.5 1 15 2 2s
|Hatusst Fresuency DotHe Time, Seconds
SevoOn 4 (D O Rato o
Rise Time NSl Gains l Analysis | Statistics
T - ey =
Pesk Teme 201 Statistics Valoe
Pusk Magntode 6me
C Overhont 1483 Natural Frequency 1896 Hz
s (29 o
e = —— ctemng Damping Ratio 0s3
Rise Time 1417 ms
Structure ement. WA Settling Time 11061 ms
Oescrgen:
Relsed o Meted) Senve 5. Peak Time 3453 ms
g Oupa 02 Sninp pemsesaen Peak Magnitude 023 mu
Overshoot 1416
RMS Following Error 003
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Tuning Moves

Auto Tune Moves
Please make sure that it is safe to do Tuning moves. Tuning moves, like Step
= moves can vibrate the machine.

It is recommended external Emergency Stop switch connected that will kill the

Note amplifier power in case of motor runaway or loss of communication.

Position Loop Tune — Auto — Basic

wwww

Position Loop Tune Eacoderfasos | \

Re-Tune

‘

p [ Tajectory prefiter

Interactive Tuning Moves
Please make sure that it is safe to do Tuning moves. Tuning moves can
= vibrate the machine resulting in machine damage.
It is recommended external Emergency Stop switch connected that will kill the

Note amplifier power in case of motor runaway or loss of communication.
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Position Loop Tune — Interactive — Step

Cumrent Loop Tune

Open Loop

Postion: 0843500 rev

Zevo Posmon L
Arptatie + B ©

SeoOn bt (D ©

Wy 5 oy Mcter oot moving

W pnen
-~ pe— Pt oot S | S St

e 5w ©

e T W0 - O

Dot T M0 e s ©

0 Mt Al Mo oo i Ome D

[ S ——

G
e e
Oseate G 1 a0 e
Ovatin G 2 it o
gy Gam a3 PV,
sty onmormant Gam | 2o [r—
ity emormand G £ o
st foermard G (L 2wz
Frntm emtormard Gam W °
e At

Vo e Gt °
bete g s Lot ol ot '
Sanes Ot Lomet MUNONH P

O
Swremor
e
S

et

- o
Step Move ©
Pr——
A
ot
L - S o
\
\ |
. In “
| \— ‘
i |
! It
: 1
F A W N N O _—
' /
\
[ R
S —
et rspeey o
Oompog hste o
e e 2 e
oy v 2020w
v ome e
oo st
oot s

BN g e

e Vo

(| o o e s |

o

weees ||

Position Loop Tune — Interactive — Parabolic

Tune
Cumrent Loop Tune

Open Loop

Position: ~ 1.2865 1ev

ZwoPosition  ©
Ampinsble ¢ (D ©

SevoOn 4 (D ©

Show Servo Diagram

Shaw Prefiter
Disgram

Why b oy Mator not maving

I ..

Move Profie
S Paraolic Font10.00m  Sine / Sine Sweep
i~ ©
Move Time: 0| muc O
Owell Time: 0 miec [)Enatied ©

it Mator After Move

JGRH sevoloopfites  Tajectory Prefiner
Gaims

Proportional Gai (Ko) o0
Derrvative Gan 1 (et 166A14 Y
Devative Gain 2 (00AMD [
ey Gam (G} Q0047106282
‘Velooty Feeatorward Garn 1 (641 166914 1
Velocty Feectormard Gan 2 (Ketl: )
Reerieraton Feedtormard Gan (KT Tven
Feiction feedtonmaed Gain (KT 0
Servo Miscesaneous

Integral Mode (Sw2vet [)

Fatal Fosomng Eror Limt (Fatasfelimi: '
Servo Output Limit (MaxDacx 1s534n
‘oot nformation

Structure Dement WA

Oscription: o tar the Type Move selected showid move during esting.
Range Non-negative foutg pomnt
Oetadt vk 1000

=

Gaing | Anwipls| Statitics

Vel Con
Ace Conr

Max fe.

RS Folowing Eror

-

Lve Tune.

Parabolic Move @

[(em ][ o oo e s e (o ][ —m—™m 1

Power PMAC IDE User Manual

Menus

123



Position Loop Tune — Interactive — Point-to-point

Tune

Current Loop Tune
Open Loop

Position Loop Tune.

Motor: [ 1

Position: 1985641 46628 ot

Zero Position

Show Servo Diagram

Show Prefiker Diagram

Why is my Motor not moving?

Parabolic

Velocity:
Acceleration Time (Ta):

§ Curve Time (is:

Deceleration Time (Td):

§ Curve Deceleration Time (Tsd):
Dwell Time:

Kill Motor After Move

Sine / Sine Sw

Pornt-to-point

500

reep o
a o
a/sec o
mec @ 0
msec = O
0 mec @ O
mec @ O
msec ] Enabled O
o

Move in One Direction

Gaigll ServoLoopFilters  Trjectory Prefilter
Gains
Propostionsl Gai (Xp): TR
Desivaive Gin 1 (efb): 30209
Desivatve Gain 2 (Kuif): o
Integral Gain (Kik 00TTETITE

Velocity Feedforward Gain 1 (Kv#):
‘ Tool Information

Structure Element: /A
Description:
Range:

Defouttvalue 500

3002091

Length of time the motor wil be stopped.
Non-negative flosting-point

SingleMove | | Live Tune

Gams Anolyss [ Statistcs

Anshyis

Move Type: Point-to-point

Move sze: 05 ct

Move time: 500 msec

Dwell added after move: 500 msex

Acceleration Time (Ta): 100 msec

S Curve Time (Ts): 100 msec

Deceleration Time (Td): 100 msec (Acceleration Time (Ta))

§ Curve Decelesation Time (Tsd): 100 msec (S Curve Time (1))

Point-to-point Move

°

— Command Position

| — Actual Position

DesVeZero
Infos

——

Above plot showing Position with Desired Velocity and InPos.

(][

To plot In Pos bit successfully user must set the In position band
Motor[n].InPosBand.
Point-to-point move requires updating tuning package using Package

Note installer.

Tune

- o x
Current Loop Tune Auto  Intersctive L] . Point-to-point Move # [l
h — Command Yelocity
Open Loop aeafetle — AcuslVelocty 09
Step Pasbalic | Paintto-peint | Sie/SineSwee 0 2 — Dwhizeo L
Position Loop Tune .
Move Sae: s o o7
1
Velocity: s arse ° 05
Accelertion Time (Ta) 0] meec @ O ge i
i 04
S Curve Time (k) 0| mec = 0 .
03
Deceleration Tiene (T2 00 mec @ O
02
Motor: |1 i 5 Curve Decelesation Time (Tsd): 00 meee @ O b ba
Position: 1SaSENIASZS | Dwell Tme: 00| moec ) Ensbled @ N N
.- ¥ » o [¥ 04 o5 12
P——— o il Motor Aftes Mave e in One Direction 0

Gains.
Gains

Servo Loop Filters | Trajectory Prefilter

Goins| Analyss | Staisties
AmpEnabie @) ©
Anslyis

Proporional Gain Kp): 6691352 it g Bt et
Servo o
= o Derwative Gasn 1 (Kfb) 3442091 Move size: 0.5 ct
Mowe time 500 msee

I“ | Devative Gain 2 (ke [] Dwell added after move: 500 msec

Integral Gain (KG): Q007761376 Amlm:m..rm [l 100 msec
Shaw Servo Diagram S Curve Time (B 100 msee

Velocity Feediorward Gain 1 (Kv#: 3442091 Deceleation Teme (14} 100 mee (Acceleration Tine (1))

S Curve Deceleration Time (Eaf): 100 msec (S Curve Time (EJ)
Show Prefiter Diagram

Teal Information

Structure Element: N/A

Single Move

Descrption: Length o time the metor wil be stopped.
Fange: MNan-negative flosting-paint
Defauttvalies 500

(e [ e s s e | o [

Standard
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Above plot showing Velocity with Desired Velocity and InPos

Position Loop Tune — Interactive — Sine/Sine Sweep

Position Loop Tune | | 1l (|
e Methoc Unew 0 7 |

U

Servo Miscedaneous

Frequency Response Function (FRF) and Bode Plot

Starting from IDE version 4.6.4.23, firmware version 2.8.3.0, extra frequency response
analysis is available in the form of Bode plot. There is no extra setting needed for this
frequency response analysis. A new tab, Bode Plot, is automatically created when the Bode
plot is done after the sine sweep move.
In the Statistics tab, the Bode plot results are shown, including:

¢ Bandwidth frequency (closed-loop) (Hz)

e (Gain crossover frequency (Hz)

e Phase margin (degree)

e DAC saturation at time (ms)
If a gantry motor is involved in the FRF testing, then the gantry motor statistics will be shown
as well.

In a Bode plot, there are two data sets: closed loop and open loop.

The closed loop data set is generated from the Fast Fourier Transform (FFT) result of actual
position vs commanded position. The open loop data set is derived from the closed loop data
set assuming unit feedback.

Please note that if the firmware version is less than 2.8.3.0, then a gnu scientific library (gsl)

package installation is needed. As for IDE, only versions later than 4.6.3.23 have the FRF
and Bode plot function.
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)

Position Loop Tune

cccccc

N/A Amplifier Fault Fatal FE Limit Hardware Limit  Software Limit ] [ Independent Standard Position Loop Trajectory Prefilter

During testing, it is common to encounter 12T fault, fatal following error fault, and amplifier
fault if the sine sweep setting is not proper. If one of the faults occurs, please change the
setting as suggested below:
o Fatal follow error
o Reduce Sweep Size. Less than half of the fatal following error is preferred.
e 12T fault
o Reduce End Frequency or frequency range width (from Start to End
Frequency range).
o Reduce Sweep Time.
o Reduce Sweep Size.
o Amplifier fault
o Same as I2T fault
For 12T and amplifier fault, the settings are inter-related for fault triggering. To avoid fault
triggering and get the Bode plot result, checking I2T setting is needed before doing the sine
sweep move and try-and-error process might be needed for proper sine sweep setting.

Please note that once the fault condition occurs, it is user’s responsibility to clear the fault and
enable the motor before doing another sine sweep test move. The fault can usually be
cleared by setting the switch of Servo On. If not, then more troubleshooting might be needed
to clear the fault. Bode plots will not be generated under a fault condition.

Open Loop Moves
Please make sure that it is safe to do Tuning moves. Open loop Tuning
A moves, like Step or Sine/Sine Sweep moves can run away in case of loss
&> of feedback cable or communication

Note It is recommended external Emergency Stop switch connected that will kill the
amplifier power in case of motor runaway or loss of communication.
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Open Loop — Step

Ampinstle 4 (I ©

SevoOn 4 (B ©

Show Servo Diageam
Show Preiter
Dlagram
oot mcrmaton

e Bemens WA
ODescrotion

SMac O O

fange Pt integer
Wiy iy Motoc not moviog | Owestveve 100

Open Loop Step Move © ]

B Wy ¥ § F NENENy T

Open Loop — Sine/Sine Sweep

Twoe
Curent L00p Tune. s [Eeifien 0
I
Sy e [ R °
st se s Ancinte 0 » Wl AMmo ©
Stan Frequancy tw o
e oraaeney 0 e
Swwep Tever ) toon ©
Motor: ]
Position:  0.843500 rev
Zwofostion O
Amptnatie 1 I ©
Sevoon 4 B O
—
Show Servo Disgram
Show Prefiter
Diagram
Toos ormaton Open Loog Sewswers
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e oten
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Wit oy Mot nol madag | Deteeve 10
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Current Loop Tune — Interactive

Yoe T x|
Cunent Loop Tune: Ao — o 1 1, ° “
-
Opentoop =
Eactaton Magntute 1000 o O A
Postion 0op Tene
. ¥ Mayritade 2000 s 0
W w0
[
Show Prefte a2
Diogam
P— sopeios | [ tn
e ot o

Current Loop Tune — Auto
While in move progress bar is displayed.

Y P ——

Menus

Click on More details to see the messages coming out of the move. The messages are also

logged in Power PMAC Message window.
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AmpEnable 1 ) ©

SevoOn bt B ©

Emm e e | e

ey T 1

0.5 HI
]

4/20/2021 3:17:44 PM %

— Servo Command

o 200 400

Gains | Analysis Statistics

| statistics

Number of Samples

Peak Frequency (Servo Command)
Filter Window Type

600 800 1000 1200
Frequency (Hz)

Value
2258
3.033 Hz

Hanning Window

Filter options

Menus

All the filter values are stored in the project, whenever project is loaded the previously set filter
values are restored. Filter values are stored on the Power PMAC when the project is build and
download so if the user upload the project from Power PMAC the filter values will be restored.

Two types of filters available with any type of interactive move, either single move or live tune.
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Servo loop filter
Following is configuration screen for setting Servo Loop filter.

Move Profile
Step P Sine / Sine Sweep a
l Move Size: [ 0.5 rev o
Move Time: 500] msec o

Owell Time: 500 msec [[] Enabled ©

Kill Motor After Move Move in One Direction o

Gains  [[Servo Loop Filters |

Teajectory Prefitter
(2) Position Loop Low Pass Filter
Buttenworth Order:

Cut-off Frequency: 0.000

(&) 1st Notch Pole-Zero Specification

(&) 2nd Notch Pole-Zero Specification

(&) Velocity Loop Feedback Low Pass Filter
(&) Velocity Loop Feedforward Low Pass Filter

(~) Coefficients

Tool Information

Structure Element: N/A

Description: How far the Type Move selected should move during testing.
Range: Non-negative flosting-point

Default value: 1000

Remove All Filters

IW.MM | [ unvum]

@@

 Gains [ Servo Loop Filters .lajectoryPreﬁlgeL

@ Position Loop Low Pass Filter

Butterworth Order: None st 2nd 3rd 4th Sth (1]

Cut-off Frequency: 0.000 1129.000 0 H O
Apply |

Gains | Servo Loop Filters Trajectory Prefilter

(A) 15t Notch Pole-Zero Specification

None Enabled (1]
Resonance Frequency: 0.000 1129.000 0
Complex Zero Frequency: 0.000 1141.000 0 Hz O
Complex Zero Damping Ratio: 0.000 1.000 0 i ]
Complex Pole Frequency: 0.000 1141.000 0 H O
Complex Pole Damping Ratio: 0.000 1.000 0 (1]
Apply ‘
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Gains Servo Loop Filters

None
Resonance Frequency:
Complex Zero Frequency:
Complex Zero Damping Ratio:
Complex Pole Frequency:

Complex Pole Damping Ratio:

Gains Servo Loop Filters

Butterworth Order:

Cut-off Frequency:

Butterworth Order:

Cut-off Frequency:

Trajectory Prefilter

0.000

0.000

0.000

0.000

@ 2nd Notch Pole-Zero Specification

Trajectory Prefilter

0.000

0.000

(A) Velocity Loop Feedback Low Pass Filter

None

@ Velocity Loop Feedforward Low Pass Filter

None

1st

1st

1129.000

1141.000

1.000

1141.000

1.000

1129.000

1129.000

o
Hz O
0 L1
0 Hz O
0 o
Apply
2nd 0
0 Hz ©
Apply
2nd 0o
0 Hz
Apply

Trajectory Prefilter
The Trajectory Prefilter Setup is used to enable the Trajectory Prefilter feature of Power PMAC

and configure whether to use it as a Notch Filter, a Low Pass Filter or both as there are two
filters available which can be applied to the trajectories. The Trajectory Prefilter filters any
trajectory that the Power PMAC generates before commanding it to the motor in order to
prevent low frequency oscillations from occurring at the machine’s end effector.

Following is configuration screen for setting Trajectory prefilter.

Resonance Frequency:
Complex Zero Frequency:
Complex Pole Damping Ratio:
Complex Pole Frequency:
Complex Pole Damping Ratio:

Update Rate:

None Single Low Pass

Gains  Servo Loop Filters  Trajectory Prefilter

Single Notch Double Low Pass
Hz H O
Hz H O

0
Hz H O
(1]
servo cycles (1]

Apply

Double Notch

Notch and Low Pass [1]
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Plot

The Plot window can be used for gathering data from within Power PMAC and plotting it. This
tool cannot be used for real-time plotting; for this case the Scope tool should be used. The Plot
window can be configured through four steps:

1. Possible Data Sources
2. Data to Sample

3. Data Processing

4. Plotting

These steps are outlined at the top of each pane in the Plot window as shown below:

TEESTRTTE L ST

File View Gather Options

Step 1 - Possible Data Sources Selected Preset  Your Preset Name Here v [ Save ] [ Delete ]

Quick | Detailed | Manual Step 2 - Data To Sample Step 3 - Data Processing Step 4 - Plotting
@-[JSys Left Axis
-] Motor Time(sec) >
-] Coord
@#-["]EncTable
(-[7]( ACC-5E ) Gate2[0]
(-] ( ACC-24E3 ) Gate3[0]
(#-[7]( ACC-68E ) GatelO[0]
-7 UserGlobal <

<<

>> >>

<<

Right Axis

<L

Scale Factor = 1

Sampling Settings Horizontal Axis
=
- rJ Time(sec)
() Phase S
o Function = »

Sys.ServoCount.a

Gather duration (ms): 500.00
@ Servo Max Gather Samples: 1000 | |

Sample Period: 10 0 1000

In the main plot window clicking on the Gather Options menu will list some options to change
how a gather is performed.

Gather Options

Legacy Mode
Auto Plot

Legacy Mode

Legacy Mode causes the Plot to gather data in the same method used prior to IDE version 2.1.
Data begins to be stored in a buffer on Power PMAC when the Gather button is pressed until
the Gather Max Samples is reached. When the Upload button is pressed, the data is stored in a
file on Power PMAC and then transmitted to the user’'s PC and formatted for plotting.
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Legacy Mode will be automatically enabled when the Plot control is connected to a device with
firmware older than 2.0.2.64, or when the device is detected as being under heavy load.
Devices detected as being under heavy load may have Legacy Mode disabled, but they are at
increased risk of the gather being interrupted or data being lost. If either condition occurs the
user will be notified. The screenshot below demonstrates the indication that legacy mode is
enabled:

File View Gather Options

Step 1 - Possible Data Sources Selected Preset  Your Preset Name Here v [ Save ] [ Delete }
l Quick | Detailed | Manual Step 2 - Data To Sample Step 3 - Data Processing Step 4 - Plotting
@] Sys Left Ads
-] Motor Time(sec) >>
#-[Z]Coord .
@#-[7]EncTable
(-] ( ACC-5E ) Gate2[0]
(#-[7]( ACC-24E3 ) Gate3[0]
(#-[7]( ACC-68E ) GatelO[0]
-] UserGlobal
Right Axis

Scale Factor = 1

Sampling Settings Horizontal Axis
=
= |j Time(sec)
() Phase s
R Function = -

Sys.ServoCount.a

Gather duration (ms): 500.00
@ Servo Max Gather Samples: 1000 [ |
Sample Period: 10 0 1000

Auto Plot

Auto Plot saves the user from needing to press the Upload Data and Plot Data Buttons. When
Gather.Enable changes from a value of 3 or 2 to 1 or 0 a plot is generated using the current
settings in the Plot Control. Auto Plot may only be enabled while Legacy Mode is disabled.

Step 1 — Possible Data Sources

There are three tabs in the Plot Window underneath the heading “Step 1 — Possible Data
Sources”: Quick, Detailed, and Manual.

Quick Plot
The Quick tab only displays motors that have been enabled (i.e. Motor[x].ServoCtrl > 0).

Power PMAC IDE User Manual 133




Menus

@ Plot : Oniine[10.349.226:55H]
File View Gather Options

Step 1 - Possible Data Sources Selected Preset  Your Preset Name Here

Quick | Detailed I Manual Step 2 - Data To Sample Step 3 - Data Processing
+~[¥]Motor1
-~ [CIMotor2 Time(sec) Time(sec)
; -[7]Motor3 Motor{1]. ActPos Moko?1!l‘d Position
.. [F] Motord Motor{1].DesPos Motor{11 Cmd Postion

Motor{1]igcmd Motor{1] Act Velocity

Motor{1] Cmd Velocity
Motor{1] Act Acceleration

Motor{1] Cmd Acceleration
Motor[1] Following Eror
Motor{[1] Servo Cmd Out

<<

e )

i i Scale Factor = 1
Sampling Settings Horizontal Axs
Offset =0

D Time(sec)
‘ load Data .

Function = Motor 74| <<
|[1].DesPos.a

©) Phase

Gather duration {ms):
Max Gather Samples:
Sample Period:

Selecting the enabled motor automatically puts commonly used motor structures into Step 2’s
and Step 3’s panes.

Detailed Plot
The Detailed tab shows all of the available structure trees whose structures can be plot. Click
the plus button (#) next to each structure tree’s name in order to display all of the elements or
substructures within that tree:
Step 1 - Possible Data Sources

Detailed Manual

R Sys

Mataor

[ Coord

EncTable

J]{ ACC-BE ) Gate2{0]
[ ACC-BEP3 ) Gate3[0]
[T UserGlobal

Click the check box to the left of the structure or element to be included in Step 2 as a data
source to sample.
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Manual Plot

Clicking the Manual tab allows the structure name to be entered if the exact structure name is
known:

Step 1 - Possible Data Sources

Quick | Detaied | Manual

Commands Can not be used for gather.
Like...

$55. %58 188

Reboot, H#<Mator Mumber>Out<Value:,
Kill and all other posssible Online
Commands

For example, Motor[1].ActPos could be entered to gather that structure directly.

Step 2 — Data to Sample

Select the data source to be sampled by clicking the data source and then clicking the double
right arrow (»]) button to add the data source to the Data Processing field for use in Step 3:

Step 2 - Data To Sample

Tlmel'seu::i

Motor[1].ActPos
Mator[1].DesPos
Motor[1]igcmd

TA) W
TN W

Clicking the double left arrow (i) button will remove an item from Step 3 and put it back into
Step 2.
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Step 3 — Data Processing
To choose how to offset and scale the data multiply the raw data by a constant and/or add a
constant to it before plotting the data.

All data is, by default, not scaled (i.e. it is multiplied by a scale factor of 1) and has an offset of
0. In order to modify the scale factor or the offset first select the data source required and then
click “Scale Factor” or “Offset” as shown in the red box below:

Step 3 - Data Processing

Timel'sec:i

Motor[1] Act Posttion
Motor{1] Cmd Position
Mator[1] Act Velocity
Mator[1] Cmd Velocity
Motor{1] Act Acceleration
Mator[1] Cmd Acceleration
Motor[1] Following Emor
Mator[1] Servo Cmd Out

Scale Factor = 1
Offget =0

This opens the “Process Data” window as seen below:

p =

‘ Process Data El@

Scale and Cffset Data Processing
Scale Fau:tnr1 3
Function Mame Fix) = Motar[1] Act Position
4
Process = S5Scale Factor ™ ( Motar[1]. ActPos ) + Offset

Oﬁse? Awvailable Pmcess? Add(+) ¥
0

Available tems: 6 Timelzec) -

9
Insert / ‘ ‘ |pdate 8 ‘ ‘ Cancel ‘

The various elements of the Process Data screen are described below. Each description
corresponds to the superscripted red numbers superimposed in the screenshot above:

Scale Factor (1):
This number multiplies the data item as shown in the equation in Process (4).
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Offset (2):
This number will be added to the product of the data item and the scale factor as shown in
Process (4).

Function Name (3):
This is the name of the result of the data processing as listed in the box under “Step 3 — Data
Processing” on the main Plot screen.

Process (4):

Process is the result/output of the data processing. In other words, “Process” is equal to the
expression shown to the right. By default, the process is simply to multiply the data item
selected by the Scale Factor (1) and then add the Offset (2).

Available Process (5):
This dropdown menu shows all of the processes which can be included in the Process (4)
equation:

Available Process: |[TREIE] u Add

Available tems: I' Add
Mul(*)

— Diwi)
1st_Derivative(d/dt)

inset 2nd_ Derivative(d2/dt) e

And(&)
()

The functionality of each process in the list is described in the table below:

Process Symbol Functionality

Add(+) Adds a number’ specified in the Process equation to the Data Item

Sub(-) Subtracts a number’ specified in the Process equation from the Data
Item

Mul(*) Multiplies a number’ specified in the Process equation by the Data
ltem

Div(/) Divides the Data Item by a number’ specified in the Process equation

1st_Derivative(d/dt) Performs the numerical 1% derivative of the Data Item

2nd_Derivative(d?/dt?) | Performs the numerical 2" derivative of the Data Item

And(&) Performs a bitwise AND with the data and a number® specified in the
Process equation
or()) Performs a bitwise OR with the data and a number’ specified in the

Process equation

"This number can either be a hard-coded constant or another Data Item selected in Available
Items (6).
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After selecting the process to use click the (% | putton to the right of the dropdown menu to add
that process to the Process (4) equation.

Available ltems (6):
Other Data Sources can be incorporated into the Process (4) equation. To do this click the
“Available Items” dropdown menu to select the Data Source required to be added to the

Process equation and then click the (44 | pytton:

Awailable tems: Time(z=c)| | | Add

———————— Motor[1] Act Position
Matar[1] Crmd Pasition L
inset Motor{1] Act Velocity >
Matar{1] Cmd Velocity
Motor[1] Act Acceleration
Matar[1] Crmd Acceleration
Motor[1] Following Emor _

Motor{1] Servo Cmd Out a

=

Insert (7):
Click this button to insert the data processing entry into Step 3’s list of items back on the main
Plot screen.

Update (8):
Click this button to update this entry, if it already exists, with the settings selected.

Cancel (9):
Click this button to cancel modifying this entry.

Step 4 — Plotting
In Step 4 the items to be plot can be configured to specific Axis. The axes available are the Left
Axis, the Right Axis and the Horizontal Axis.

To add an item to an axis select the Data Source required to be added from Step 3’s list of
items and then click the double right arrow button (=) next to the list box:

e Click the arrow () indicated by the superscripted red “1” shown in the image below to
add the data source to the Left Axis.

e Click the arrow () indicated by the superscripted red “2” shown in the image below to
add the data source to the Right Axis.

e Click the arrow () indicated by the superscripted red “3” shown in the image below to
add the data source to the Horizontal Axis.
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Step 3 - Data Processing

Timelzec

| Motor]1] _ Pasition
Motor[1] Cmd Position
Mator[1] Act Velocity
Motor[1] Cmd Velocity
Mator[1] Act Acceleration
Motor[1] Cmd Acceleration
Mator[1] Following Emor
Motor[1] Servo Cmd Out

Scale Factor = 1
Cffset =0

Function = Matar p
[1].ActPos.a ™

Step 4 - Plotting
Left Aoz

Mator[1] Act Position

Right Feds

Motor[1] Cmd Velocity

Horizontal fods

Timelzec)

Menus

Click the double left arrow button (i) next to each axis’s list box to remove that item from the

axis:

e Click the arrow () indicated by the superscripted red “4” shown in the image above to

remove the data source from the Left Axis.

e Click the arrow ()) indicated by the superscripted red “5” shown in the image above to

remove the data source from the Right Axis.

e Click the arrow ()) indicated by the superscripted red “6” shown in the image above to

remove the data source from the Horizontal Axis.

Gathering and Plotting

The final step is to gather, upload and plot the data.

Sampling Settings

The sampling settings controls in Step 1 sets how many samples are gathered per data source

and the sampling period for gathering:
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Sampling Settings

) Phase U
@ Servo Max Gather Samples: 3639

Sample Period: 10

Menus

The “Sample Period” is in units of servo periods. For example, if the sample period is set to
equal to 1 then this will sample every servo period.

“Max Gather Samples” specifies the maximum number of data points to sample per source.

Selecting the slider underneath “Sampling Settings” will show how many seconds of data will be
gathered based upon the “Max Gather Samples” and the “Sample Period” settings chosen.

The plot program supports gathering at the
Phase rate as well. The settings are similar
to Servo rate sampling settings.

The Gather Settings window in the lower
left corner of the Plot window (shown on the
right) shows settings describing the sources

Gather.Enable=0

Gather. Addr{0]=Sys.ServoCount.a
Gather. Addr[1]=Motor[1].ActPos.a
Gather. Addr{2]=Motor{1].DesPos.a
Gather.Addr{3]=Motor[1ligcmd.a
Gather Addr{4]=Motor[2] ActPos.a
Gather. Addr[5]=Motor{2].DesPos.a
Gather Addr{6]=Motor[2].igcmd.a
Gather.ltems=7

»

>

m

I

to gather, whether to use servo period or phase period, etc., that will be used for gathering.

Gathering

To start gathering the data click the “Gather Data” button as shown in the red box below:
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File View Gather Options

Step 1 - Possible Data Sources Selected Preset  Your Preset Name Here Save

Quick | Detailed | Manual Step 2 - Data To Sample Step 3 - Data Processing Step 4 - Plotting
+~[¥]Motor1 Left Ads
+~[CMotor2 Time(sec) Time(sec)
+~[C]Motor3 Motor{1].ActPos Motor{1] Act Postion

-[7| Motord Motor{1].DesPos Moto (1]Cmd Position |

Motor{1]igemd Motor{1] Act Velocity £

Motor{1] Cmd Velocity
Motor{1] Act Acceleration

Motor{1] Cmd Position

Motor{1] Cmd Acceleration
Motor[1] Following Eror
Motor{[1] Servo Cmd Out

>>

<L

) ) Scale Factor = 1
Sampling Settings Horizontal Axs
Offset =0

U Time(sec)
Gather duration (ms): 500.00

| Function = Motor
Upload Data [1].DesPos.a
Max Gather Samples: 1000 | — ]

Sample Period: 10 1000 1000

() Phase

Plot Data

The progress meter, which is located beneath the “Upload Data” button (surrounded by a blue
box in the image above), will fill up with green as the data is being gathered. Once the meter is
full with green click “Upload Data”. The process can be stopped while gathering data by clicking
the “Stop” button - this replaces the “Gather Data” (surrounded by a red box in the image above)
while data is being gathered.

After clicking “Upload Data” and the data has been uploaded click “Plot Data” (surrounded by a

purple box in the image above). This button will be greyed out until the data has been
successfully uploaded.
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Plot Tools

Clicking the “Plot Data” button opens a plot for the selected data sources. In this example the
actual position of motor 1 is being plotted on the Left Axis as a function of time on the horizontal
axis:

o' Power@IAC Plot =N EeR|=
View Tools
Fower Pmac Flot
| —— Motar[1] Act Position |

e
1)
=
=
—
[=
[=]
=
[
o
ul
o
T
=
=
[=]
=
[=]
=

1.0
Time({seac)

Tools for Saving and Exporting Plots and Raw Data
Clicking the File menu shows tools for loading and saving plots:

@ PowerPMAC Plot

File | View Tools

Open Plot
Save Plot

Save Raw Data

Open Plot
Opens a plot saved previously with the “Save Plot” command.

Save Plot
Saves the contents of the current plot and the plot formatting settings in the

ok

.ppp” file format.

Save Raw Data
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Saves the raw data contents of the plot without the plot formatting settings. This file is in the

“* txt” file format. This file consists of tab-delimited columns. The first row is the name of the
data source. Subsequent rows contain the data points in double precision. The leftmost column
is the first data source for the Horizontal Axis selected. The next column is the next data source
for the Horizontal Axis. After that, subsequent columns consist of the Left Axis data sources in
order and then the Right Axis data sources.

For example, motor 1’s actual and commanded position are on the Left Axis, the actual and
commanded velocity on the Right Axis, and Time on the Horizontal Axis as shown below:

File View Gather Options

Step 1 - Possible Data Sources Selected Preset  Your Preset Name Here v { Save ] [ Delete ]

Quick | Detailed | Manual Step 2 - Data To Sample Step 3 - Data Processing Step 4 - Plotting
-[¥] Motor1 Left Ads
~[Cwetor2 Time(sec) Time(sec) >> —
~[[JMotor3 Motor{1] ActPos Motor{1] Act Position . Motor(1] Cmd Posttion

[ Motord Motor{1].DesPos Motor{1] Cmd Postion Molof] PAct:Fostion

i —
Motor({1] Cmd Velocil

Motor[1] Act Acceleration

Motor{1] Cmd Acceleration

Motor{1] Following Emor

Motor{1] Servo Cmd Out Right Axis

Motor{1] Act Velocity
[«

Motor{1] Cmd Velocity
<L

< | m

) ) Scale Factor = 1
Sampling Settings Horizontal Ads
Gather Data Offset =0 s

, 0 ]
() Phase
’ (<]

Time(sec)

Function = (d/dt) Motor  » <<
Upload Data [1].DesPos.a

Gather duration {ms): 500.00

Max Gather Samples: 1000 ! 1

Then the exported data file will appear as such (only the first few rows are being shown):

Time (sec) Motor[l] Act Position Motor[l] Cmd Position Motor[l] Act Velocity Motor[l] Cmd Velocity
.000000 73153818.000000 73153818.000000 5000.000000 5000.000000

.002000 73153828.000000 73153828.000000 5000.000000 5000.000000

.004000 73153838.000000 73153838.000000 5000.000000 5000.000000

.006000 73153848.000000 73153848.000000 5000.000000 5000.000000

.008000 73153858.000000 73153858.000000 5000.000000 5000.000000

.010000 73153868.000000 73153868.000000 5000.000000 5000.000000

.012000 73153878.000000 73153878.000000 5000.000000 5000.000000

.014000 73153888.000000 73153888.000000 5000.000000 5000.000000

O OO OO oo o

This can easily be imported into, for example, Microsoft Excel™ for further processing if desired.
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Tools for Filtering Data and Creating Power Spectra
Clicking the View menu will show some tools for filtering the data and plotting power spectra:

@ PowerPMAC Plot

These tools work as follows:

FFT

This tool will perform a Fast Fourier Transform (FFT) of the data. It is possible to choose
whether to filter the signals or not or whether to plot the vertical axes in units of decibels (dB).
Choosing to filter the data will perform a Hanning window filter on the data. If not, it will use a
Uniform/Rectangular window. The Horizontal Axis will not be logarithmic.

Smooth
This tool will filter the chosen plot signals with a moving average whose order can be set from 0
to 10:

Moving Average Filter @

Filter signals using a moving 2
average fitter of order

—

The default filter order is 2. The filter sums groups of points (the number of points in the sum is
equal to the order of the filter) and then divides by the order of the filter. The equation of the
filter is as follows:

L1

where p; is a point on the plot, where j runs from 0 to the total number of points on the plot, N is
the order of the moving average filter, and ax is a point of data in the group of points of size (N +
1) presently being processed by the filter.
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Saving and Loading Plot Configurations
In the main Plot window clicking on the File menu will list several tools:

=

o5 Plot: Gnline[lgl.lﬁa.ﬂ.lﬂﬂ:SS‘

File | View

Mew Plot
Open Plot From File

Open Configuration File

Save Configuration File

Open Configuration File With Data
Save Configuration File With Data

Export Gather Data

These tools work as follows:

New Plot
This tool wipes this Plot window of all settings and shows a default, blank Plot window.

A The Plot Window will retain the plot settings chosen for this project until a New
o Plot is clicked to wipe it clean.

Note

Open Plot From File
This tool opens a plot previously saved by clicking File =Save Plot from within a plot of data as

in the screenshot below:

b= PowerPMAC Plot [ = e =

Open Plot

Save Plot

Save Raw Data

1.0
Time{sec)

Open Configuration File

Power PMAC IDE User Manual 145



Menus

Opens a configuration file containing the plot settings previously saved by clicking “Save
Configuration File” in this Plot Window.

Save Configuration File

Saves a configuration file containing the plot settings for this present instance of the Plot
Window in the “*.cfg” file format.

Open Configuration File with Data

Opens a configuration file containing the plot settings previously saved, along with the data
previously saved by clicking “Save Configuration File with Data.”

Save Configuration File with Data

Saves a configuration file containing the plot settings for this present instance of the Plot
Window along with any data presently uploaded to the PC from Power PMAC in the “*.prj” file
format.

Export Gather Data

Exports any data presently uploaded to the PC from the Power PMAC in the “*.gat” file format.

Selected Presets
Selected Presets allow for rapidly switching the gathered and plotted items to previously saved

selections. Once the plot contains the setup to be saved, type a name for the setup in the
“Selected Preset” field (boxed in blue in the image) and press the “Save” button (boxed in red):

I = = = N
S Pot: °"""e“°-34-9-22"=33“14—m@@‘ﬂ
File View Gather Options
Step 1- Possible Data Sources Selected Preset fMotor1ActPos5kSsp ) Fsave | [ Deete |
[ Quick [ Detaied | Manual| Step 2- Data To Sample Step 3 - Data Processing Step 4 - Plotting
[¥]Motor1 Left Ads
[F]Motor2 Time(sec) Time(sec) H —
[EJMotor3 Motor[1] ActPos Motor{1] Act Postion (2] it poton
[Z]Motor4 Motor{1].DesPos Motor{1] Cmd Position .
Motor{1]igemd Motor{1] Act Velocity 3
> Motor{1] Cmd Velocity
Motor{1] Act Acceleration
Motor{1] Cmd Acceleration
I << Motor{1] Following Eror
Motor{1] Servo Cmd Out Right Axis
<<
l: ather Setin ”J o 1 »
Scale =
Sampling Settings Horizontal Axds
— Gather Data Offset = 55
{ J Time(sec)
Phase
- <<
Gather duration {ms): 1250
@ Servo Max Gather Samples: 5000
Sample Period: 5 0 5000
1
||

To switch to a different preset, select the item in the “Selected Preset” field’s dropdown menu:
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Plot : Online[10.34.9.226:SS|
File View Gather Options
Step 1 - Possible Data Sources EELLCLRG T ) Motor] ActPosSkSsp Save
orl
Quick | Detailed | Manual Step 2 - Data To Step 4 - Plotting

Motor1 Left Axis

i.[F] Motor2 Time(sec) Time(sec)
~[CIMotor3 Motor{1] ActPos Motor{1] Act Position Motor{ 1 Act Position
[ Motor4 Motor{1]. DesPos Motor{1] Cmd Position
Motor{1]igemd Motor{1] Act Velocity
Motor{1] Cmd Velocity
Motor{1] Act Acceleration
Motor{1] Cmd Acceleration
Motor{1] Following Emor
Motor{1] Servo Cmd Out

Scale Factor=1

Sampling Settings 2 %
Offset =0 Horizontal Axis

U Time(sec)

| Function = Motor
[1].DesPos.a

) Phase

Gather duration {ms): 1250
Max Gather Samples: 5000
Sample Period: 5

Alternatively pressing the Enter key, while the cursor is in the “Selected Preset” field and the
field contains the name of a previously saved preset, will load that preset. To delete a preset
type of its name in the selected preset field or select it from the dropdown and press the delete
button. To overwrite an existing preset with different options select it from the dropdown menu
or type its name in the Selected Preset field, change the Sampling, Gather, Processing, and/or
Plot options, and press the Save button.

Scope

The scope tool enables the plotting of data in near real-time. The interface looks like this:

Selecting the Data to Scope

Possible Data Sources

Detailed | Manual

~{zJ Time{msec)
-4 Sys

-~ Motor T RSN
£}« + Coord

o) EncTable

- (ACC-24E3)Gate3[0] i

i) ( ACC-G8E ) GatelO[1] " : I
-4 (ACC-59E3 ) Gate3[2]

()4 ( ACC-36E ) GatelO[6]

- (ACCS1E ) Gate (6] as | : + : - . - i (R
k)

k)

k)

5

5

b ( ACC-24E2S ) Gate 1[7]
tsa ( ACC-59E ) GatelO[7]
tsa ( ACC-84E) GatelO[8]
tsa ( ACC-70E ) GatelO[9]
“& UserGlobal

Time(msec)

8 Wm0 B B B B e

Channels Graph Properties
Offset Scale © Auto Scale  Background Color |
© Manual Scale |

X Axis X Axis Properties

sec o Ca——

Time{msec) | @ | GatherServoCycles |1 [2] (0.443msec)
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Under the “Detailed” tab on the left select the structure to scope. Click the plus button (=) to
expand the structure tree, right-click the structure and then click “Add Command to Channel” as

shown below:

P Power PMAC Scope :Online[10.34.9.239:SSH] :
Possible Data Sources

Detailed | Manual !

=l Motor[0]

= Motor{0].Abort Ta

= Motor{0].Abort Ts

- Motor{0].AbsPhasePosForce
- Motor[0].AbsPhasePosFormat
~-wl¢ Motor{0].AbsPhasePosOffset
¢ Motor{0].AbsPhasePosSF
= Motor{0].AbsPosFormat

-« Motor{0] AbsPosSF

-wl Motor{0] ActiveMasterPos

i >

PLOCESEE

| ~-wly Motor{0] ActiveMasterPosSf

= Motor{0] AdcMask

2l Motor{0] ActBa=
¢ Motor{0].A E Add Command To Channel
=l Motor{0] ActVe |

= Motor{0] AdvGain

-l Motor{0]. AmpEna

-wi Motor{0] AmpEnableBit

-l Motor{0] AmpFautt

=& Motor{0].AmpFauttBit

s Motor{0] AmpFaultLevel
s Motor{0] AmpWam

-ty Motor{0]. AuxFault

I =& Motor[0] AuxFaultBit

~w Motor{0] AuxFauttCourt

-~ Motor[0] AuxFaultLeve!

=l Motor{0]. AuxFault Limit -
| — T T—

Channels

Scale

Time{msec)

Graph Properties

@ Auto Scale  Background Color l_
(©) Manual Scale

X Axs Properties
SEC/DIV B <] msec

| Gather Servo Cycles |1 &/ (0.443 msec)

Alternatively click the “Manual” tab and type in the command to add to the channel:

Fossible Data Sources

Manual

gather.

Like...

L
Reboot, #<Motar

Commands Can not be used for

Mumber=0ut <Values, Kill and all

The exact structure name must be entered. After typing the command click “Add” to add it to the

channel.
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Changing Vertical Axis Settings

The offset, to add to the data, and the scale factor, by which to multiply the data, can be
modified before plotting by changing the Offset and the Scale fields, respectively, in the box
underneath “Channels” as shown below:

Channels

Cffset Scale

T - | ©

To delete the command from the channel click the Delete button (@). To select this channel

as the primary vertical axis click the E] button. To change the properties of this channel, click
the Properties button ().

Clicking the Properties button will show the Channel Details dialog box as shown below:

a5’ Channel Details @otor[1]. ActPos o[- )
Properties
Minirmum 0] Mazimum 100
Minar Unit 0 Major Unit 10
Show Minor gridline [ Show Major gridine [
Symbal Type [Nune v]
[ Save ] [ Cancel

The minimum and maximum limits and the minor and major units for the vertical axis which this
command occupies can be set here. Note that these scales will only be used if “Manual Scale”
is selected under Graph Properties on the main Scope window.

To show or hide the minor and major gridlines select the Check boxes.

The symbol type to represent each data point can be selected. The symbol types that can be
chosen are shown below:
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a2 Channel Details : Motor{1].ActPos [ =n =<
Properties

Minimum 0 Maxdmum 100

Minor Unit 0 Major Unit 10

Show Minor gridiine [ Show Major gridiine [~

ekl " —

None
Square

Diamond e

Triangle

Circle

HCross

Plus

Star

Triangle Down

HDash

WDash

UserDefined XA
Default M=%

Click the “Save” button to save the settings and leave the Channel Details window.

On the main Scope window choose whether to have the IDE automatically scale the Scope
window’s limits based upon the size of the data by clicking on “Auto Scale” (surrounded by a red
box in the image below) under Graph Properties:

: - = » » - » - =) g
(‘ PowerPMACgpethne[lO.MQlB?.S_ e o Sl S =

Possie Daa Saurcs ppocESEE
Detaded | Manual

Power PMAC Scope

o Sanle : =mnam
w Sys AbortAllBt
& Sys AbotAlCount
& Sys AbortAlLimt
& Sys AdaptiveQul
w Sys BgDeltaTime
w Sys BgSleepTime
™ 5\ BgTime
w« Sys BgWdTimer
“ Sys BgWDTReset
“ Sys BufPos(l]l
“ Sys BuiSizeErr - -
w Sys BusQu])
4 Sys CamEnable
« Sys CardDPRAUtoDetect Channels Graph Propetties f
& Sys CardiOAutoDetect Offset Scale © Ao Scale
w Sys Cdata[] ] - |
= Sy CodksF B 5- 55 : i | @ | [ Manual scse |
« Sys Clock Source
w Sys CompEnable
wa Sys CompMotor
“ Sys CorfigloadEm

w Sys Coords
& Sys CPUFreq X Ads Propetties

& Sys CpuTemp SEC/DIV B .j msec
& Sys CPUTimerintr Time(msec) @ | GatherServoCyces |1 ~| (0.443msec)
w Sys Ddata[] -

To choose Manual scaling instead select “Manual Scale” (surrounded by a purple box in the
image above)

and set the limits in the Properties menu which is opened by clicking on the button for the
channel whose limits are to be modified. To change the colour of the Scope’s background click
on the Background Colour button (surrounded by a blue box in the image above).

Changing Horizontal Axis Settings
The horizontal axis Time is in units of milliseconds. The horizontal axis’s properties are listed in
the bottom right corner of the Scope window:

Power PMAC IDE User Manual 150



Menus

¥ fods Properties

SEC/ DIV R - | msec

Gather Servo Cycles |10 = (2.000 msec)

The seconds per division can be changed by clicking on the SEC / DIV button. The select
divisions available are 2, 5, 10, 50, 100, 200, 500, or 1000 msec.

The plot period can be specified by typing a value, in units of servo cycles, to the right of
“Gather Servo Cycles”. The Scope window will calculate the number of msec which the number
of servo cycles chosen occupies. The speed at which gathered points are plotted is calculated
automatically. It appears next to “Plotting is behind by x” below the live scope as “Filter = x”
which indicates that 1 of every x point is plotted. All data up to the allowed buffer size is
retained for “Graph all Data points” even if it is not plotted live. Information on how far behind
the plot is can be seen on the bottom of the plotting area as shown by the red box in the image
below:

PLLOO

Power PMAC Scope

Motor[1].ActPos |

Time(msec) -

PIDttinJ] is Behind by 411 msec

Scope Controls

Several tools are available for manipulating the Scope plot area as highlighted in the red box in
the image below:
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@ Power PMAC Scope :0nline[192.168.0.200:55H]

[E= e )

Passible Data Sources ﬁ ﬁ G

S G |

Detailed | Manual

----- Motor{1].AbsPhasePc »
Motor[1].AbsPhasePc
Mater(1].AbsPhasePe| =
Motor{1].AbsPhasePc!
Mator[1].AbsPosForm _
Metor{1].AbsPosSF °'
Motor[1]. Active Maste -
Motor[1]. ActiveMaste
Motor[1]. ActPos

—

Motor[1].ActPos

Power PMAC Scope

Mator[1].ActPos2 225841 4
Motor{1]. ActVel
Motor[1] AdcMask

Motar[1] AdvGain
Plotting is Behind by 250 msec

Motor[1].AmpEnableE

Motor{ 1].Amp Fautt Channels

Graph Properties

Motaor[1].AmpFaultLey
Motor[1].AmpWam
Motor{1].BIComp Size
Motor{1].BIDesPos
Mator{1].BIDir
Motor{1].BlHysteresis

(= ] Motor{1].ActPos 0

Mataor[1].Amp Fault Bit Offset Scale

) Manual Scale

Motor{1].Block Reque
Motor{1].BlSize

X Puis Properties

Motor[1].BlSlewRate
Motor{1]. BrakeCffDel -

-l
-
-
-
-
-
-
-
-
-
-
-
-
----- = Motor[1].AmpEna
-
-
-l
-l
-
-
-
-
-
-
-
-
-

Time({msec)

SEC / DIV
[ %) Gather Servo Cycles

@ Muto Scale  Background Color

~| (2.000 msec)

The table below describes the functionality of each of the buttons:

Control Symbol Tooltip Description

Functionality

‘ Zoom In

Makes the plot area occupy the entire Scope

window

B Zoom Out

Returns the plot area to the upper right

corner of the Scope window

Start

Starts gathering and plotting data

Stops gathering and plotting data

Stop

Clear Graph

Clears the plot area of the Scope window

Open Plot from a File

Opens a Power PMAC Realtime Plot (*.csv)

file (see next row down)

Save Plot to a File

Saves the plot’s contents to a Power PMAC

Realtime Plot (*.csv) file
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Plots everything gathered so far (everythin
Plot All Gather yning d ar (everything
H . presently in the gather buffer) in the plot
Points .
area of the Scope window.

Tune (Legacy)

The Tuning tool can be used to tune current loops and position (servo) loops the motors.
“Tuning” refers to the process of adjusting the gains in the control loop until the desired
performance level is achieved. The Tune tool can be used to configure filters for the position
and velocity loops and trajectory prefilters.

Access the Tuning by clicking Power PMAC —=>Tools = Tune:

Tune

Plot

Scope

Tune (Legacy)
Cam Sculptor

Task Manager

Although the Basic Tuning software provides “automatic tuning” of the servo loop this automatic
tuning is only intended as a starting point. It might get the motor to jog but probably will not tune
the motor to the exact performance specifications desired. Thus, it is recommended to always
use the Tuning software to do any interactive tuning in order to obtain the performance goals
desired.

Tuning Window Layout
Clicking the “Tune” button in the menu shown above opens up this screen which is the default

layout for the Tuning Window:
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@ Tune : Online[192.168.0.200:55H) - o x
Select Motor Cunenilo una,_Position Loop & feracive Fiter Seup L Selup
4 6l Trapezoidal Vel SCurve Sme  Sine Sweap Custom
@
(] Size 1000 my
Integral Gain (K) 9 99590872-05
Time 500 ms
FeedForward Gains
Velocity Feedforwerd Gain 1 (Kvif) 40
Velocty Feedionard Gan 2 (Kvilf) 0
Acceleration Feadiorward Gain (Kaff) 0
Friction Feedionward Gain (Kfff) 0
Integrs| Mods (SWZvint) o Mave Options
o0 Kill Motor [ same Dirsction
Fatal Following Error Limit (FatalF eLimit) a After the Mave
#1 Jog! Servo Output Limit (MexDac) 28000 ] ot ] Fepeiive
500 ms
Serva NonLinearities
#1 0wd Input Deadband Size (BraokPosErr) i Select Plot lems
Input Dendband Goin (KBreak) 0 Filter Coleuiotor
Left Aws Poston
Output Deadband Inner Size (OutDbON) o
Output Deadband Outer Size (OWDbOH) ] Eus EanE -
Output Deadband Seed (CulDbSeed) d Sheow S e oem [ Piot to New Chart
Commutation Status Motor Stotus Motor Type Sarvo Algorithm Posiion Loop Fiter Info Trojectory Prefilier Info
mlo  Oulput Debug Emor  Waming

The first tab that opens by default is the “Position Loop Interactive Tuning” tab. This enables the
commanding of various test trajectories to the motors, to observe the motor’s response and then
adjust the servo loop gains accordingly.

To refresh this window right-click and click Refresh or hit CTRL+R on the keyboard.

Trajectory Selection
Step  Ramp Parabolic Vel. Trapezoidal Vel. SCurve Sine  Sine Sweep Custom

Move Parameters

Size | 1000 | mu

Time |5DD | ms

Refresh
Upload Filter File

To create a file containing values used to calculate servo loop filter or trajectory prefilter
parameters that have been configured in Power PMAC right-click on a blank grey space on the
tuning screen and then click “Upload Filter File” as shown in the red box below:

The file (filterinfo.flt) is added to the Configuration folder in the IDE project as shown in the red
box below:
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Solution Explorer v B X
@ - FL -
Search Solution Explorer (Ctrl+;) P -
) PowerPMAC53
b System

Tools

P

I C guage

- Configuration
[ filterinfo.flt

[ pp_custom_save.cfg
[ pp_custom_save.tpl
j pp_disable.txt
ﬂ pp_inc_disable.txt
j pp_inc_startup.txt
[ pp_save.cfg
j pp_startup.bt
[ systemsetup.cfg

P Documentation

Log

PMAC Script Language

v v

This file contains values that the Tuning software uses to calculate filter gains. Understanding
the file’s contents is not important for the user. If this file is present in the Configuration folder,
when the Tuning software window is opened, the software will load these settings into the
Tuning window in order to show what filter settings are currently being used.

The Tuning software will also compare the values from this file against the filter parameters
currently in the Power PMAC and will give a warning if they differ. If the parameters differ, and
the filter gains specified in the file are to be retained rather than the filter gains currently in the
Power PMAC, go to the Tuning window corresponding to the filter, for example for Servo filters,
go to Interactive Tuning =Filter Calculators; or for Trajectory Prefilter, click on the Trajectory
Prefilter tab, and then click Calculate =»Implement. Note that this file does not contain the
Power PMAC parameters but rather the values used to calculate filter-related the Power PMAC
parameters.

IDE V4.2 onwards additional button “Export current motor<n> settings to current
project where n is motor number currently selected for tune. Click this button

when satisfied with tune result to copy settings to motor file in currently open
‘ project.
& Export motor 1 settings to the

curment project
Note Button to click:

Output Tab
The Tabs at the bottom of the screen contain useful information. Each tab contains a different

type of information. There are five tabs as shown below:
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Info Output Debug Eror Warning

#1jog/
#1outl/
#1kill
#1kill
#1jog/
#1kill

Hlinnl

Info
This tab displays any changes that the Tuning window made to Power PMAC parameters.

Output
This tab displays any I/O stream text that the window might print.

Debug
This tab announces what operations the window is trying to perform; for example, it will
announce that it is preparing a step move or that a trapezoidal move just finished successfully.

Error

The tab will show any errors that the window reports. For example, the Error window will print an
error message if the Tuning window tries to command the motor to move for its Automatic
Tuning procedure and the motor's Minimum Move is not made.

Warning
This tab gives any programming warnings that the window reports.

Position Loop Interactive Tuning
In the screenshot of the Position Loop Interactive Tuning window, under the heading “Tuning

Window Layout”, the servo loop gains, and other parameters related to servo control are shown
within a green box. These can be adjusted, and the program will change the associated
parameter within the Power PMAC.

Since the servo loop gains change as they are altered in the Tuning window
only safe gains must be entered in order not to damage the motor or cause it to

- go unstable, potentially damaging equipment or people.
Caution

To understand the exact structure with which the gain parameters listed are associated just
hover the mouse cursor over the parameter and a tooltip will appear with the structure name. In
the example screenshot below “Derivative Gain 1” shows, via the tooltip, that the associated
structure is Motor[x].Servo.Kvfb:
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FeedBack Gains
Proportional Gain (Kp) |D.‘I |
Derivative Gain 1 (Kvfb) o |
Derivative Gain 2 | Motor[x].Servo.Kvfb 0 |
Integral Gain (Ki) 0.0099999998 |

Test Trajectories
In the screenshot of the Position Loop Interactive Tuning screenshot the various test trajectories

which the motor can be commanded to are shown. These test trajectories can be useful for
identifying characteristics of the motor and tuning it systematically. There are eight different test
trajectories available:

Step,
Ramp,
Parabolic Velocity,
Trapezoidal Velocity,
S-Curve Velocity
Sinusoidal, Sinesweep, and
e User Defined.
Most users only need to use Step and Parabolic Velocity as these can be used to tune K, Kd,

Ki, Kvff, Kaff, and Kfff. The other moves are available to simulate the kind of moves to which
might subject the machine to optimize the servo loop’s gains to get the performance required
during these kinds of moves.

Features Common to All “Trajectories Plots”

Note that there are several properties of the plot window used to display the motor’s response
and the test trajectory. Below is an example of a Step move:
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. Power PMAC Tune: Motor 1 Open Loop Step Move: 10/7/2024 2:24:00 PM — O X

File View Tools

Motor 1 Open Loop Step Move: 10/7/2024 2:24:00 PM

1000.00 4000.00

glnal 3000.00

600.00
2000.00
400.00

200.00 iy

0.00 0.00
2
2ol -1000.00
-400.00

Servo Command (m unit)

.’;‘?
E
=
=
=
E
=
o
=
ol
=
=
=
5
=<

-2000.00
-600.00

_800.00 -3000.00

-1000.00 -4000.00
100.00

Time (ms)

Yy

Stats Decimal Places 2 |5 v

Along the top of the window are three menus: File, View, and Tools.

File opens a plot that was previously saved, saves this plot, or saves the plot's data in a raw
data file:

File | View Tools

Open Plot {ppp)
save Plot (ppp)
Save Raw Data

Page Setup
Print Preview
Print

View allows the selection to subject the plot to a Fast Fourier Transform (FFT) or to smooth the
data out with a filter:

View | Tools

FFT
Smooth

FFT

This tool will perform a Fast Fourier Transform (FFT) of the data. Choose whether to filter the
signals or not or whether to plot the vertical axes in units of decibels (dB). Choosing to filter the
data will result in the IDE performing a Hanning window filter on the data. If not it will use a
Uniform/Rectangular window. The Horizontal Axis will not be logarithmic.
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This is an example screenshot of the above Step move transformed with an FFT with filtering
and with logarithmic axes:

Power Pmac Tune: Motor 3 Step Move: B/21/2012 =] B3]

Fie  View Tools

Motor 3 Step Move: 8/21/2012 3:27:42 PM

Comme tion —— Actual Position

Servo Command (dB)

@
el
c
S
E]
&
o
K]
3
Q
<
]
-
2.
bl
£ -
13
5 -
[5]

200 400 600 800 1000 1200
Frequency (Hz)
Peak Magnitude = 907.36 counts.Peak Time = 153.19 ms.
Rise Time = 88.99 ms.Overshoot = 0.8 %.Damping Ratio = 1.00 .
Natural Frequency = 6.26 Hz.Settling Time = 121.79 ms.

Smooth
This tool will filter the signals chosen to plot with a moving average whose order can be set from
0to 10:

Moving Average Filter @

Fitter signals using a maving -
average fitter of order 2

—

The default filter order is 2. The filter sums groups of points (the number of points in the sum is
equal to the order of the filter) and then divides by the order of the filter. The equation of the
filter is

Pi = l I:N ak,
N k=0

where p; is a point on the plot, where i runs from 0 to the total number of points on the plot, N is
the order of the moving average filter, and ay is a point of data in the group of points of size (N +
1) presently being processed by the filter.

Selecting Tools =>Modify Plot Items opens this screen:
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‘ Select Items to Plot

Add to
Left Axis

LR

Mormalize position w.r.t. to

pd
Add to
Right Axis
Position []
Velocity []
Acceleration |:|
Servo Command

Following Error

() initial position
® home position

OK

Add to left Axis

Choose which items to add to the left axis here

Add to right Axis

Choose which items to add to the right axis here

Normalize position

Check this box to normalize the position being plotted with respect to
the initial position or the home position, as selected by the radio

buttons to the right

OK

Click here to accept changes

Move Options

There are a few options that apply to all moves directly beneath the test trajectories section of

the window. Note by that

selecting “Repetitive Move” the move will execute repeatedly until

“Stop Repetitive Move” is clicked on the dialog box that pops.
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Trajectories
The various trajectories available are described below:

Step
The Step move commands a discontinuous change in desired position to the motor, dwells, and

then returns to the starting position. The motor then tries to immediately react to move to the

new position.
Move Parameters
Size | 1000 | mu
Time |5|:”} | ms
Step Move

The only parameters needed to be set are the Step Size, in motor units, which is the magnitude
of the instantaneous discontinuous change in position commanded to the motor and the Step
Time, in milliseconds, which is how long the desired position dwells before returning to the
starting position. These parameters can be in the Tuning window as shown to the left.

To keep the move within the linear region, wherein the tuning software operates best, it is
recommended to command within %2 to ¥4 of the motor’s revolution if a rotary motor, or within 2
to ¥4 of the motor’s electrical cycle if a linear motor.

When ready click “Step Move” to command the move. An example Step move appears below:
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. Power PMAC Tune : 1 Step Move: #1 10/7/2024 2:43:35 PM - O X

File View Tools

1 Step Move: #1 10/7/2024 2:43:35 PM

1400.00
1200.00
1000.00
800.00
600.00
400.00
200.00
0.00
-200.00
-400.00

Semno Command (m unif)

Command & Actual Position {m unit))
Mormalized w.r.t. fo home pos

100.00 200.00 300.00 400.00 500.00 600.00 700.00 800.00 900.00
Time (ms)

Stats Decimal Places 2 |3 v
Natural Frequency 4.98 Hz Overshoot 18.64% ~
Damping Ratio  |0.47 Rise Time 50.00 ms
Settling Time —1.00 m= Peak Magnitude 1183.30 mu
Peak Time 135.00 m RMS Following Error 20101 |y

The commanded position is shown in red (Motor[x].DesPos), the actual position in green
(Motor[x].ActPos), and the servo command (Motor[x].ServoOut) in yellow.

A This move is especially useful for determining the values of K,, K4, and Ki. See
& the “Tuning Guidelines” below for more details.

Note

Plotting the servo command on the right axis is always recommended for the Step move. This is
because it is possible to see when the servo command has saturated. The servo command has
become saturated when its value truncates and becomes completely flat indicating that the
servo command has reached its limit Motor[x].MaxDac. At this point increasing K, will not help
to improve the motor’s performance.

Ramp

The Ramp trajectory commands a linear increase in motor position in the positive direction for a
certain distance and then reverses that command for the same distance, returning the motor to
its starting position. The selectable parameters for this move are as shown below:
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Step Ramp Parabolic Vel. TrapezoidalVel. SCurve Sine Sine Sweep Custom

Move Parameters

Size 10000 mu
Velocity 10000 mu/ sec
Repetitions 1 S

Ramp Mave

“Move Distance” is the
distance [motor units] in
one direction the motor will
be commanded in a linear
fashion.

“Velocity” is the top speed
[motor units per second]
the motor will be
commanded to achieve.
“Number of Repeats”
describes how many times
to command the motor
forward and back.

Click “Ramp Move” when ready.

A plot similar to the one below will be shown:

Menus

. Power PMAC Tune : 1 Ramp Move: #1 10/7/2024 2:47:06 PM

File  View

1 Ramp Move: #1 10/7/2024 2:47:06 PM
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E
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o

Time (ms)

Stats Decimal Places 2 5

Following Error (m unit)

‘RMS Following Error | 141.09

Parabolic Velocity

The Parabolic Velocity move commands a parabolic velocity trajectory first in the positive

direction and then in the opposite direction to the motor. The parameters that can be specified

for this motor are shown below:
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Step Ramp Parabolic Vel TrapezoidalVel SCuve Sine  SineSweep Custom

Move Parameters - “Move Size” is the distance [motor units]
the motor will first travel in the positive
. direction before reversing and traveling
Size 4000 mu . : .
the same distance in the opposite
direction.
Time 500 ms

- “Move Time’ is the time span [msec]
within the motor will traverse the distance
specified in “Move Size” in the positive
direction, and then that same distance in
the opposite direction within the “Move
Time” time span again

Parabolic Velocity Move

Click “Parabolic Velocity Move” when ready.

A plot similar to the one below will be shown:

. Power PMAC Tune : 1 Parabolic Move: #1 10/7/2024 2:49:43 PM - O X

File View Tools

1 Parabolic Move: #1 10/7/2024 2:49:43 PM

Following Error (m unit)

=
E
=
c
S
=
k)
L=
@
=
=
=
L]
<L
=5
=
=
o
E
E
o
o

500
Time (ms)

Stats Decimal Places 2 3 v
Velocity Correlation 0.60 Max Following Error |-315.37 *
Acceleration Correlation |0.74 RMS Following Error [179.63 | v

This move is especially useful for determining the values of Kas, Kyir, and Kgr.
See the “Tuning Guidelines” below for more details.

Note

Power PMAC IDE User Manual 164



Menus

Trapezoidal Velocity

This trajectory commands a trapezoid-shaped velocity profile to the motor first in the positive
direction and then in the negative direction. Below are the parameters that can be adjusted for
this move:

Move Parameters . .
- “Move Distance’ is the total distance [motor

units] the motor will move in the positive

Size 10000 mu direction before reversing and traveling that

same distance in the opposite direction.

Velocity 10000 — e - “Velocity” is the maximum speed [motor

units per second] commanded to the motor
AccTime (TA) s at the peak of the velocity profile.
- “Acceleration Time (TA)” is the time span
Repetitions 1 i [msec] over which the motor will accelerate
z to the top speed specified in “Velocity” right
above this field.
- “Number of Repeats” is how many times to
execute the forward-and-back motion path.

Trapezoidal Velocity Move

Click “Trapezoidal Velocity Move” when ready.

A plot similar to the one below will be shown:

. Power PMAC Tune : 1 Trapezoidal Velocity Move: #1 10/7/2024 2:52:09 PM - O X

File View Tools

1 Trapezoidal Velocity Move: #1 10/7/2024 2:52:09 PM
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Stats Decimal Places 2 = v

RMS Following Error  116.34
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S-Curve Velocity

The S-Curve Velocity trajectory commands a cubic B-Spline shape to the motor’s velocity first in
the positive direction and then in the negative direction. The parameters that can be specified
are shown below:

- “Move Distance” is the total distance
[motor units] the motor will move in the

Size ‘TDDDD ‘ mu positive direction before reversing and
traversing the same distance in the
Velocity "IDDDI} ‘ mul sec opposite direction.
- “Velocity” is the peak speed [motor units
AccTime (TA) "IIJD ‘ s per second] commanded to the motor in

each direction.
. 2 - “Acceleration Time (TA)” is the time
Repetitions 1 v span over which the motor will
accelerate to the speed specified in the
“Velocity” field immediately above this
field.
- “Number of Repeats” is the number of
S-Curve Velocity Move times the motor should perform the
forward-and-back motion path.

Click “S-Curve Velocity Move” when ready.

A move similar to the one below will be shown:

. Power PMAC Tune : 1 SCurve Velocity Move: #1 10/7/2024 2:54:43 PM - O X

File  View

1 SCurve Velocity Move: #1 10/7/2024 2:54:43 PM

Following Error {(m unit)
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Stats Decimal Places 2 (5 v

RMS Following Error | 108.21
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Sinusoidal

This trajectory commands a sine wave position signal to the motor. The parameters that can be
specified are shown below:

- “Frequency’ is the

Frequency L | Hz frequency of the sine wave
[Hz].
Amplitude "IDD ‘ mu . . .
- “Amplitude” is the amplitude
Repetitions 1 2 of the sine wave [motor
units].

- “Number of Repeats” is the
number of periods of the sine
wave to command the motor

Sine Move to traverse.

Click “Do a Sinusoidal Move” when ready.

A move similar to the one below will be shown:

. Power PMAC Tune : 1 Sine Maove: #1 10/7/2024 2:57:15 PM — O e

File View Tools

1 Sine Move: #1 10/7/2024 2:57:15 PM
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Stats Decimal Places 2 |5 v

RMS Following Error |11.23
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This move is especially useful for system identification purposes. Try exciting the
system at different frequencies, letting the motor enter a steady state each time, and
s then exporting the data set. This can then be imported into, for example, MATLAB™

and batch-processed to produce a Bode magnitude/phase plot for the purpose of
Note identifying DC gain, natural frequencies, and damping ratios.

Sine sweep

Sines weep commands a sine wave position signal to the motor. This signal is different from the
Sinusoidal test trajectory in that while the Sinusoidal trajectory remained at a constant frequency
the Sine sweep trajectory’s frequency increases either linearly or logarithmically, at the user’s
choice, over a time span that the user specifies. The parameters available can vary as follows:

- “Start Frequency’ is the initial frequency [Hz] of

the sine signal at the start of the move.

“‘End Frequency” is the final frequency [Hz] of

the sine signal at the end of the move. The signal

should reach this frequency by the end of the

“Sweep Time” [sec] specified in the field

immediately below this one.

- “Sweep Time” is the time span [sec] over which
the sine wave will be commanded to the motor;

mu this is the time span over which the sine wave’s

frequency will increase either linearly or

Sweep Method ® Linear () Logarithmic logarithmically as specified in the “Sweep
Method” parameter two fields below this one.

- “Move Size” is the amplitude [motor units] of

Sine Sweep each period of the sine wave.

Start Frequency

T
(=]
'

End Frequency 0

— — —
=]

T

(=]

Sweep Time

—
—
fm—

Size

“Sweep Method” describes the way to increase the frequency of the wave being commanded to
the motor. Selecting Linear will increase the frequency (f(t) below) linearly such that the
frequency change with time (f below) follows the following formula:

f(t)z((fend - fstart)/( Tsweep))t + fstanf;

where feng is the “End Frequency” specified, fqar is the “Start Frequency” specified, and Toweep is
the “Sweep Time” specified. Selecting Logarithmic will increase the frequency logarithmically

according to the following equation:
t

f Tswee
F() = forare - G52 ™7

fsta rt

Click “Sine sweep” when ready.

A plot like the one below will be shown:
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File View Tools

1 Sine Sweep Move: #1 10/7/2024 3:01:04 PM
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IRMS Following Error 60.90

User Defined

The final test trajectory available is user defined (i.e. the user designs it by writing a motion
program). This is equivalent to adding a motion program to the project and running it but doing
this in the Tuning software has a few advantages, namely that the motion program is only
downloaded temporarily to be run once each time, and the Tuning software automatically
gathers and plots the motor’s response. This makes designing a move e.g. a move like that
which the machine might experience once it is commissioned and testing it to see if the servo
loop gains produce the performance that desired.

The interface for designing the trajectory is as follows:

[(Motor will be assigned to coordinate 0 axis X and motion program 999 will be used
/fplease insert your motion program below e.g.

fiinc

[PVT1000

[A5000:0

Download and Run the Motion
Program

Type the motion program in the area provided and click “Download and Run the Motion
Program”. The motion programs need to be written in order to achieve this. For more details on
writing motion programs refer to the Power PMAC User's Manual and the section labelled
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“Writing and Executing Script Programs in the Power PMAC”. The motor selected will be
assigned to Coordinate System 0, Axis X and the program will be run in Motion Program 999.

This is an example of a simple motion program:

Linear Inc // Linear incremental move

TA 100 // Acceleration time 100 ms

TS 50 // SCurve time 50 ms

F 1000 // Feadrate 1000 motor unis per second
X 1000 // Move 1000 motor units positive|

Dwell 100 // Dwell 100 ms

X -1000 // Move 1000 motor units negative

Download and Run the Motion
Program

Filter Calculator
Clicking on the Filter Calculator on the Position Loop Interactive Tuning tab opens the following
screen:

® - O X
Position Loop  Velocity Loop
Position Loop Filter -
Single Notch ' Single Notch+Low Pass  Double Notch  Double Notch+Low Pass Low Pass

Kp 01 I:l Specify Filter Frequencies

Position Loop Filter Coefficients R T AT I:I He
Kcl 0 I:I Auto-calculate notch frequency specification O
Kez O I

Filter Frequency Specification
Ke3 0 L ]
Kc4 0 l:l Lightly Damped Zero Frequency I:I Hz
Kes 0 I:l Damping Ratio :I
Kcg 0 l:l Heavily Damped Pole Frequency l:l Hz
Kc7 0 l:l Damping Ratio l:l
Kd1 0 I:l
Kd2 O I:l
K I:l Calculate Filter Coefficients
kis 0 [ ]
Kd6 0 l:l Implement Filter
Kd7 O I:l
SwPaly7 0 :I Remove Filter
sition Loop Filter Active Velocity Loop Filter Active Enable Closed Loop Mator Exit
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Positton Loop Filter

Kp

Posttion Loop Filter Coefficcents

o The gains and coefficients involved in the filter are

= shown here on the left. The “Current” column shows
s the present values, and the “Proposed” column shows
i the values that the Filter Calculator suggests based on
e the parameters for the filter entered in the right pane
Kd4

KdS

Kde

Kd7

SwiPoly7

This indicates whether a filter is active on the Position
Loop

This indicates whether a filter is active on the Velocity
Loop

Enable Closed Loop Motor Press this button to close the servo loops on the motor

Press this button to exit the servo calculator

Press this button to make the Filter Calculator
calculate variables for the filter and place them in the
“Proposed” column on the left

Calculste Filter Coefficients

Press this button to implement the filter coefficients,
making the “Current” values match the “Proposed”

Imps F
implament Filter values

Press this button to remove the filter (the Proposed

I:I coefficients remain intact, however)

Power PMAC IDE User Manual 171



Menus

Specty Filter Frequences
Resonant Frequency 4
Auto-calculate nolch frequency specification \7
Filler Frequency Specification Specify the frequencies wanted to filter in this area.
Specify also the characteristics wanted for the filter.
Lightyy Damped Zero Frequency He These characteristics vary depending on the type of
filter selected
Damping Ratio
Heavly Damped Pole Frequancy Wz
Doamping Retio

From this screen it is possible to design Single Notch, Single Notch/Low Pass, Double Notch,
Double Notch/Low Pass, Low Pass filters for the Position Loop and a Low Pass filter for the
Velocity Loop

are familiar with filters and the parameters associated therewith. These filters
consist of bilinear transformations, computations in the continuous time domain,
Note and then a Tustin discretization process.

The Filter Calculator should be used by Advanced Users only, that is, those who
A@'

“Implement Filter” is clicked. If a retune is needed with these gains later it is
recommended to first remove the filter, retune and then recalculate and reapply the

Some of the servo loop gains must be modified when a filter is implemented when
A@’

Position Loop Filters
Single Notch

Under the single notch tab, the following parameters are available:
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Single Notch  Single Motch+Low Pass Double Notch Double Motch+Low Pass  Low Pass

Specify Filter Freguencies

Resonant Frequency I:I Hz

Auto-calculate notch frequency specification ]

Filter Frequency Specification

Lightly Damped Zero Frequency I:I Hz
Damping Ratio I:l
Heavily Damped Pole Frequency I:I Hz
Damping Ratio I:I

Specify the natural frequency [Hz] whose effect

Resonant Frequency the Notch filter is to suppress

Check this box if values are not going to be
entered manually for the “Filter Frequency
Specifications” below. These will then be
calculated automatically.

Auto-calculate notch frequency specification

Specify the frequency [Hz] at which the lightly

Lightly Damped Pole Frequency damped zero occurs in the system

Specify the damping ratio [unitless] for the lightly

Damping Ratio damped zero

Specify the frequency [Hz] at which the heavily

Heavily Damped Pole Frequency damped pole occurs in the system

Single Notch/Low Pass

This filter type is the combination of a notch filter at a natural frequency that is specified and a
low pass filter to attenuate frequencies above that which has been specified.

This filter’s tab’s layout looks much like the Single Notch tab but has one more field for the user
to specify the low pass filter’'s cutoff frequency:
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Specify Filter Frequencies

Resonant Frequency

Auto-calculate notch frequency specification

Filter Frequency Specification
Lightly Damped Zero Frequency
Damping Ratio
Heavily Damped Pole Frequency
Damping Ratio

Low Pass Filter Cut-off Frequency

Single Notch Single Notch+Low Pass  Double Notch Double Notch+Low Pass Low Pass

Hz

Hz

Hz

UL oL

Hz

Resonant Frequency

Specify the natural frequency [Hz] whose effect
the Notch filter is to suppress

Auto-calculate notch frequency specification

Check this box if values are not going to be
entered manually for the “Filter Frequency
Specifications” below. These will then be
calculated automatically.

Lightly Damped Zero Frequency

Specify the frequency [Hz] at which the lightly
damped zero occurs in the system

Damping Ratio

Specify the damping ratio [unitless] for the lightly
damped zero

Heavily Damped Pole Frequency

Specify the frequency [Hz] at which the heavily
damped pole occurs in the system

Damping Ratio

Specify the damping ratio [unitless] for the heavily
damped pole frequency

Low Pass Filter Cut-off Frequency

Specify the low pass filter's cutoff frequency [Hz]
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Double Notch

This filter type consists of two notch filters each of whose resonant frequencies can be specified
separately. The configuration screen for this filter contains two sets of the same parameters
listed under the Single Notch screen; see Single Notch above for the description of the fields:

Single Motch  Single Notch+Low Pass Double Motch  Double Notch+Low Pass  Low Pass

Specify Filter Frequencies
1st Notch 2nd Notch

Resonant Frequency | | | | Hz

Auto-calculate notch frequency specification ] ]

Filter Frequency Specification

Lightly Damped Zero Frequency | N | Hz
Damping Ratio | | | |
Heavily Damped Pole Frequency | | | |

| N | e

Damping Ratio

Double Notch/Low Pass

This filter type consists of two Notch Filters and one Low Pass filters. The parameters listed are
the same as those listed in the Double Notch and the Low Pass filter screens:

Single Notch  Single Notch+Low Pass Double Notch Double Notch+Low Pass  Low Pass
Specify Filter Frequencies
1st Notch 2nd Notch
Resonant Frequency | | | | Hz

Auto-calculate notch frequency specification ] ]

Filter Frequency Specification

Lightly Damped Zero Frequency | | | | Hz
Damping Ratio | | | |
Heavily Damped Pole Frequency | | | |

| N | e

Damping Ratio

Low Pass Filter Cut-off Frequency I:I Hz
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Low Pass

This filter attenuates frequencies above the cutoff frequency which can be specified:

Single Notch ~ Single Notch+Low Pass Double Notch Double Notch+Low Pass Low Pass

Specify Filter Frequencies

Low Pass Filter Order b |

Low Pass Filter Cut-off Frequency I:I Hz

Low Pass Filter Order: Specify the order of the Low Pass filter, ranging from 15! to 5" order
Butterworth filters

Low Pass filter Cut-off Frequency: Specify the filter's cutoff frequency [Hz]
Velocity Loop Filters

The Velocity Loop filter page is used to configure 15t or 2" order Butterworth Low Pass filters for
the motor’s feedback and feedforward velocity loops separately:
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[ ] — 0
Position Loop Velocity Loop
Velocity Loop Feedback Filter
Specify Filter Frequencies
Kvfb 0 I:' Low Pass Filter Order ™ ‘
Kvifo 0 |:|
Low Pass Filter Cut-off Frequency l:l Hz
Kafo 0 I
Velocity Loop Feedback Filter Coefficients Calculste Filter Coefficients
kel U |:|
Ke2z 0 L 1
Velocity Loop Feedforward Filter
Specify Filter Frequencies
Kt 0 I:' Low Pass Filter Order ~ |
kiff 0 L ]
Low Pass Filter Cut-off Frequency l:l Hz
Kaff 0 |:|
Velocity Loop Feedforward Filter Coefficients Calculste Filter Coefficients
ki1 0 |:|
k2 |0 L 1
Enable Closed Loop Motor Exit
This indicates whether a filter is active on the
Position Loop
This indicates whether a filter is active on the
Velocity Loop
Enable Closed Loop Motor Press this button to close the servo loops on the
motor
= Press this button to exit the servo calculator

Set Gantry Cross-Coupling Gains

This feature is only available if the motor is using the Gantry Cross-Coupled servo algorithm i.e.
when Motor[x].CtrI=Sys.GantryXCtrl. This screen shows PID gains for each motor:
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x
Motor 1 Motor 2
Crozs-Couple Gains Cument Proposed Cumrent Proposed
Propartional IC IE IC ID
Derivative IC ID |C ID
Integral o o jo o
QK Cancel Restore Implement

“Current” shows which gains are presently in the Power PMAC. “Proposed” are the gains the
window suggests for this pair of motors. “Implement” implements the proposed gains causing
“Current” and “Proposed” to become the same. “Restore” will revert the effects that “Implement”
caused.

Show Servo Block Diagram
Clicking the Show Servo Block Diagram button in the Position Loop Interactive Tuning tab will
show the following screen:

@ Servo Loop Block Diagram - =] 3

SERVO LOOP BLOCK DIAGRAM

i — 1
——— | —ke——— =
q —

Output

This screen shows the block diagram for the Standard servo algorithm in Power PMAC.
This screenshot above is from the Standard servo algorithm. This diagram is disabled if a
custom servo algorithm is chosen.
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A The Servo Block Diagram shows only the Standard Servo algorithm. If any other
o servo algorithm is chosen this diagram will not apply to this motor.

Note

Interactive Tuning Guidelines

PMAC’s Servo Algorithm must be configured to properly control any given system with motors
and amplifiers. Configuration is done by adjusting setup structures pertaining to the PID gains.
Friction Feedforward is also needed. The most basic servo loop gains correspond to structures
as follows:

» Motor[x].Servo.Kp Proportional Gain (K;)

» Motor[x].Servo.Kvfb Derivative Gain (Kq)

» Motor[x].Servo.Kvff Velocity Feedforward (Kv)

» Motor[x[.Servo.Ki Integral Gain (K))

» Motor[x].Servo.SwZvint Integration Mode

= Motor[x].Kaff Acceleration Feedforward (Kar)

» Motor[x].Kfff Friction Feedforward (Ks)

The load should be connected to the motor before tuning the servo loop.
Note

The process of determining proper values of PID gains is called “Tuning”. The procedure for
tuning is as follows:

1. Set Motor[x].Servo.SwZvint (Motor xx PID Integration Mode). This can be changed as
needed
=1, position error integration is performed only when Motor xx is not commanding a
move
=0, position error integration is performed always

2. Using the Step Response tune the following parameters in this order:
Proportional Gain, Kp (Motor[x].Servo.Kp)
Derivative Gain, Kd (Motor[x].Servo.Kvfb)
Integral Gain, Ki (Motor[x[.Servo.Ki)

3. Using the Parabolic Move tune the following parameters in this order:
Velocity Feedforward, Kvff (Motor[x].Servo.Kvff)
Acceleration Feedforward, Kaff (Motor[x].Kaff )
Friction Feedforward, Kfff (Motor[x].Kfff)
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¢ When tuning the feedforward gains set Motor[x].Servo.SwZvint =1 so

that the dynamic behavior of the system may be observed without
integrator action. After tuning these set Motor[x].Servo.SwZvint back to

the desired setting.
Note o Setting Kvff = Kd (Motor[x].Servo.Kvff = Motor[x].Servo.Kvfb) is a good
place to start when tuning Kvff.

Steps 2 and 3 should be performed in the Interactive Tuning window in Tuning:

Tune : Online[192.168.0.20055H) o X
Select Motor Curtent Loop Tuning  Open Loop Test Position Loop Auto-tune  Posiion Loop Inferactve Tuning  Pre-fiter Setup  Adaptive Control _ Interactive Filter Setup  LC Setup
FeedBack Gains Trajectory Selection
Proportional Gain (Kp) 01 Step Ramp ParabolicVel TrapezoidalVel SCurve Sine Sine Sweep Custom
Select the Dervative Gain 1 (Kvib) 0 Move Parameters
Denvative Gain 2 (Kvifb) 0 Size 1000 o
g Gon 1 o Enter Move
Motor No o
FeedFomward Gains S .
Velocity Feedforward Gain 1 (Kvf 0 1ze
Velocity Feedforward Gain 2 (Kwiff) 0
Acceleration Feedforward Gein (Kaff) 0 Saop Move
Friction Feedforward Gain (Kfff) u
integral Mode (SwZvint) 0 Mave Options =
] Same Direction
" Kl Motor =
Fi Fi 2000 [
atal Following Error Limit (FatalFeLimit) O Aor the Move
P Servo Output Limit (MaxDac) 28000 ] Dwelt ] Repetitive
Servo NonLinearities ul ms = Move
o input Deadband Size (BreakPosErr) s Select Plot ftems
Input Deadband Gain (KBreak) 0 Filter Calculstor
Left Aws Posiion
Output Deadband Inner Size (OutDbOn) 0
Output Deadband Outer Sze (OutDbOf) 0 Raght Aws ServoCommand
Export motor #1 settings 10 the 0 Show Servo Diagram Plot to New Chart
priscdoifzsn, Output Deadbend Seed (OutDbSeed) O lew Chart
Commutation Status Motor Status Motor Type Servo Algorithm Position Loop Filter Info Trajectory Profiter Info
Ilo  Ouput Debug Emor Waming
inva mat

Step 2 (tuning K,, Kq, and Kj)

Select “Position Step” under “Trajectory Selection”. Choose a “Step Size” that is within %2 to V4 of
a revolution of the motor, if it is a rotary motor, or within %2 to ¥4 of one electrical cycle, if itis a
linear motor. The step move’s commanded position profile should look something like this:

Commanded
Position [cts]

Time
[msec]

Compare the motor’s actual position to the commanded position profile. Depending how the
actual position looks adjust the servo loop gains until the desired response is achieved.
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Observing the table below, match the actual position response to one of the response shapes
below and then adjust the appropriate gain as listed next to each plot. In each of the figures

below the vertical axis corresponds to Commanded Position [cts] and the horizontal axis to Time
[msec]:

Overshoot and

Oscillation Position Offset
Cause: XN~ 0 Ll : Cause:

Too much ' Friction or Constant
Proportional gain or Force

too little Damping Fix:

Fix: Increase K;
Decrease K, Increase K,

Increase Ky

Sluggish Response Physical System

> . Limitation
ause: Cause:
Too much Damping Limit o.f the

or

too little Proportional Motor/Amplifier/Load

. and gain combination
gain o
Fix: Fix:

: Evaluate

Increase K, or

Performance and
Decrease Kg

maybe add K,

Typically, start by increasing K, until an “Overshoot and Oscillation” condition is observed and
then increase Ky and K; until the performance goals for the step response are achieved. When
executing the step response make sure that the Servo Command is selected on the Right Axis
as shown in the red box in image below.

@ Tune : Online[192.168.0.20055H]

Select Motor CuentLoop Tuning OpenLoop Test Posilion Loop Auto-une  Position Loop Interactive Tuning  Pre-filer Setup  Adey

FondBo

clive Fiter Setup  LC Setup

(3] arabokic Vel Trapezoidal Vel SCurve

Move Parameters

Derivative Gain 2 (Kvifb) 0 Size =] my
Intagral Gain (K5) 00095999998 =
Time 500 me
FeedFomend Gains
Valocity Fesdforward Gein 1 (Kvif)
Valocity Fesdforward Goin 2 (Kvif)
Acceleration Feedionward Gain (Kaff) Step Move
Friction Feedfrward Gein (KF)
Integrol Mode (SeZvint) o Wova Options
Same Direction
— Kill Mator
it (FatalFeLimit) 2000 - Atter the Move
22000 O
" [ e Repetiive
Jog! 500 ms T pove
e i okPosEr) ¢ | Select Fiot ltams
Fier Calculator
Loft Ais Posiic =
er Size (OutDbOR)
d Outer Size (OUDLON) 0 Fight uts e
Export motor #1 settings to the 0 Show Servo Disgram O
slbres 4 Quiput Deadbend Seed (OutDbSeed) o = Flot o Hew Chort
Commutation Status Mator Status Motor Type Servo Algorithm Pastion Loog Fitier Infa Trsjectory Prefiter Info

ofo  Owput Debug Emor  Waming

wealid Format. Plaase enter a vahd number
valid Format Please enter A pumber

Power PMAC IDE User Manual 181



Menus

If there is a truncation of the servo command at the beginning of each move the maximum
output command, as determined by Motor[x].MaxDac, has been reached. In this case adding
more K, will not improve the Step Response’s performance.

Step 3 (Tuning K, Kar, and Ki)

Select “Parabolic Velocity” under the “Trajectory Selection” in the Interactive Tuning Window.
Select a move size and speed that will simulate the fastest, harshest moving conditions it is
expected that the machine will experience. By tuning the motor at these settings, the motor
should be able to handle all the easier moves.

After commanding the Parabolic Velocity move the commanded Velocity Profile and
Acceleration Profile should look like this:

Velocity Acceleration
Commanded Commanded
Profile ‘ \/ Profile

Observing the table below, match the actual position response to one of the response shapes
below and then adjust the appropriate gain as listed next to each plot. In each of the plots below
the vertical axis corresponds to Actual Velocity [cts/msec] and the horizontal axis to Time
[msec]:

High Vel./F.E.

_ Correlation
High Vel./F.E. Cause: Friction
Correlation Fix:

Cause: Damping Ada K

Fix: Increase K \/ and/or turn on Integral
Gain (Kj)
High Acc./F.E.

High Acc./F.E. g:;rsczl.atlon

Correllatlon _ Physical System

Cause: Inertial Lag Limitation

Fix: Fix:

Increase K Usé softer
acceleration

or add more Kss
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Negative High Vel./F.E.
Vel./F.E. Correlation
Cause:

Correlation Cause:
‘ /\ Damping &
Too much Friction
Velocity I\/ Fix:
Feedforward Increase K first

Fix: Possibly adjust
Decrease K K
Negative Acc./F.E. :lc%h”\:/tél.lF.E. &
Correlation T
Cause: \ g:lrjr:é?tlon
s much Inertial Lag &
Acceleration il
Feedforward o
Eléizrease Ka Increase Karr

! Possibly adjust K

configuring filters or custom servo algorithms, please consult the other areas of this
manual or check the Power PMAC User's Manual’s “Setting Up the Servo Loop”
Note section.

The guidelines are just for tuning the PID parameters. For more details on
A@

Current Loop Tuning
This tab has three sub tabs, Simple Auto-Tune, Auto-Tune and Interactive Tune. The first

subtab is Simple Auto-Tune:

Smple Auto  Manual

Performance: Move this slider to the right to increase the
Performance desired bandwidth of the current loop

Identify and Tune: Press this button to perform the auto
tuning

Recompute Gains: Once the autotuning has completed
this button will become enabled so that a Re-tune can be
Identfy and Tune performed
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The next subtab is Auto-Tune:

Smple Auto  Manual

Design Goals Autotune Parameters
Bandwidth 200 Hz Excitation Magntude |10 % MaxDac
Damping Ratio 07 | Excitation Time 50 ms
[[] Auto Select Bandwicth Test Gan 1
Select Propotional Gain Configuration
(® Back Path
O Forward Path Cument Step
) Both Path
Parameter Description
Bandwidth Specify the desired bandwidth [Hz] of the current loop

Damping Ratio

Specify the desired damping ratio [unitless] of the current loop

Auto Select Bandwidth

Check this box for the auto tuner to determine an appropriate bandwidth

Select Proportional Gain
Configuration

These three radio buttons are used to choose where to place the proportional gains in the current
loop, whether in back, forward, or both backward and forward paths

Excitation Magnitude

Specify the output magnitude for the test as a percentage of the maximum permitted magnitude as
specified by Motor[x].MaxDac

Excitation Time

Specify how long to output to the motor

Auto tune Current Loop

Press this to perform the autotuning

The next subtab is Interactive Time:
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Smple Auto  Manual
Autoune Parameters

Cument Loop Step Parameter Setup

Integral Gain (kGain) 0.67473096 Magnitude 3000 bits
Forward Path Proportional Gain (pfGain) 0 Rough Phasing Magnitude 1000 bis
Back Path Proportional Gain (lpbGain) 1497493 Dwell Time 50 ms
Phase Cument Bias Offsets
Cument Step
Phase A (laBias) 0
N}
Phase B (bBias) 1000
Parameter Description
Integral Gain Adjusts Motor[x].liGain

Forward Path Proportional Gain

Adjusts Motor[x].IpfGain

Back Path Proportional Gain

Adjusts Motor[x].IpbGain

Phase A Adjusts Motor[x].laBias
Phase B Adjusts Motor[x].IbBias
Magnitude Select the magnitude of the excitation used for tuning the current loop in units of 16-bit DAC

bits

Rough Phasing Magnitude

Select the magnitude of the excitation used for phasing the motor

Dwell Time

Specify how long to apply the excitation to the motor when tuning the current loop

Do A Current Loop Step Button

Press this to start the tuning process

Kill Motor Button

Press this to remove power from the motor

Open Loop Test

There are three sub tabs under the Open Loop Test tabs, Step Test, Sinusoidal Test and Sine

sweep Test.

The Step Test instantaneously commands first positive voltage and then negative voltage to the

motor:
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Step  Sine  Sine Sweep

Open Loop Step Parameters

Amplitude

' 100 5 % MaxDac
Amplitude: Specify the percentage of the maximum
output specified by Motor[x].MaxDac

Test Time 100 ms
Test Time: Specify how long to apply voltage to the
motor

Repetitions ! L2 Repetitions: Specify how many times to execute the

positive-then-negative voltage command sequence

Open Loop Step: Press this button to start the test

Open Loop Step

This should produce a plot similar to the one shown below; this is with two repetitions:

. Power PMAC Tune: Motor 1 Open Loop Step Move: 10/16,/2024 4:05:27 PM — O X

File View Tools

Motor 1 Open Loop Step Move: 10/16/2024 4:05:27 PM

1000.00 4000.00

BRI 3000.00

600.00
2000.00 .
400.00

200.00 (Y

0.00 . 0.00
2
AL -1000.00
-400.00
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E
=
o
=
ol
=
-]
=
<]
<<

-600.00

_800.00 -3000.00

-1000.00 -4000.00
100.00

Time (ms)

Stats Decimal Places |2 & v

If the encoder feedback is working properly there should ba a positive actual velocity (pink)
when the servo command (yellow) is positive and negative actual velocity when the servo
command is negative. If the actual velocity is the opposite of what the previous sentence
describes try changing the encoder decode direction of the Axis Interface and rephase the
motor, if it is commutated.
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The encoder decode for Gate1-Style Axis Interfaces is in Gate1[i].-Chan[j].EncCtrl.

For Gate3-Style it is in Gate3[i].Chan[j].EncCtrl.

To reverse the direction, if this structure is a 3, change it to 7 and vice versa. This only applies
to quadrature encoders.

WARNING

Deactivate the bus power and allow the amplifier's capacitors to discharge
fully before swapping motor phases, as described below, in order not to risk
the cause of Electric Shock. Receiving the discharge of bus capacitors can

be fatal!

Another way to change the motor’s direction is by swapping two phases of the motor leads and
then rephasing the motor.

The Sinusoidal Test applies a sinusoidal voltage to the motor:

Step Sine  Sine Sweep

Open Loop Sine Parameters

Amplitude

Frequency

Repetitions

iy + % MaxDac

N

(-

Open Loop Sine

Amplitude: Specify the amplitude of the sine wave as a
percentage of the maximum output specified by
Motor[x].MaxDac

Frequency: Specify the frequency of the sine wave to
apply to the motor

Repetitions: Specify how many times to execute the
positive-then-negative voltage command sequence

Open Loop Step: Press this button to start the test

You should get a plot similar to this:
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. Power PMAC Tune: Motor 1 Open Loop Sine Move: 10/16/2024 4:10:32 PM — Oa *

File View Tools

Motor 1 Open Loop Sine Move: 10/16/2024 4:10:32 PM
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Stats Decimal Places 2 5 v

The Sinesweep Test applies a sine wave voltage signal to the motor. This signal is different
from the Sinusoidal Open Loop Test in that while the Sinusoidal test remains at a constant
frequency the Sinesweep test’s frequency increases either linearly or logarithmically, at the
user’s choice, over a time span the user specifies:

Step Sine  Sine Sweep
Open Loop Sine Sweep Parameters

Start Frequency is the initial frequency [Hz] of the sine

' Ampltude 100 | % MaxDac signal at the start of the move.
End Frequency is the final frequency [Hz] of the sine
signal at the end of the move. The signal should reach this

Start Frequen

e iz frequency by the end of the “Sweep Time” [sec] specified in

End Frequency He the field immediately below this one.

Sweep Time s Sweep Time is the time span [sec] over which the sine
wave will be commanded to the motor; this is the time span

SweepMethod @ Linesr O Logarithmic over which the sine wave’s frequency will increase either

linearly or logarithmically as specified in the “Sweep

Method” parameter two fields below this one.
Open Loop Sine Sweep

“Sweep Method” describes the manner in which to increase the frequency of the wave being
commanded to the motor. Selecting Linear will increase the frequency (f(f) below) linearly such
that the frequency change with time (f below) follows the following formula:
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f(t)=((fend - fstan)/( Tsweep))t + Fstarty

where fonq is the “End Frequency” specified, fqar is the “Start Frequency” specified, and Toweep is
the “Sweep Time” specified. Selecting Logarithmic will increase the frequency logarithmically
according to the following equation:

t

_fend Isweep
G )

(t) = fstart * £
start
This is an example plot of a linear sweep:
‘ Power PMAC Tune: Motor 1 Open Loop Sine Sweep Move: 10/16/2024 4:16:03 PM = O X

File View Tools

Motor 1 Open Loop Sine Sweep Move: 10/16/2024 4:16:03 PM
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Position Loop Auto Tuning

This tab can automatically tune the motor. This is a good starting point for finding gains that can
get the motor moving. It is recommended, however, to do Interactive Tuning after this in order to

achieve the performance goals desired.

2000.00

1000.00

4 0.00

-1000.00

-2000.00

-3000.00

-4000.00

Servo Command (m unit)

There are two sub tabs on this tab, Simple Auto-Tune and Advanced Auto-Tune. The first is

Simple Auto-Tune:
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Simple Advanced

Amplifier Type

Amplifier Type Direct PWM v
Performance
' Dial corresponds to servostiffness
Consistency of auto-tuning depends on the correct settings
Fast/Agressive of the ECT scale factor
Slow/Robust

[C] Enable Feedforward

Identify and Tune

Encoder Resolution 2000 cts/rev

Move Limits

Minimum 200 SUE

Maximum 2000 U8

Parameter Description
Amplifier Type Select the type of control signal the amplifier receives here
- Increase the desired bandwidth of the closed-loop motor by dragging this slider to the right
Enable Feedforward Check this box to permit the auto tuner to configure feedforward gains
Recompute Gain Once the autotuning has been performed click here to recalculate the gains
Identify and Tune Click here to start the autotuning process
Minimum Move Limit This is the minimum distance [motor units] the motor must travel before the auto tuner will
calculate the servo loop gains
Maximum Move Limit This is the maximum distance [motor units] the tuner will allow the motor to travel
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offers several more options for tuning the motor:

Simple Advanced

Specify Amplifier Type

|:| Acceleration FF

Options

Auto Select Bandwidth
Auto Select Sample Period
Auto Select Low Pass Filter

NewTuningGUI.SpecifyEncoderResolution

Encoder Resolution 2000

Specify Auto-tune Excitation Settings

Amplifier Type |DirectPWM Ml Excitation Magnitude 100 |2 % MaxDac
Performance Excitation Time }100 \ ms
Bandwidth 200 S Hz
= Minimum 400 |
Damping Ratio 07 5 .
[ Consistency of auto-tuning depends on the correct settings
Maximum (4000 | mu of the ECT scale factor
Soft Hard
Integral Action < > Auto-tune Move Options
D Positive Move Only Iteration No
Velocity FF [[] Negative Move Only 1 3

No Jog Back

Identify and Tune

ctsirev

Parameter

Description

Amplifier Type

Select the type of control signal the amplifier receives

Bandwidth

Specify the desired bandwidth [Hz] of the closed-loop motor

Damping Ratio

Specify the damping ratio [unitless] of the closed-loop motor

Integral Action

Adjust the magnitude of Motor[x].Servo.Ki here

Velocity and
Acceleration FF

Enable or disable velocity feedforward or acceleration feedforward by checking or unchecking these
boxes, respectively

Option Select

Check these boxes to automatically calculate an appropriate bandwidth, sampling period or low pass
filter

Excitation Magnitude

Specify the percentage of the maximum permissible output as specified by Motor[x].MaxDac

Excitation Time

Specify the amount of time to apply voltage to the motor during the test

This is the minimum distance [motor units] the motor must travel before the auto tuner will calculate

Minimum the gains
Maximum This is the maximum distance [motor units] the tuner will allow the motor to travel
Iteration No Specify the number of positive-then-negative voltage commands to give to the motor during the

tuning process

Positive Move Only

Click to permit the motor to move only in the positive direction during tuning

Negative Move Only

Click to permit the motor to move only in the positive direction during tuning

No Jog Back

Click here to leave the motor where it ended up after the tuning rather than jogging back to the
original position

Identify and Tune

Click this to initiate the autotuning

Recompute Gain

After executing the autotune click this to recalculate the gains if any parameters have changed on
this tab
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Menus

The Trajectory Prefilter Setup is used to enable the Trajectory Prefilter feature of Power PMAC
and configure whether to use it as a Notch Filter, a Low Pass Filter or both as there are two
filters available which can be applied to the trajectories. The Trajectory Prefilter filters any
trajectory that the Power PMAC generates before commanding it to the motor in order to
prevent low frequency oscillations from occurring at the machine’s end effector. The Setup

screen appears as follows:

Trajectory Prefilter Coefficients

Trajectory Prefilter Info

Prefilter Enabled
Ts

Es N/A

Actual Proposed
PnO ] Filter Type
Pn1 ] O Notch
Pn2 ] O Lowpsass

Filter Pole-Zero Specification

Zero Frequency
Damping Ratio
Pole Frequency

Damping Ratio

Specify Filter Type and Resonance Cut-off Frequencies (in Hz)

1st 2nd Order Fi 2nd 2nd Order Filter
Filter Type

O Noten Auto-Calculate Filter Specification

O LowPass

Select Prefilter Sampling Period

] i ! &

Prefiiter Update Rate (number of servo cycle:

Calculate Pre-Filter Coefficients
Implement Filter
Remove Filter

Show Prefilter Diagram

Parameter

Description

Trajectory Prefilter Coefficients

The filter coefficients currently in the Power PMAC are in the Actual column
and the coefficients that the Prefilter Setup tool calculates are listed under
the Proposed column

Specify Filter Type and Resonance/Cutoff
Frequencies (in Hz)

Select what kind of filters is wanted for the two filters offered. Then, for
Notch, type the resonant frequency [Hz] required to filter in the box. For Low
Pass, type the cutoff frequency [Hz] in the box

Auto-Calculate Filter Specification

Click this button to automatically calculate the filter specifications based on
the frequency entered to the left

Prefilter Enabled

This field becomes 1 when the prefilter is enabled. Some other information
about the filter appears below this field

Filter Pole/Zero Specification

Filter characteristics can be entered manually

Prefilter Sampling Period

Select the update period for the prefilter in units of servo cycles

Calculate Pre-Filter Coefficients

Click to calculate the coefficients for the filter based on the specifications
entered

Implement Filter

Click to implement these coefficients making the Proposed become the
Actual coefficients

Remove Filter

Click to completely remove the prefilter
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Clicking “Show Prefilter Block Diagram” shows this screen demonstrating the algorithm used for
the prefilter:

Prefilter Blockdiagram x|

Crenerated

Trajectorsy >

Spliner i

FPo+FPz ' Pz Pz P2
l+Pz'+ Pz +FP z7+PF =

Adaptive Control Setup
The Adaptive Control Setup tab contains parameters related to setting up Adaptive Control:

Adaptive  Gain Scheduled Adaptive
Adaptation Settings

Nominal Plant Gain (NominalGain) |U |
EstimationMinDac (EstMinDac) |D | DAC bits
Estimation Time (EstTime) |D | servo cycles
Min. Inertia Ratio (MinGainFactor) [1 |
Max. Inertia Ratio (MaxGainFactor) |1 |
Estimated Gain (EstGain) 0
Estimated Gain Ratio (GainFactor) 1
ADAPTATION
Set Adaptive Control

Type in the parameters required in order to configure Adaptive Control and then click “Set
Adaptive Control” to enable the feature. Click “Restore to Regular Servo” to remove the feature.
Click “ON” to turn the feature on, or “OFF” to turn it off.
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Adaptive Gain Scheduled Adaptive
Adaptation Settings

Minimum Plant Gain |D |

Desired Natural Fregency (minW) |D | Hz

Desired Damping Ratio (minDR) o |

Maximum Plant Gain |D |

Desired Natural Fregency (minW) |U | Hz

Desired Damping Ratio (maxDR) |D |
EstimationMinDac (EstMinDac) [ | o
Estimation Time (EstTime) 0 | servo cycles
Estimated Gain (EstGain) 0

Estimated Gain Ratio (GainFactor) 1

ADAPTATION

Set Gain Scheduled Adaptive
Contraol

A To learn about how to set these parameters properly please refer to “Adaptive
B Servo Control” in the Power PMAC User’'s Manual.

Note
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Interactive Filter Setup
Selecting the “Interactive Filter Setup” tab on the Position Loop Interactive Tuning window will
open up the following screen:

Speciy Position and Velocity Loop Fiers  Specify Trajectory Prefiter

Position Loop Low Pass Filter Specification 1st Notch Pole-Zero Specification
[[] Add & Low Pass Filter None [[] Add & Noth Filter

Velocity Loop Feedback Low Pass Filter Specification
[ Add 2 Low Pass Filter None

Velocity Loop Feedforward Low Pass Filter Specification
[] Add a Low Pass Filter None

Step Ramp Parabolic Trapezoidal SCurve Sine  Sine Sweep Custom

Move Parameters

Size 000 mu

fow ]
Tie ms

Start Selected Move

On the “Specify Position and Velocity Loop Filters” tab choose which filters are to be added to
the system and then select the associated parameters for those filters by either typing in the
parameter or by adjusting the parameter using the slider.

Choose the various move trajectories to execute on this motor to test the filter. Using the Tool
interactively adjust the filters and observe their effects easily and flexibly.

The “Specify Trajectory Prefilter” tab shows similar settings allowing the selection of various
types of prefilters, the adjusting of their associated parameters and then the execution of moves
to observe the effects of the filters:
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Specify Position and Velocity Loop Fiters - Specify Trajectory Prefitter

1st 2nd Order Filter 1st Notch Pole-Zero Specification
[] Add & Low Pass Filter [ Add  Notch Filter

Prefilter Update Rate (number of servo cycles) 1

Step Ramp Parabolic Trapezoidal SCurve Sine Sine Sweep Custom

Move Parameters

1
Size 000 mu Start Selected Move

Gain-Scheduled Adaptive Control Setup
Gain Scheduled adaptive control is a variation of the adaptive control algorithm. In the standard

adaptive control algorithm, the control gains are updated such that the closed loop bandwidth of
the system remains the same (i.e. the same closed-loop performance) when the overall
estimated gain changes (i.e. when the load changes).

In the gain-scheduled adaptive control algorithm the control gains are updated such that the
closed loop bandwidth and the damping ratio change in a linear fashion depending upon the
estimated gain or load changes.

The setup parameters Estimation Minimum DAC and Estimation Time are the same as in
standard adaptive control. The user has to specify the minimum plant gain (i.e. at maximum
inertia), the maximum plant gain (i.e. at minimum inertia), the desired bandwidth, and desired
damping ratio corresponding to the two cases above.

The default tab looks like the following:
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| Adaptive | Gain Scheduled Adaptive

Adaptation Settings

Minimum Plant Gain

Desired Natural Fregency (minW) Hz
Desired Damping Ratio {(minDR)

Maximum Plant Gain

Desired Natural Fregency (maxW) Hz
Desired Damping Ratio (maxDR)

Estimation Min. DAC (EstMinDac) DAC bits
Estimation Time (EstTime)
Estimated Gain (EstGain)
Estimated Gain Ratio (GainFactor)

servo cycles

ADAPTATION

| on | oFF

Set Gain

’ Scheduled Restore to

Adaptive Control Regular Servo

Cam Learning Control Setup
Cam learning control algorithm is a spatial, position-based, iterative control algorithm where the

torque compensation table for a target motor following its source cam table is automatically
filled. The control law is a proportional learning control law and is given as:

ULc (k +1) = Urc (k) + Kic - e(k)

where k is the cycle number for the cam profile, U.c(k) is the control effort at cycle k, Ki.cis a
proportional learning gain, and e(k) is the following error at cycle k. Note that the above control
law is an integrator in the cyclic base; that is, if the disturbances acting on the target motor are
not time varying, it will eliminate the following errors at steady state.

The user has to specify the source cam table, the learning gain, the minimum error in terms of
motor units, and the maximum compensation torque. The software checks if there are active
cam tables and populates the combo box accordingly.

The minimum error acts like a dead zone in that the torque compensation table value for a cam
zone will stay the same if the following error at the specific zone is less than this value at the
last iteration.
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The maximum compensation DAC specifies the maximum and minimum values for the torque
compensation table values.

The cycle time specifies the time for the total cam profile in terms of seconds.

The live tuning feature allows the user to tune the learning gain via providing the maximum and
RMS following error values for each cycle.

Select Source Cam Table

Cam Leaming Control Parameter Setup
Leaming Gain
Minimum Eror Treshold mu

Maximum Compensation DAC DAC bits

Disable and Reset
Cam Table Torque
Compensation

Set-up Leaming

Control Parameters Stop Leaming

Specify Cycle Time

Cycle Time 1 seconds

Start Leaming Control Live

Tuning Tuning

Stop Leaming Control Live

Gain-Scheduled Adaptive Control Setup
Gain Scheduled adaptive control is a variation of the adaptive control algorithm. In the standard

adaptive control algorithm, the control gains are updated such that the closed loop bandwidth of
the system remains the same (i.e. the same closed-loop performance) when the overall
estimated gain changes (i.e. when the load changes).

In the gain-scheduled adaptive control algorithm on the other hand, the control gains are
updated such that the closed loop bandwidth and the damping ratio change in a linear fashion
depending upon the estimated gain or load changes.

The setup parameters Estimation Minimum DAC and Estimation Time are the same as in
standard adaptive control. The user has to specify the minimum plant gain (i.e. at maximum
inertia), the maximum plant gain (i.e. at minimum inertia), the desired bandwidth, and desired
damping ratio corresponding to the two cases above.

The default tab looks like the following:

Power PMAC IDE User Manual 198



Menus

| Adaptive | Gain Scheduled Adaptive

Adaptation Settings

Minimum Plant Gain

Desired Natural Fregency (minW) Hz

Desired Damping Ratio {(minDR)

Maximum Plant Gain

Desired Natural Fregency (maxW) Hz

Desired Damping Ratio (maxDR)

Estimation Min. DAC (EstMinDac) DAC bits
Estimation Time (EstTime) servo cycles
Estimated Gain (EstGain)

Estimated Gain Ratio (GainFactor)

i ADAPTATION
siit;j.:d Restore to ‘T |~_O_F_F_
Adaptive Control Regular Servo —J oFF |

Cam Learning Control Setup
Cam learning control algorithm is a spatial (position-based) iterative control algorithm where the

torque compensation table for a target motor following its source cam table is automatically
filled. The control law is a proportional learning control law and is given as:

ULc (k +1) = Urc (k) + Kic - e(k)

where k is the cycle number for the cam profile, U.c(k) is the control effort at cycle k, Kicis a
proportional learning gain, and e(k) is the following error at cycle k. Note that the above control
law is an integrator in the cyclic base; that is, if the disturbances acting on the target motor are
not time varying, it will eliminate the following errors at steady state.

The user has to specify the source cam table, the learning gain, the minimum error in terms of
motor units, and the maximum compensation torque. The software checks if there are active
cam tables and populates the combo box accordingly.

The minimum error acts like a dead zone in that the torque compensation table value for a cam
zone will stay the same if the following error at the specific zone is less than this value at the
last iteration.
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The maximum compensation DAC specifies the maximum and minimum values for the torque
compensation table values.

The cycle time specifies the time for the total cam profile in terms of seconds.

The live tuning feature allows the user to tune the learning gain via providing the maximum and
RMS following error values for each cycle.

[(iurrem Loop Tuning lrop; Lojp Test I Position LocTJMo{une | Posttion Loioprlmemctive funing | Prefitter Setuip Adaptiveiéo;rolr Se@ Interactive Fitter éetuT) Cam LC Setup |

Select Source Cam Table

Cam Leaming Control Parameter Setup

Leaming Gain

Minimum Eror Treshold mu
Maximum Compensation DAC DAC bits
Specify Cycle Time

Cycle Time 1 seconds

Tuning

Start Leaming Control Live

Stop Leaming Control Live
Tuning

Kill Motors

This menu option kills all motors. This is equivalent to issuing a CTRL+ALT+K command in the
Terminal window.

CAM Sculptor

This software feature is licensed. This option will allow user to define CAM but if the software is
not licensed it will not allow to download the CAM profiles to Power PMAC.

The help for this menu item is separate and available in the Power PMAC IDE installation under
Help folder. On a standard installation it is available...
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0SDisk (C:) » DeltaTau > PowerPMAC > 4 > IDE > Help v 0

~

) Name Date modified Type Size

I FeaturesCamSculptor.pdf I 10/7/2020 12:40 PM PDF File 298 KB

. Help Viewer.cab Cabinet File 6,260 KB

helpcontentsetup.msha MSHA File 1KB
@ Power PMAC IDE.pdf PDF File 21,107 KB
@ StandardProfileTypes.pdf PDF File 632 KB
@ StepsinDesigningACam.pdf PDF File 202 KB

EtherCAT Diagnostics

The "EtherCAT Diagnostic Tool.exe" application is designed to facilitate seamless
communication with PMAC devices over EtherCAT networks.

® | EtherCAT Diagnostic Tool — =
Help

Topology View | List View | CoF List Status | Mailbox C. icati DI - |-

Number Name 1D Shift Time State Status nnection Sta

Log Messages | Log Files

Time |Error Code  Error  Jescriptior

RESET SCAN RESCAN ACTIVATE

Export Log
Communication Status
ServoCount EcMasterDemo

MasterState RAS Server

Task Manager
The Task Manager:
e Provides information about the Power PMAC CPU and about programs running thereon

e Permits the start and stop of programs
¢ Displays which servo and phase algorithms the motors used

CPU Information
The first tab of the Task Manager is the CPU Information tab:
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‘ TaskManager : Online[192.168.0.200:55H]

e |

CPU Information | Tasks | PLCs | Programs | SubPrograms | Servo | Phase | 0S Resources |

CPU Information
Power PMALC Type
Firmware Version
Total Memony

CPU Temperature

Buffers

Program Buffer
User Buffer
Table Buffer
LookAhead Buffer
SyncOps Buffer
Symbols Buffer

POWER PMAC UMAC
1504
2026 MB

36.75C

PMAC Memary Overview

Total Memony
16 MBE
1MEB
1ME
16 MBE
1ME
1ME

CPU Frequency

Firmware Date

Free Memary

CPu

1000MHz
Jul 14 2012
1649 MB

460EXRev B

Used Memony
128 KB
0 Bytes
0 Bytes
0 Bytes
128 KB
0 Bytes

The table below describes the fields beneath “CPU Information:”

Menus

Field

Description

Power PMAC Type

This field states the type of Power PMAC form factor in which this CPU
resides (e.g. UMAC, Brick, etc.)

Firmware Version

The version number of the firmware installed on this Power PMAC CPU

Total Memory

The total RAM with which this CPU is equipped

CPU Temperature

The present operating temperature of this CPU in degrees Celsius

CPU Frequency

The frequency at which this CPU is clocked in MHz

Firmware Date

The date of the build of the firmware installed on this CPU

Free Memory

The amount of RAM presently unused

CPU

The PowerPC CPU'’s revision in this Power PMAC

Power PMAC IDE User Manual

202




Menus

The next section of this tab is the “PMAC Memory Overview”. In this section there are three
columns: Buffer, Total Memory and Used Memory whose purpose is as follows:

e The buffer column describes each buffer in the Power PMAC memory
¢ The Total Memory column describes how much total memory space is allocated for that

buffer

e The Used Memory column describes how much that Total Memory is actually being
used or occupied presently

The table below describes each buffer beneath “PMAC Memory Overview” in the Buffer column:

Buffer

Description

Program Buffer

Allocates space for motion programs and PLC programs written in Script

User Buffer

Allocates space for general purpose use

Table Buffer

Allocates space for compensation tables (position and torque)

LookAhead Buffer

Allocates space for the Special Lookahead feature

SyncOps Buffer

Allocates space for Synchronous Operations (i.e. Synchronous M-
Variables)

Symbols Buffer

Allocates space for variable names

The exact amount of memory allocated for each buffer can been seen by typing the size
command into the Terminal Window and the exact amount of free memory within those buffers
with the free command.

Tasks

The Tasks tab shows five categories of tasks being executed on the Power PMAC CPU:
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@@ Task Manager: Online[10.150.168.237:55H] — O =
CPU Information Tasks PLCs Programs Sub Programs Servoe Phase OS5 Resources
Tasks Owverview
Tasks Frequency (kHz) Exec. Time {usec) Peak Exec. Time (usec) CPU Usage
9239 o000 0.000 0.000 %%
terrupt 9.239 6. 744 43 440 3.404 %
9.239 40.408 984 560 20.396 %
Background Tasks 0977 6227 22 800 0.000 5%
Real-Time (FG): 23.8% Scheduled (BG): 3.800%
3.
cPU |8 (Free OS5 Time): 97.27%
s
CPuU[1] (Free OS Time): 45.67%
Details
* Mo Motor commutation enabled.
* Mo Motor digital cumrent loop active
* AYDconverter demultiplexing algorthm MNOT enabled.
* Phase divider not active.
The purpose of each column shown in the Tasks tab is described below:
Column Name Description
Tasks Lists the task whose properties are being described in the columns to this

right of this one

Frequency The frequency with which this task occurs

Calculation Time | The average time this task requires to finish

Peak Time startup

The largest measured amount of time this task has taken to finish since

% Task Time The percentage of total CPU time this task consumes on average

The tasks in the Tasks column are described below:

Task Name Type of Calculations Performed Within This Task
Phase Interrupt Phase algorithms, typically used for commutating motors
Servo Interrupt Servo algorithms, typically used for servo control of motors
Real Time Move planning, real time Script and C PLCs

Interrupt
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Background Script and C PLCs, Background C Applications, Watchdog
Timer Resetting, Checking Limits and Safety Features, Communicating
with Host Computer

EtherCAT Tasks Amount of time taken for EtherCAT task.

Background
Tasks

Clicking each task in the Task column will show details about that task in the Details box at the
bottom of the Task Manager window.

Clicking on Phase Interrupt will show:

How many motors are being commutated

How many digital current loops are active

Whether the A/D converter demultiplexing algorithm is enabled
Whether the phase divider is active

Example “Details” Contents for the Phase Interrupt task:

Details

* Mo motor commutation enabled.

* Mo motor digital cument loop active.

* A/D-converter demultiplexing algarthm MOT enabled.
* Phase divider active.

Clicking on Servo Interrupt will show:

¢ How many motors’ servo control is enabled

¢ How many motors are using user-written servo code

e How many entries are in the Encoder Conversion Table
¢ How many compensation tables are enabled

o Whether data gathering is enabled

Example “Details” Contents for the Servo Interrupt task:

Details

* Mo motor servo enabled.

* Mo motor running user written servo code.

* 41 entries in the encoder conversion table. Launch Configure Encoder Conversion
Table for details.

* Compensation tables NOT enabled.

* Data gathering NOT enabled.

Clicking on Real Time Interrupt will show:
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How often the Real-Time Interrupt (RTI) is serviced

How many motion programs occupy how much space of the Power PMAC’s memory
Whether the Real-Time PLC (PLC 0) is active

Whether the user-written Real-Time Interrupt C Program (RTICPLC) is active:

Example “Details” Contents for the Real-Time Interrupt task:

Details

* Realtime intemupt serviced every 1 servo intemupts. -
* Total of (' motion programs occupying 0 bytes in PMAC's memony.

*PLC Dis NOT active.

* User written T’ Real Time Intemupt Task NOT active.

Clicking on Background Tasks shows nothing.

PLCs
Clicking the PLCs tab lists all Background C Applications, Script PLCs, Real-Time C PLCs
(RTICPLCs), and Background C PLCs (BGCPLCs) running on the Power PMAC presently:

ol TaskManager: Onlineugz‘s.o.zm:ssm o= (-]
CPU Information | Tasks | PLCS | Programs | SubProgrems | Serve | Phase | 05 Resources ]

PLCs

Type Mame Size Running

Application capp1.out A78m Yes

CPLC rtiplc.so MAA Yes

CPLC bgeple M/A Yes

PLC 1 307 Bytes Mo

PLC 2 43 Bytes Yes

PLC 3 43 Bytes Yes

Details

Description Values

Mame capp1.out

1D -

Size 478m

Status Running

Full Path Avarftp/usiflash/Project /C Language /Background P

Execution Time -

Mz Execution Time -

[ Stop ] [ Refresh List |

In the “PLCs” box there are four columns:
e The Type column shows the type of the program
e The Name column shows the name (if it has been named) or number of the program
e The Size column shows the amount of RAM the program occupies
e The Running column shows whether the program is running presently

The “Details” box at the bottom of the window shows various properties about the program. The
table below describes these properties:
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Detail Name Description

Type The type of program this is

Name The name of the program

ID The ID number of the program, if it has one

Size The amount of RAM this program occupies

Status Shows whether the program is running or not

Full Path 1Ir;'lcew C programs only; describes the directory path for the executable
Execution Time The time the program takes to finish executing each time it executes
Max Execution Time | The longest amount of time this program has taken to run since startup

The user can start a program by clicking on the program in the list and then clicking on the
button, or stop the program by clicking . To refresh the list of programs,

press | Befresh List |

Programs

The programs tab lists all motion programs in the Power PMAC:

@ TaskManager : Online[10.34.9.238:55H] = E | =)

‘ CPU Information l Tasks l PLCs ] Programs lSubPrograms ] Servo l Phase l 0S Resources]

Motion Programs

Type Name Coord Size Running
Program 1 91 Bytes No
Program 2 1 133 Bytes No
Details
| Description Values
Name 1
1D 1
Coordinate System 2
No of Motors 1
Size 591 Bytes
Status Active , Stopped on a Breakpoint
Start Option Refresh List

Start

| Assign CS and Start [

In the “Motion Programs” box there are five columns:
e The Type column shows the type of the program
e The Name column shows the name (if it has been named) or number of the program
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e The Coord column shows the number(s) of the coordinate system(s) which is/are
presently running this program (more than one coordinate system can be running the
same program simultaneously)

e The Size column shows the amount of RAM the program occupies

¢ The Running column shows whether the program is running presently

In the “Details” box there are 7 properties of the motion programs:

Detail Name Description

Type The type of the program

Name The name of the program if it has been named, or the number if not
ID The program ID number

Coordinate System The coordinate system in which this program is presently running

No of Motor Number of motors in this coordinate system
Size The amount of RAM this program occupies
Status Shows whether this program is running or not

Start a program by clicking on the program in the list, clicking on the Start Option menu and
then selecting Start. This option will be grayed out if the coordinate system (CS) column for the
selected row displays “Not Assigned.”

In this case use the second menu option “Assign CS and Start”. Selecting this menu will show a
dialog box where a coordinate system can be specified to start the program. A coordinate
system number can be entered or for multiple entries the numbers should be separated by

comma’s. Stop the program by clicking . To refresh the list of programs, press

Sub Programs
The Sub Programs tab shows all subprograms in the Power PMAC:

TaskManager : Online[192.168.0.200:55H] | | | =
| CPU Infermation | Tasks | PLCs | Programs | SubPrograms | Serve | Phase | OS5 Resources |
Sub Programs
Name D Size
timer 100000 56 Bytes
Refresh List
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There are three columns in the SubPrograms tab:
e The Name column shows the name of the subprogram or it's number if it has no name
e The ID column shows the ID of the subprogram which the IDE has assigned it
e The Size column shows how much RAM this subprogram occupies

To refresh the list of subprograms, press Refresh List |

Servo
The Servo tab shows which servo algorithms are being used for which motors:

P

@ TaskManager : Online[192.168.0.200:55H] = EcH ="
| CPU Information I Tasks I PLCs | Programs | SubPrograms | Servo | Phase | 0s F{escurc.es|

User Written Servo Control

User written code lbrary is ~ Active
Motor Algorithm ServoCir i

0 Standard Servo Mot Active

1 Basic Servo Active E

2 Standard Servo Active

3 ¥ Coupled Servo Active i

4 Adaptive Control Active

] Basic Servo Active

6 Standard Servo Active

7 Using function user_pid_ctr Active

8 Using function user_pid_ctr Active

g Standard Servo Mot Active

10 Standard Servo Mot Active

1 Standard Servo Mot Active

12 Standard Servo Mot Active e

Refresh List

This tab shows whether the user-written code library is active; that is, whether the user is using
any real-time C routines in the IDE project.

The IDE recognizes that the user is using real-time C routines if the build action on usrcode.c (in

the IDE’s Solution Explorer under C Language—>Realtime Routines) is set to Compile, as shown
in the screenshot below:
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Solution Explorer - 0 x
& T -
Search Solution Explorer (Ctrl+;) 2~

fal Solution 'Example Project’ (1 project)
4 [] Example Project

B [ System

4 [ Clanguage
P [ Background Programs
b 3 CPLCs
P [ Include

[_d Libraries
4 | = Realtime Foutines

[ usrcode.c
[ usrcode.h
P [ Configuration

P [ Documentation
 [d Leg

B [ PMAC Script Language

Solution Explorer

Properties - o x

usrcode.c File Properties -

==

B Advanced
Build Action Compile = I
Cl File Encryption option

Enable Encryption No
B Misc
File Name usrcode.c
Full Path ChUsershatul.govande\Docurn

There are three columns on the Servo tab:

e The “Motor” column shows each motor number, ranging from 0 to the value of

(Sys.MaxMotors - 1)

Menus

e The “Algorithm” column shows which servo algorithm is being used for this motor. The

servo algorithms available are as follows:

o “Standard Servo”™: This is the Power PMAC’s standard, default servo algorithm;

basically PID with some filters, saturations, and deadbands
o “Basic Servo”: This is just a standard PID servo algorithm with no additional
filters and nonlinearities
o “X Coupled Servo”: This is the cross-coupled gantry servo algorithm
“Adaptive Control”: This is the adaptive control algorithm

o

o “Using function {user function here}’: This is the user-written servo algorithm,
which the user needs to have written in C code and then set this motor to use
that algorithm. In the example screenshot above the servo algorithm is named
“user_pid_ctrl.” See the “Configuring User-Written Servo Algorithms” section of
this manual under the “Project System” header for more details on configuring

user-written servo algorithms.
e The “ServoCtrl” column shows whether this motor is active
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The Servo tab shows which servo algorithms are being used for which motors:

.TaskManager: Online[192.168.0.200:55H]

o= sl

| CPU Information I Tasks | PLCs | Programs I SubPrograms | Servo | Phase |OS F{esources|

User Written Phase Control
User written code library is ~ Active

Motar Algorithm PhaseCtd Currert Loop |-
1] Standard Phase Mat Active Mat Active
1 Using function user_phase Mot Active Mot Active £
2 Standard Phase Mot Active Mot Active
3 Standard Phase Mot Active Mot Active |
4 Standard Phase Mot Active Mot Active
5 Standard Phase Mot Active Mot Active
6 Standard Phase Mot Active Mot Active
7 Standard Phase Mot Active Mot Active
8 Standard Phase Mot Active Mot Active
9 Using function user_phase Artive Artive
10 Using function user_phase Artive Artive
M Standard Phase Active Mot Active
12 Standard Phase Mot Active Mot Active S

Refresh List

Menus

This tab shows whether the user-written code library is active; that is, whether the user is using

any real-time C routines in the IDE project.

The IDE recognizes that real-time C routines are being used if the build action on usrcode.c (in
the IDE’s Solution Explorer under C Language—>Realtime Routines) is set to Compile as shown

in the screenshot below:

Solution Explorer
@ o a| e -
Search Solution Explorer (Ctrl+:) -

51 Sclution ‘Example Project’ (1 project)
4[] Bxxample Project
P 3 System
4 [i¥ Clanguage
I [C4 Background Programs
> @ CPLCs
> [Cd Include
[ Libraries
= caltime Routines
[ usrcode.c
usrcode.h
b [d Configuration
b [C3@ Deocumentation
3
4

Cd Log
3 PMAC Script Language

Solution Explorer

Properties
usrcode.c File Properties -
F-D
E_Advanced

Compile =
ncryption option
Enable Encryption No
El Misc
File Mame usrcode.c
Full Path Ci\Users\atul.govande\Docur
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There are four columns on the Phase tab:

e The “Motor” column shows each motor number ranging from 0 to the value of
(Sys.MaxMotors - 1)
e The “Algorithm” column shows which phase algorithm is being used for this motor. The
phase algorithms available are as follows:
o “Standard Phase”: the Power PMAC’s standard, default motor commutation
algorithm
o “Using function {user function here}’: This is the user-written phasealgorithm,
which the user needs to have written in C code and then set this motor to use
that algorithm. In the example screenshot above the servo algorithm is named
“user_phase.” See the “Configuring User-Written Phase Algorithms” section of
this manual under the “Project System” header for more details on configuring
user-written phase algorithms.
e The “PhaseCtrl” column shows whether this motor is commutated
e The “CurrentLoop” column shows whether the Power PMAC is closing a digital current
loop for this motor

OS Resources

The OS Resources tab shows all of the processes (also known as threads) running on the
Power PMAC. Choose either to show only the Power PMAC processes (i.e. processes related
to the Power PMAC's tasks listed in the Tasks tab) or all processes, including processes that
may be running in the background and are not part of the Power PMAC’s tasks:

@ TaskManager: Online[192.168.0.200:55H] == ]
| CPU Information I Tasks I PLCs I Programs I SubPrograms I Servo I Phase | 05 Resources |_
05 Resources
@ View PMAC Processes ) View All Processes
FID User %CPU Mem Used Command
S R N S
2713 root 0.0 9456 ppmacserver
2829 root 0.0 236m gpascii
2849 root 0.0 236m gpascii
12245 root 0.0 236m gpascii
12265 root 17 236m gpascii
12285 root 17 236m gpascii

12305 root 0.0 236m gpascii
12335 root 0.0 236m gpascii

There are five columns on the “OS Resources” (Operating System Resources) tab:
e The “PID” column shows the Process ID number for this thread
o The “User’ column shows with which user this process is associated
e The “%CPU” column shows what percentage of the CPU’s time this process consumes
e The “Mem Used” column shows how much RAM this thread consumes.
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e The “Command” column shows the name of the Process that is, the name of the function
which this thread is executing

The amount of RAM used is shown in the “Mem Used” column consists of
the sum of the actual RAM the program occupies, and the shared
memory shared between each program using Delta Tau’s C Libraries.
= Thus, for example in the screenshot above, seeing “236m” for several
programs does not mean that each one occupies 236 MB but rather that
they all are roughly the same size and share the same library space,
bringing their total up to 236 MB.

Note

EtherCAT

This menu allows the loading and management of the device ESI files or ESI folder.

EtherCAT
[ ESl Manager l

= ES| Manager - O *
ESI Files
Selact an ESl file which should be deleted or exported or add new ESl files,
% Beckhoff Automation GmbH & Co. KG
Q Copley Controls
& | Delta Tau Data Systems, Inc,
IX | Omron Corperation
Number of ES| files: 41
Number of devices: 682
Add File Add Folder Delete Export Close
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Help
The Help menu provides a submenu for help on the IDE.
Help |
© ViewHelp Ctrl+F1 E
; B8 Add and Remove Help Content Ctrl+Alt+F1
Set Help Preference J l

View Database i

© Power PMAC IDE Manual
1Bl Help About Power PMAC IDE

View Database: The database is primarily used for setup program, IntelliSense, etc.

. Power PMAC Setup Database

|| Search Clear

|_]] ppmac192_168_0_200
#-[3] ppmaccommon
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Project System

IDE 4.x primary focus is on handling everything from the project system. The Project System is
far more powerful as compared to V2.x and V3.x.

The Project System incorporates the entire system setup, ECAT setup and Setup Variable. The
Project System maintains all the saved structure elements as changes are made within project
domain. The Build and download generate a systemsetup.cfg file that contains all the user
settings removing the necessity of the backup of the Power PMAC manually.

The Project System integrates the EtherCAT setup (EC-Engineer) removing the need to use an
external program to setup the network.

Project Organization

Layout

Projects in the Power PMAC IDE are organized into a folder structure which can be navigated
within the Solution Explorer which, by default, is the farthest right window in the IDE. This can
be opened by clicking View =>Solution Explorer from the main IDE screen or pressing
CTRL+ALT+L.

The Explorer appears as follows:

Solution Explorer >0 x
@ o-8 p-=
stion Explorer (Ctrle P~
) Solution ‘ExampleProject’ (1 project)
4 [ BampleProject « System: Folder allows to configure, set system settings
“ System * CPU: Global Clock and common CPU settings including core management for ARM cpu.
4 cPu * Hardware: Displays detected hardware .
b Hardware « EtherCAT: Allows EtherCAT network setup.
* EtherNetIP: Allows Ethernet IP network setup
b EtherNet/IP (Deactivated) * Motors: Allows to Add motor and configure motor
Motors * Coordinate Systems: Allows configure coordinate system and it’s structure elements.
Coordinate Systems * Encoder: Maintains current encoder table settings to be used in build and download.
3 Encoder * Application: User interface for configuring application setup.
b Application * Tools: Integrated New Tuning interface
b Tools * Clanguage: C language programming files.
b C Language * Background Programs: This folder contains Background C programs and associated header files.
b Configuration * CPLCs: This folder contains all Background C PLCs (BGCPLCs)
b Documentation * Include: Folder includes all the header files required for C programs
3 Log « Libraries: Common libraries that you add or develop and use it in the C app.
4 PMAC Script Language * RealTime Routines: this folder contains code for user written servo and phase routines.
b Global Includes + Configuration: This folder contains files you can use to manage what runs first at startup and what runs upon
Kinematic Routines download
b Libraries * Documentation: stores General-purpose documentation files for the project in this folder.
b Motion Programs * Log: This folder contains detailed log files that can be view in case of the build and download failure
b PLC Programs * PMAC script Language: This folder contains all script programs, PLC and associated header files.

* Global Includes: Stores header files used in script programming.

+ Kinematic Routines: This folder contains script kinematics subroutine files.

« Libraries: Folder stores script subprograms files that can be called from Motion program.
* Motion Programs: This folder contains script Motion programs files.

* PLC Programs: This folder contains Script PLC files.

On the PC the project file organization looks like this...
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05D0isk (&) » ProgramData » Delta Tau » PowerPMAC Projects » PowerPMAC IDE » V4x » ExampleProject » ExampleProject

-

2 Mame Date modified Type Size
Application 471472027 1:44 PM File falder
Bin 4/14/2021 1:43 PM File folder

C Language 4/14/2021 1:43 PM File folder
Configuration 471472021 1:43 PM File folder
Documentation 4/14/2021 1:43 PM File folder
Leg 4/14/2021 1:43 PM File folder
PMAC Script Language 4/14/2021 1:43 PM File folder
System 471472021 1:43 PM File folder
Tools 471472021 1:43 PM File folder
|_1 ExampleProject.ppproj 471472021 1:43 PM PPPROJ File 8KB

Opening a Project

File-New-Project
Open a new project by selecting File =New or from start page New Project as shown in the
picture.

File | Edit View Project Build Debug Tools DeltaTau EtherCAT Window Help

New *» {3 Project.. Ctrl+Shift+N
Project Wizard...

Start Page + X-

‘ Powe

Start

Project Wizard...

Open Project...

A new project menu is added as shown in the picture above. Open New Project from Wizard.

There are many types of project template available. The User can make their own project
templates, and those will be shown in the New Project dialog. Exporting custom project
templates is covered in a later section.
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Standard basic PowerPMAC project
template
Standard basic PowerBrick LV project
Standard Project with EtherCAT Master

PowerPMAC PowerPMAC PowerPMAC

PowerBrick LV PowerPMAC PowerBrick LV

:l‘
|
i‘, PowerPMAC with EtherCAT (Acontis) PowerPMAC PowerPMAC with EtherCAT (Acontis) Node
i PowerPMAC with EtherNetlP PowerPMAC PowerPMAC with EtherNetlp Standard Project with EtherNetIP node
s PowerBrick_LV 4 Axis PowerBrick LV 4 axis project
jj TEERan T PowerBrick_LV 8 Axis PowerBrick LV 8 axis project
@ Power Brick LV 8 Axis PowerPMAC PowerBrick_AC 4 Axis PowerBrick AC 4 axis project
— PowerBrick_AC 8 Axis PowerBrick AC 8 axis project
QL Power Brick AC 4 Axis PowerPMAC
~ |
@ Power Brick AC 8 Axis PowerPMAC

Project templates provide a quick way to start Power PMAC programming. Required programs
are already included in the Power PMAC project templates. For example:

The PowerBrick_LV project template is specific to PowerBrick LV. This template provides the
required subprograms for PowerBrick LV stored under the libraries folder.

PowerBrick_LV project template:

5 [ PMAC Script Language
1 Global Includes
----- d Kinematic Routines
E = Libraries
: || poweronresetsub.pmc

ie. || timersub.pmc

File-New-Project Wizard

This new menu for creating project will walk you through series of questions and on Finish will
create project.

Here is the workflow of creating project from wizard. This functionality will keep growing in the
future releases of the IDE.

You can navigate Back and Next by clicking buttons and use Finish to end wizard and create
Project. Open a new project from wizard by selecting File @*New = Project Wizard or from start

page as shown above. Project wizard will open see picture mark with 1. It allows you to select
necessary Project template, see picture 2. Follow the wizard Next button
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Create New Power PMAC project from Application project wizaed X Creste New Power PMAC project freen Application praject wizard x

Welcome to create New Power PMAC project
from Application project wizard I

When you creste s Power PMAC progect through progect wizard, the progect wil
inchude o the settings selected during the prosect wirard process

Welcome to create New Power PMAC project
from Application project wizard

When you create  Power PMAC project through project wizard, the project will
inchude all the settings selected during the progect wzard process

%
$ ©) ©)

Select & propect type
PowerPmachian -
PowerBrick AC 4 Aris L =
Powerlinek AC § A Nest | Cancel

Select a project type: PowerBock LV 4 Ans

PowerPmacBasic » PowerBrck LV 8 Asn

| PomerPmacAconts
m— [Prowbmacion
[— | - Gacd! | PomerPmacitnerties®

Create New Power PMAC peoject from Application peoject wizard x Create New Power PMAC proyect from Application progect wizard x |

Specify project location and name Select project applications ‘
Apphcation: ltems: Intormation: |

LS v Homing TR feature i used for
- ot setting up the trigger
Location: | C:\l Tau\PowerPMAC Projects\PowerPMAC IDE\V4.x\ - | [ Browse— V! Compensation table posw-prmyah s

' Gantry distance for Raped
processing configuration.
This feature is supported

by CKIWGCao00x
@ Sl

Name: PowerPMALCT13

Create New Power PMAC project from Application project wizard X Solution Explorer - 2 x
o o o L -

Se

» Solution Explorer (Ct o -

Specify motors configuration 53 Solution ‘ProjectWizardExarmpie” (1 project)

sl o oo Wizardampie

Systern

3 cPU

Motors Topology type > Hardware
| 1 - Motors

Sade e —— &3 Motort

Vietual (No Feedback) ~ &3 Motar2

&) Motor3
Sinale Feedback &3 Motors 6]
=T v] Coordinate Systems

| 3 SmoleFe k > Encoder

Single Feedback

- Application

Galvanometer &) Compensation
Virtual (No Feedback) @ g f«:::-g

.

Tools

73] Tune

C Language
Configuration
Documentation

Log

PMAC Script Language

vvvev

Bk || et | [Chneh | [Ccned ]

After Step 2 select Next to go to Step 3. Here you can provide Project name and location. Press
next to go to Step 4. In this steps you will see Common Application Homing, Compensation
Table, Gantry, TCR.

Choose the application you want to add to the project and press Next to go to step 5.
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TCR application will require CK3WGCxxxx Hardware, part of CK3M series.
Note

In step 5 user can add number of motors for the application. Currently only three topology types
are supported from wizard. Single feedback, Virtual and Galvanometer. This is shown below.

Click Finish to create Power PMAC project from wizard shown in step 6.

File-Open-Project
Opening an existing project by selecting File =Open menu or from start page Open project as
shown in the picture with workflow.

Fie £t Viw Proet Buld Oebog Took Detaly EheCAT Window Hep @ tymbea
New » . Db Detales + Ppweftlil + &
Open * |8 ProjectSolution. Cirbe Shifte O

& Fie Cuie0

StartPage + X

‘ Powe

toe » PowePMAC + 4 1 0F + Ppecfuamples » Demalio &4

Semebln 8
Demedor 41 Bachip
@ Conctor UPovemaciite s

Solution Explorer

= - | -

57 Solution ‘DemoBox_4X" (1 project)
4 [M DemoBox_ 4X
- System
cPU
> Hardware
- EtherCAT
@ MasterO (Deactivated)
Motors
Coordinate Systems
> Encoder
Tools

C Language
Configuration

RALE 2

5 Libra

- Motion Programs
) progl.pmc

> PLC Programs
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Project System

Right click on the Project to get the context menu. Here is the menu looks like...

& Build Build: Build the project
- Rebuild: Clean and build the project
Eeaa Clean: Clean the project on PC.
Clean
Scope to This
[ New Solution Explorer View
Build and Download All Programs ) . . . .
) Download All programs: Download to PMAC already build project . Mainly useful for Power PMAC Script language. (Dynamic Menu)
Map Power PMAC Variables Map Power PMAC Variables: As name says it maps the variables defined in the project so it will be available in the Intellisense list
Export Project with IP Protection...
- Export Project with IP protection: Export project protecting intellectual property.
Pi Template...
R vo;ecf Chpeme Export Project Template : As the name says, exports the project template to be reuse.
Compare Project Compare Project: Compare PC and PMAC project.
Add EtherCAT Add EtherCAT: Add the EtherCAT master node to the Basic project template if EtherCAT support needed.
Add EtherNet/IP: Add the EIP node to the Basic project template if EtherNEt/IP is needed.
Add EtherNet/IP
Add Macro
IAdd Acplcabon Add Application: Add the Application node to the Basic project template if Application setup needed.
& Cut Ctrl+X
X Remove Del
Unload Project
¢  Open Folder in File Explorer
p 4 Properties Alt+Enter Properties: Open project property dialog.

Build
Build will build the project. This option is mainly for building C application.

The progress of the build is displayed in the output window as shown below.

Output

Show output from:  Build e u|E|a
Please wait while uploading Libraries from Power PMAC.

Libraries upload successful.

Please wait while Executing Project Script.

Please wait while mapping Power PMAC variables.

End of synchronizing the Database.

Power PMAC variables mapped successfully.

Project Building and Mapping total time = 5.062 sec

sessssssss Build: 1 succeeded or up-to-date, © failed, © skipped swssssssss

Power PMAC Messages Terminal Power PMAC Unsolicited Power PMAC Error Find Results 1 [KelNEITS

Build succeeded (4/15/2021 9:54:14 AM)

The output of the build is mainly ¢ programs. For example after successful build operation the ¢
output file available under Debug or Release folder depending on the mode selected.

OSDisk (C:) > ProgramData > Delta Tau > PowerPMAC Projects > PowerPMACIDE > V4x > ExampleProject > ExampleProject > Bin > Debug

a Name Date modified Type Size

|| cappl.out 4/15/2021 9 QUT File 226 KB
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Rebuild
Rebuild will build the project. This option is mainly for building C application.

The progress of the rebuild is displayed in the output window as shown below.

Output

Show output from: Build - E|ma

------ Rebuild All started: Project: ExampleProject, Configuration: Debug Any CPU ------
Please wait while mapping Power PMAC variables.

End of synchronizing the Database.

Power PMAC variables mapped successfully.

Project Building and Mapping total time = 2.416 sec

==sss=s=== Rebuild All: 1 succeeded, @ failed, @ skipped ====s=ss==

Power PMAC Messages Terminal Power PMAC Unsolicited Power PMAC Error Find Results 1 eI

Build succeeded (4/15/2021 9:55:24 AM) \

The output of the rebuild is mainly c programs. For example after successful build operation the
c output file available under Debug or Release folder depending on the mode selected.

OSDisk (C:) > ProgramData > Delta Tau > PowerPMAC Projects > PowerPMACIDE > V4x > ExampleProject > ExampleProject > Bin > Debug
A Name Date modified Type Size
cappl.out 4/15/2021 9:58 AM OUT File
Clean

Clean will clean the build files from Debug or Release. As specified earlier build files are C files.

The clean is only from the computer. Here is the folder after clean....

0SDisk (C:) » ProgramData » DeltaTau » PowerPMAC Projects » PowerPMACIDE » VW4x 3 ExampleProject » ExampleProject » Bin 3 Debug

-

o) MName Date modified Type Size

This folder is empty.

Building and Downloading the Project

This process requires two steps; the first step is to set the Solution’s configuration mode. By
default, the Solution configuration is in Release Mode. If the C-App or Script PLC is required to
be debugged, then set the solution configuration to Debug Mode. Debug mode generates a
bigger binary file size and may fill up the Power PMAC disk. It is a good practice to compile the
final version of the project in Release Mode to save space on the Power PMAC.
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File Edit View Project Build Debug Tools DeltaTau Window Help
A E-EH e 6 B3 &y B | ) Debug ~ Any CPU v | [# getpmacvar v |G - U

:

Set configuration to Debug to debug a C-App or Script PLC

The Second step is to build and download the project to the Power PMAC. Right click the
project’s name and click “Build and Download All Programs” as shown below:

[ Solution 'ExampleProject’ (1 project)
= O EEmE

# | Buid

Rebuild

Clean

Debug »

Add Solution to Source Contral...
ad All Programs

Map PMAC Variables

Cut

Remave

Unload Project

Properties

This will download the entire project to Power PMAC. Selected Script files can download
individually or in multiples by selecting Shift+Click and selecting each file and then clicking
“‘Download Selected Files”.

The screenshot below shows downloading just PLC 1:

=] o] a =1 o7 T
i Z| pp_errd [J | Open
. =lpRpro Open With. ..
=~ | PMALC Scrip)
Bl 5 Global ] [Z] | View Code
©obe (3] gl
E| |Zr Kinema
- 2] for{ % | Delete

Exdude From Project

i - (@] v

El |Zr Librarig e

e e | suby Download Selected Files
I_;l .= Motion

Debug the selected PLC

i A pro
B [ PLCPrd 2 Properties

=

The entire project must have been built and downloaded in order to be able to download
selected files. This is because the IDE must compile the C programs and map all variables as a
whole; this cannot be done individually. The “Download Selected Files” feature is intended for
development purposes, e.g. making several iterations of changes to just one file and then
testing these changes without having to download the whole project again.
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System.
In the case of an EtherCAT® configuration downloading will also download the
Note eni.xml and ECATConfig.cfg to Power PMAC.

Build and Download will always generate systemsetup.cfg and will download to
Power PMAC. The file should not be altered as this file is maintained by Project
‘A@’

Map Power PMAC Variables

Mapping preprocesses all the script files and generates the symbol tables and pp_Proj.h file to
be used by ¢ apps. The progress of mapping is displayed in the output window.

Output

1

Show output from: Build fa
Please wait while Executing Project Script.

Please wait while mapping Power PMAC variables.

End of synchronizing the Database.

Power PMAC variables mapped successfully.

Power PMAC Messages Terminal Power PMAC Unsolicited Power PMAC Error Find Results 1 [JJTEIVS

Export Project with IP Protection

IP (Intellectual property) protection allows OEM builders, independent integrators and users to
protect their intellectual property by encrypting script programs. The encryption is password
protected.

The current implementation of IP protection is three level.

1. Customer-A can encrypt the script programs and pass the project on to Customer-B. This is
level one.

2. Customer-B can take the project from Customer-A and add their own logic and protect it by
encrypting and give it to Customer-C. This is level two. Customer-B cannot list or view
Customer-A's code.

3. Customer-C can take the Project from Customer-B and add their own logic and protect their
part by encrypting it and give to Customer-D. This is level three. Customer-C cannot list or
view Customer-A's or Customer-B code.

4. Customer-D cannot list or view Customer-A's or Customer-B code.

Steps :

1. Open project (New or previously created)
2. Open project properties to choose how to encrypt the project.
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% perPMACT |
Build

- Jystem
Rebuild § Language
Clean fonfiguration
Scope to This Pocumentation

3 New Solution E plorer Vi P9

p nNew (tle Xpiorer oW |

= . IMAC Script Language
Debug »
Build and Download All Programs
Map PMAC Variables
Add Macro Project

X Cu CtrieX

X Remove Del

¢® Open Folder in File Explorer

& Properties Alt+Enter

In the properties windows go to the project encryption options

PowerPMACT Property Pages

General P Variable Starting point 8192

Q Variable Starting point 1024

v PowerPMAC project general properties
Download C Source Files No
Ignore Errors No
Project Password
Projpp Timeout Period (msec) 300000

Device Properties

Communication Settings

Project Encryption Options Do Not Encrypt Any File

Cancel

x |

Project System

Select encrypt all project files or some project files and set a password for the project.

If some items are selected to be encrypted click on a project item and choose yes to Enable
Encryption property, build and download to verify the project is building and downloading.

Right click on the project and select Export menu option.

3. Build and download the project.

A Build and Download is a necessary step for the Export Project (IP
B Protection) option to become enabled.

Note
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Right click on the project and select Export Project (IP Protection) ... menu option.

4 Build '
Rebuild
Clean
Scope to This
New Solution Explorer View
Source Control »
Build and Download All Programs
Download All Programs
Map PMAC Variables
Add Macro Project
I Export Project (ﬁ protection)... l
& Cut Ctrl+X
X

Remove Del

Unload Project
(54 Open Folder in File Explorer
F Properties Alt+Enter

The opened dialog will ask for an exported project name and the path to export the project to.
Click export once the project name is entered.

4. Click Export to export the project and follow the instruction to name the project and etc.

Export Project with IP Protection X

Current Project Name: FWCompatibility

Target Project Name:
FWCompatibility_Export

Project Export Path:

On opening the exported project, the PowerPMAC script items chosen to be encrypted will have
been replaced by the encrypted versions of the files. The global include *.pmh files will not be
exported as an encrypted item even if they were selected to be encrypted. The password field
must be empty so that a new password can be entered for the exported project. IP protection
supports two level password and three level of IP protection. IP protection will support multilevel
c apps as well.
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If the Export Project (IP Protection) ... is clicked and the build and download of the project have
not been performed the following message will be shown:

f _"‘-.I Please set the encryption level in the project properties to encrypt
W' project items and do a build and download to export the project with IP
~ protection.

5. Opening the exported project will look like the following:

fa] Solution 'BaseProject_Export' (1 project)
4 W BaseProject_Export
B [ System
4 [ Clanguage
4 | Background Programs
4 [ cappl
[A cappl.h
4 [ CPLCs
3 bgcplcd0
[ rticple
B 3 Include
1 Libraries
I [ Realtime Routines
[d Cenfiguration
1 Documentation
[ Leg
|Z PMAC Script Language
4 |7 Global Includes
[ global definitions.pmh
1 Kinematic Routines
I [ Libraries
4 | & Metion Programs
O progl.pmc.gpg
1 preg2.pmc
4 [ Z PLC Programs
O plel.ple.gpg
OO plc2.ple

LT T T

6. As stated earlier the IDE supports three level IP Protection meaning the project can be
exported twice. If an attempt is made to export for a third time the following warning will be
shown:
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! \ Project export limit has reached. Project cannot be exported.

Export Project Template

This option can be access from Project level context menu. Right Click on the project and select
Export Project Template as shown below.

& Build
Rebuild
Clean
Scope to This
B  New Solution Explorer View
Build and Download All Programs
Map PMAC Variables
Add Macro Project
Export Project with IP Protection...

Export Project Template...
o Cut Ctrl+X
X Remove Del

Unload Project
@ Open Folder in File Explorer

F Properties Alt+Enter

IDE V 4.3.0.x and below support accessing Export/Import Project Template
(7R from the File-Export-Project Template menu. This option is replaced with

Template Manager in IDE V4.3.2.x and above.

Note

This option allows the user to:

» Export a project so that other users can use it as a base for their projects.
*+ To add an icon for the custom template.

+ Export a project and automatically add it to their New Project dialog.

* Preview the information about the project that is being imported.

+ Delete custom project templates.

* Import a project template in order to use a pre-configured base project.

Note: The user is prevented from importing a template that is not supported by the current IDE
version.
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On clicking the option to Export the following dialog will open:

Export Project Template

Template name:

MyProject
Template description:  This is a sample project template

lcon image:

Preview image:

/ DELTA TAU

J;,‘) Power PMAC-NC
o

Export gptions: [T] Export to the following folder:

v A ally import the

into PowerPMAC IDE

‘% Name of the template

_% Description

) Template store path
G ¢

o [ Gmea |

In this dialog the default is set to “Automatically i

mport the template into Power PMAC IDE”. The

User can uncheck this option. On selecting Ok, the template will be created, and a success

message will be displayed.

Export Project Template

Project ‘MyProject’ was successfully imported

a New Project.

Please restart PowerPMAC IDE for changes to take effect when creating

into PowerPMAC IDE.

The exported template is available to load from File-New-Project, as shown below.

New Project x
® Recent Sortby: Default - B it= P~
“ Installed
_i PowerPMAC PowerPMAC Type: PowerPMAC
PowerPMAC e This 1s a sample project template
PowerPMAC Solution ﬂ' PowerPMAC with EtherCAT (Acontis)
i PowerBrick_LV PowerPMAC
~
$ e MPropec PowetPMAC
‘ MyProjectTemplate PowerPMAC
@ oo PowePMAC DELTA TAU
AN
. » Power PMAC-NC
j 2018
Name MyProject!
Location: CAUs de\ DEW4AA - [ Bowse |
Solution: Create new solution
Solution name: MyProject! ¥ Create gdirectory for solution
[0 [ conce ]
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The red square shows the options selected when the template was created.

To share a exported template use the option File-Import-Project Template option as shown
below.

@ PowerPMACAT - PowerPMAC IDE 42.04
File | Edit View Project Build Debug Tools DeltaTau EtherCAT Window Help
New » - | Debug - Any CPU

€D Position Watch Status Joi

v

Open
Close
B Close Solution

Upload Project From PowerPMAC

W Save PowerPMAC47 Ctrl+S

Save PowerPMAC47 As...
W Savenll Ctrl+Shift+S

Export »

Import * Custom Motors...

Custom Amplifiers...

Recent Files 3 Item Template...

Recent Projects and Solutions » Delete Project Templates...
B it Alt+F4 Delete tem Templates...

This option allows user to create the base project and export as a template and share.

On selecting, this will open the Import Project Template dialog as shown below:

Import Project Template X

Project template: C:\ProgramData\DeltaTau\PowerPMAC IDE\4\ProjectTemp ;Bvbwse...r_
Template name: MyProject

Template description:

lcon image: -'\E

Preview image:

/. DELTA TAU

P/

,'/ Power PMAC-NC
016

’ oK ‘ Cancel ‘

On clicking OK, the project template will be imported and will be available to use from File-New-
Project dialog.

Comparing a Project

IDE version 4.3 and above allows the User to compare the active project on Power PMAC with
the local one on the PC. On opening the project, the User will see this message...
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PowerPMALC >

The currently loaded project PowerPMACTD differs from the one in the PowerPMAC, Would you like to
see the difference between the projects?

[] Do not show again Yes | | Mo

The User will be presented with three choices.

1. If the User would not like to see the differences, then they will click ‘No’.

2. If the User would like to see the differences between the two projects, then they will click
‘Yes'.

3. Ifthe User does not want to compare project every time, they open their IDE they can select
‘Do Not Show again’ check box which will stop this dialog from being shown.

The User can enable the compare dialog again by going to Tools-Options-Power PMAC-
General Settings. The option is marked in red square. Check the box so next time when the IDE
opens the project it compared on load and pop-up the compare dialog. The tool option looks like
this...

Options 7 ps

Search Options (Ctrl+E) P Cormmand Toolbar

4 Environment Shows warning before sending certain commands
General

Project Setup

AutoR
utoRecover Prompt when an opened project is different to the one on the PowerPMAC

Documents
Extensions and Updates
Find and Replace

Fonts and Colers

Import and Export Settings
International Settings
Keyboard

Notifications

Quick Launch

Startup

Tabs and Windows

Task List

Web Browser

Projects and Solutions
Source Control

Text Editor
Debugging

Database Tools

LT T T YT

PowerPMAC

Communication Setup
Network Settings
ECAT License Interface
Advanced Settings

b Text Templating

b Web Forms Designer

b Windows Forms Designer

I XAML Designer

Eaced

If the User clicks ‘Yes’ it will open Project compare dialog. The same Project compare dialog
can be opened by right clicking on the solution file and then selecting Compare project context
menu. The context menu looks like this...
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4 [m| PowerPMACTO

Build
Rebuild

3

Clean

Scope to This

Mew Solution Explorer View
Build and Downlead All Programs
Map PMAC Variables
Add Macro Project
Export Project with [P Protection...
Export Project Template...

| Compare Project

X Cut Ctrl+X
X Remove Del

Unlead Project
c Open Folder in File Explorer
A Properties Alt+Enter

The Project Compare view looks like this...

+ [ TestECAT Stave ppproj

« il Configuration -
Drop down PowerPMAC ) ECATConfig.cly Current active PC
Project. location - D) eniami project location
Default location is opened in the IDE
PowerPMAC Active project

location.

Indicates file(s)/folder(s) are different
I Indicatesfile(s)/folder(s) are only on PowerPMAC

Indicates file(s)/folder(s) are only on PC

The user can choose the location of the Power PMAC project from the drop-down list, like this...
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Project Compare & = > R

Active Project (fvar/ftp/usrflash/Project) ¥
Active Project (fvar/ftp/usrflash/Project)
Backup Project (/opt/ppmac/usrflash/Project)

Backup 1 Project (fopt/ppmac/usrflash.1/Project)
Backup 2 Project (/opt/ppmac/usrflash.2/Project)
Backup 3 Project (/opt/ppmac/usrflash.3/Project)
Backup 4 Project (/opt/ppmac/usrflash.4/Project)
Backup 5 Project (/opt/ppmac/usrflash.5/Project)

If the EtherCAT .eni files are different then the .eni file will be expanded, and the user will see
the comparison of slaves that are part of the eni file on Power PMAC vs PC. It is displayed like
this...

Project Compare # & X

Active Project (/var/ftp/usiflash/Project) | CAUsers\atul. govande\Documents\PowerPMAC IDEWV4:ATestECAT Slave\TestECAT |
+ [ ActiveProject + [0 TestECAT Slave.ppproj
- ] Configuration - & Configuration
[ ECATConfig.cfg [ ECATConfig.cfg
« 5 eniaml - i eniml
[ Slave_1001 [NX-ECC201] (1001) [ Slave_1002 [R88D-1SNOTH-ECT] (1002)
[ Slave_1002 [EK1100] (1002) ) ODTSlave (1001)

[ Slave 1003 [EL1002] (1003)
[ Slave 1004 [EL2002] (1004}
[ Slave_1005 [Re8D-KNDIL-ECT] (1005)

Comparing a file :

IDE V4.3 onwards will support file comparison directly from the Compare Project dialog. The
user can compare .eni files, as well as navigate files and folders. The user can compare the
project opened in the IDE with a Power PMAC backup project (user flash, userflash.1,
userflash.2 etc.).

As described in the compare project, this colour indicates the
files are different.

The user can double click on the file to view the difference or right click on the file to open the
compare context menu. The file compares view looks like this...

if (testvar == 1)

100% -
Removed [7] Added  Help
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The user can scroll up/down the file to see the differences. The user can also use the arrow
keys from the IDE menu to jump to the next/previous difference.

AR hardware '|h_-| ﬁElv;EEEDDvHE" = E;EEEE[@JEM|:§§:|
Hover the mouse over the arrow keys to see the tooltip.

e 2=|a. =z
| Next difference (F8)

Limitation of file compare:

1. The user cannot compare bin files. For example, capp1.out

2. The user cannot see the differences between encrypted files (.gpg).
Copying files/folder :

It is possible to copy files or copy folder from Active project on PMAC to PC.

On right click to File or folder the context menu will change depending on the permission level.

Compare

Copy to project

For example .ecc file cannot be compare (Binary file) and copied so menu will be disabled as
shown below..

sl FthercatConfig.ecc
[ Masterl.ecatrmaster

O Added O Removed [ Changed Copy to project

Compare

Project Compare # & X

Active Project (/var/ftp/usrflash/Project) v | diusers\furmaridocuments\PowerPMAC IDE\PowerPMACS\P
+ [ ActiveProject + [ PowerPMACS.ppproj
- Configuration - Configuration
[ pp_custom save.cfg W pp_custom save.cfg
[ pp_custom_save.tpl [ pp_custom_save.tpl B
B pp_disabletxt B pp_disable.bxt
B pp_inc_disabletxt B pp_inc_disable.txt
B pp_inc_startup.bt B pp_inc_startup.bdt
O pp_savecfg O pp_savecfg
B pp_startup.bet B pp_startup.bet
[ systemsetup.cfg [ systemsetup.cfg
~ .51 enixml =
[} Slave_1001 [R88D-15M01L-ECT] (1001}
- Documentation - Documentation
B note.tet B notetet
- PMAC Script Language - PMAC Script Language
» Global Includes » Global Includes
v Libraries » Libraries
v Motion Programs v Motion Programs
v PLC Programs v PLC Programs
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1. The copy is only one direction, Power PMAC to PC (Power PMAC IDE).
S 2. Slaves under EtherCAT cannot be copied from Power PMAC to PC
project.

Note

Add EtherCAT

Add EtherCAT context menu adds EtherCAT Master so user can add EtherCAT devices. This
option is dynamic option. If user opens the Basic project where EtherCAT node is not present in
the project tree. Under this case if user required to add EtherCAT network to existing project this
option is used.

The workflow is shown below.

[J Solution ‘ExampleProject1’ (1 project) 1] Solution 'ExampleProject1’ (1 project)
4 [m) ExampleProject1 4 [T ExampleProject1
“ System “ System
b CPU 4 CPU
b Hardware b Hardware

Motors
Coordinate Systems

“ EtherCAT
& Master) (Deactivated)

b Encoder Motors
b Tools Coordinate Systems
b Encoder

b Tools

Arefnter

Add EtherNet/IP

Add EtherNet/IP context menu adds EtherNet/IP Node so user can configure EtherNet/IP
connections. This option is dynamic option. If user opens the Basic project where EtherNet/IP
node is not present in the project tree. Under this case if user required to add EtherNet/IP
network to existing project this option is used. The workflow is shown below.

3] Solution ‘ExampleProject!’ (1 project)

%] Solution 'ExampleProject1’ (1 project) 2 [ ExampleProjectt

4 [m] ExampleProject1 S B 4 @ System
Rebuild
4 System Gl b Wi CPU
3 Hardware
b CPU
& b EtherCAT
b Hardwere 4 EtherNet/IP (Deactivated)
Motors &) Connectionl
Coordinate Systems Motors
Commans Prclect Coordinate Systems
b Encoder pare Proj i e
b Tools

b Tools
Cutex

Del

Unload Project

q X 3¢ :

Open Folder in File Explorer

F Propenies AeEnter
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Add Application

Add Application context menu adds Application Node with selected application so user can
setup and configure. This option is dynamic option. If user opens the Basic project where
Application node is not present in the project tree. Under this case if user required to add
Application support to existing project this option is used. The workflow is shown below..

[3] Solution ‘ExampleProject!’ (1 project) R Select project sppiications
4 [ E leProject1 Select project applications rerire e
4 System uccmria o S (—
b (<] ~seitn
3 Hardware e
Motors
Coordinate Systems
b Encoder
b Tools
5 p—
0 - = " —~
) Sohuton ExampleProject!” (1 project
4w EuampleProject]
. System
ov
Hardaare
EtherCAT
Ethertiet P (Deactr sted.
&) Connection!
Moters
Coordnate Systems
Encoder
Apphcation
&) Compensation
&) Gantry
&Y Homng

Right-click on the project and click Properties. The following dialog shows.

M Variable Starting point 8192 ~
P Variable Starting point 8192
Q Variable Starting point 1024
v PowerPMAC project general properties
Download C Source Files No w
Download systemsetup.cfg File Yes
Ignore Errors No
Project Encryption Options Do Not Encrypt Any File
Project Password
Project Template Version 2.5
Projpp Timeout Period (msec) 300000
Use new PDO mapping name format ~ Yes v
Download C Source Files
Download all the C source files during the download process

The properties are self-explanatory.
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this property is set to Yes as we recommend user to use the cfg file. The IDE
automatically maintains the file and saves any changes from IDE domain to this
file.This property is not available for IDE V4.0.x.

For IDE V4.1.x and above the new property ‘Download systemsetup.cfg file’ is
set to No when the project is upgraded from V3.x project. For any New Project
‘A@

Note

The new property “Use new PDO mappingname format” is added to support new naming
method for EtherCAT PDO’s. There is no longer a limitation for EtherCAT PDO names. This
property is from V4.3 so if the project is upgraded from previous version this property is set to
No and any new Load PDO mapping command will use the old mechanism of PDO naming.

Project — Common operation

Adding and Removing Files

Add new or existing files to any subfolder by right-clicking it and selecting Add and then either
New ltem or Existing ltem:

iz Properties i | Existing Item...

Then browse to the item to be added or included. From IDE Ver. 4.2 Script Language files
added to the project will be displayed in a natural order. The script files can be moved up or
down by right click and opening context menu.

In the previous version of the IDE these files were displayed in alphabetical order.
To remove file simply select file and Delete file.

File Properties

Right-click any file and click Properties. The following dialog is shown:

Properties

cappl.c File Properties -

Build Action Compile LI
B Misc
File Mame cappl.c

radl

LisErs\charles

]
&a
m
=]
T

The Build Action box can be set to either Compile, Content, Embedded Resource or None. For
Script Files none of these options have any effect. For C program files (*.c file extension) setting
this to Compile will cause the file to be compiled. Any other setting will cause the file not to be
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compiled. All C header files (*.h file extension) should be set to Content to be linked with the *.c
files but not themselves compiled.

System

Layout

The system folders store the CPU, Motor, Coordinate system and Encoder settings.

4 [ System
4 [ CPU
&) System
4 | Hardware
ACC-24E3[0]
ACC-68E[0]
4 [ EtherCAT
4 |7 Master) (Deactivated)
& Masterd
4 [y Motors
&1 Motorl
[ Coordinate Systems

Common for all the views from system folder items

The following button strip is common to all the system folder view. When user clicks the Global
Clock block under System-CPU-System folder node.

Type 1

7? Up - =» Commonly Used Structure Elements

Up button: Returns to the originator of the view.

Commonly Used Structure Elements button (Next): This is dynamic Next button and text that
appears is the next logical choice for parameter setup. This button appears if the Next option is
available.

Accept: Clicking this accepts the parameter settings once they have been selected. Not clicking
on the Accept means that the settings will not be downloaded to Power PMAC.

Type 2

[ tup || «Global Clock]

Up button: Returns to the originator of the view.
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Global Clock (Prev): This is dynamic Prev button and text that appears is the Previous logical
choice for parameter setup. This button appears if the Prev option is available.

Accept: Clicking this accepts the parameter settings once they have been selected. Not clicking
on the Accept means that the settings will not be downloaded to Power PMAC.

CPU

This contains the Power PMAC system setting such as global clock and commonly used Power
PMAC system settings. This is a new view available after V4.2. The commonly used system
block is broken down into separate blocks based on function, for improved usability.

CPU Settings
Clock Settings Common System Memory Buffers Core Management Advanced System
Elements Elements
Clock Settings

The Clock Settings window is used to configure the Global Clock

The first screen is used to set up the global clock frequencies for the system. Type in the
frequency required, in kHz and click “Accept”. The Up arrow navigates back to System block or

Left arrow can take to the next block that is common System elements. The Symbol ()

indicates the master clock source. Hovering the mouse over i symbol will provide more
information about settings.

Clock Settings

Phase Frequency: 9.035] kHz
Servo Frequency: 2250 ~| kHz

Real-Time Frequency: 2259 | kHz @

Existing New
Servo Period: 0443 0.443] Milliseconds @)

Phase Over Servo Period: 0350 0350 (i}

[ sys.PhaseQverServoPeriod = 1/ Sys.ServoPeriad

Master Gate detected

PWM Frequency
Channel Frequency Edit Mode: | Update all Channel Frequencies on same Hardware Card i ]

Hardware Card  Channel 0 (kHz)  Channel 1 (kHz) ~ Channel 2 (kHz)  Channel 3 (kHz) ~ Encoder Frequency  ADC Frequency
() ACC-5EI0] 4518 4518 4518 4518
ACC-24E3(0] 4518 4518 4518 4518 3.125 MHz 3.125 MHz

Structure Element:  Sys.ServoPeriod

Description Servo update period for interpolation calculations

Range: pos floating-point
Defaultvalue: 0.442

2 System > Common System Elements | | Accept
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Note

If the software detects the EtherCAT® option but does not detect a Master
Gate it will automatically force Power PMAC to use its internal clock by setting
Sys.CPUTimeriIntr = 1. For EtherCAT® the servo period must be multiples of
62.5 usec. Upon accepting the clock settings issue, a save and $$$ in the
Terminal Window for changes to take effect and then check the value of
Sys.ServoTime in the Watch Window to ensure it is counting continuously
before proceeding.

The PWM frequency for each channel on the axis interface cards can also be set if there are
any. To change this right-click on the channel of the PWM frequency to change and then select
one of the possible options displayed as shown below:

PWM Frequency
Channel Frequency Edit Mode: Update all Channel Frequenci
Hardware Card Channel 0 (kHz) Channel 1 (kHz) Cl
(M) ACC-5E[0] 4518 4518
ACC-24E3[0] 4518 ~ 4518
4518
9,035
13.553
18.070
22,588
27.105
31.623
36.140

The Window containing four tabs at the bottom of the screen display’s useful information as the
system is configured.

The four columns give further detail as to the origination of the information i.e. the Location and

Module.

The Output tab shows every command that is being sent to Power PMAC.

PowerPMAC Messages
€3 OFErrors | 0 OWarnings | @) 1Messages | T 4Qutputs

Date

£ 3/22/2018 12:20:44 PM CPU Settings Global Clock Sys.ServoPeriod = 1
T 3/22/2018 12:20:44 PM CPU Settings Global Clock Sys.PhaseOverServoPeriod=1
T 3/22/2018 12:20:44 PM CPU Settings Global Clock Sys.CPUTimerlntr = 1

Location Module Description

The Messages Tab displays setup-related parameters that have been changed, in this case in
the Global Clock.
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€3 0Errors | 1 OWarnings | @) 1Messages = T 4 Outputs

Date Location Module Description
) 3/22/2018 12:20:44 PM CPU Settings Global Clock Data Accept Successful.

Commonly System Elements

This page shows the typical system parameter. Most of the times user will change settings in
this page.

Global Abort section will be prefilled for Power Brick. For regular Gate 3 (Acc24E3 or CK3WAX)
user will need to select.

Maxmum Number of Motors: R| Motors

Manmum Number of Coordinate Systems: 16| Coordinate Systems
Optimization

Background Sleep Time: 1000 Microseconds
Background Watchdog Timer Limit 10, Background Software Cycles
Foreground Watchdog Timer Limat 5000 Real-time Interrupt Peniods
Global Abort

Input Regrster

Bt Numbes

Maxmum Number of Scans 0 RTICycles

Parameter information
like structure element,
description etc

Structure Element.  Sys MaxMotors

Description: Max # of motors that can be controlled (0 to n-1)
Range 1.2%

Default value: NA

4 System | | ¢ Clock Settings

> Memory Buffers

When the parameter is selected the details about that parameter will be displayed in the

parameter information panel at the bottom of the page. If any parameter needs additional steps
these will also displayed at the bottom of the page, as shown below.
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System* & X

PowerPMAC Buffers
Note: Additional steps must be completed after changing these values.

Total Memory Used Memory __ Available Memory

Program Buffer | 15| 0125 15.875| Megabytes
User Buffer: 1 0.000 1.000| Megabytes
Table Buffer: 1 0.000 1.000| Megabytes
Lookahead Buffer: 16 0.000 16.000| Megabytes
Symbols Buffer: 1 0.000 1.000] Megabytes

Encryption Buffer

Gpg Buffer: [] Download to device 16| Megabytes

;, The values have been changed. Click here for the additionsl steps you must take to 3pply the changes

1. Click the Accept button to save the changes in the project.

2. Right-click on the project in the solution explorer and select the Build and Download All Programs command.

3. Type the following command in the terminal window to save all modified parameters: [Save

4. Type the following command in the terminal window to reboot the PowerPMAC: |Reboot

Structure Element: Not applicable

Description: Max Buffer size in MB for script programs
Range: Non-negative integer (Total PowerPMAC buffer size cannot exceed 1000MB.)
Default value: 16

[ 4 System | [ € Common System Elements|

- CPU Management | | Accept

Saved System data structure element values set from Global clock and

Note

Commonly Used Structure Elements are automatically stored and maintained in
the file under the CPU node. Similarly, all the gate values are stored and
maintained automatically under the Hardware node. These values are used when
the build is performed to generate the systemsetup.cfg file.

Core Management

Here user can set the relation between task and CPU core. This functionality is not supported

on the FW version lower than 2.6.x.x. Here is the core management function support table:

ARM Dual Core
FW Version | CPU Sﬁf.Mcﬁ,’?SM éEl"J"(S“‘,’If\%f”e Other CPU
(CK3E,UMAC)
Less than Not supported and Not supported Notsupported Notsupported
2 B.X.X option grayed out and option and option and option
T grayed out grayed out grayed out
Not supported
2.6.x.x. or Supported Supported Supported and option
above
grayed out
A Most of the application will never need to change the default balanced core
d management settings. Core management settings are not general settings.
Note
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On clicking the core management, a new dialog will open showing the current settings from the
project. The dialog looks like this.

This dialog is for Quad core. The preset options vary depending on type of the CPU and gate
availability.

ARM Quad Core CPU (CK3M, UMAC)

Type of ARM CPU
information

CPU Core Task Management ( Core with Gate)
| Option Core Tasks
(O E TS ,  ssciround (o]
Servo/Phase Intensive Tasks Applications
PowerPMAC preset RTl Intensive; Background Intensive | 4 Servo
Opti0n5~ Default is Phase/Background Intensive interupt tenupt

balanced load. Background Intensive 2
Interrupt

DualCore Compatibility

Dual core compatibility option selection under QUAD core management is designed for users
who are porting from Dual core to Quad core but do not want to change core management.

Dual core compatibility sets the cores like Dual core Balanced load configuration as shown
below.

CPU Core Task Management (Quad Core with Gate)

Option Core Tasks
) Balanced load (Default) o, Background 05 and
() Servo/Phase Intensive Tasks Applications

) RTl Intensive; Background Intensive ] Phase Servo Real Time EtherCAT
— Interrupt Interrupt Interrupt Tasks

() Phase/Background Intensive

() Background Intensive 2

E DualCore Compatibility

A A project must be open to manage core assignment. The new settings are
&> stored in the project.

Note

The dual core (e.g. CK3M with Gate) dialog looks like this...
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CPU Core Task Management (Dual Core with Gate)

Option Core Tasks
(@ Balanced load (Default) o, Background 05 and
() Servo/Phase Intensive Tasks Applications

Phase Servo Real Time EtherCAT
Interrupt Interrupt Interrupt Tasks

The dual core (e.g. CK3E or CK3M with No Gate) dialog looks like this. There is only one setting
possible for this type of configuration...

CPU Core Task Management (Dual Core without Gate)

Option Core Tasks
(®) Balanced load (Default) Background 0S and
0 —_—
Tasks Applications

Phase Servo Real Time EtherCAT
Interrupt Interrupt Interrupt Tasks
Balanced load (Default) option is selected when a new project is open. All available preset

options are factory recommended. The settings will reflect how you will see the tasks in the task
manager.

Any change to CPU core task management option from current option
requires following steps for successfully applying the change...
‘AW

1. Build and download the project
2. Save the project
Note 3. Reboot or power cycle Power PMAC.

There is a possibility that the settings read from the project may not match the preset settings; in
this case an additional Custom entry will be appeended to the table. If the User wants to set
different core assignments than preset settings, then select Tools-Option-Power PMAC-Core
Management.

The advanced settings are available for QUAD core CPU only.

The factory recommendation is not to change core assignment settings from this screen unless
all the associated risks are understood. It is recommended to use the selection from preset
settings on the core management screen. The Advanced options dialog looks like this...
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Options ? X

e CPU Core Task Management

Environment
Projects and Solutions
Source Control

8. Changing CPU core task is NOT recommended for general use and should only be changed if the
risks are fully understood.

AV VYV VY

Text Editor Task Core Task Core
Debugging

Database Tools Real Time Interrupt C' 5 ~ Background Tasks 0 v
PowerPMAC PLC

General Settings

Capt/Comp Interrupt 1 v EtherCAT Tasks 3 v
Network Settings
ECAT License Interface bhoseh EiherNetio Tasks
Core Management ase Interrupt 1 v therNetlp Tas! 0~
Advanced Settings
Text Templating Servo Interrupt fic» Host Communication 1 v

Web Forms Designer Tasks (gpascii)

Windows Forms Designer Real Time Interrupt 2 v Background 'C’ PLC 0 v
XAML Designer

Any change to core management settings are stored in the project, so next time the project is
opened these settings are available.

Power PMAC system (Device) and project, as indicated by a flashing warning

System difference will display the core management differences between
(i
sign at the right bottom corner.

Note

The Tool software makes sure that the Sys.CoreBgcplc = 1, always matches as
Sys.CoreBackground and

Sys.corertiplc always matches with sys.corerti. The mismatch is only possible in QUAD core
only if user uses Tools/Option/Core management as a advanced user. Dual core mismatch is
not possible from Tool software.

Example of using Core management

Case 1: UMAC/CK3M ARM Dual core CPU with Gate Hardware Phase/Servo Mode
and many commutated axis

In the situation where we are using many commutated axis with no core management CPUO is
overloaded. (See below picture) The result could be Phase Errors, Servo Errors, Runtime Errors
occur in customer applications
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| Tasks [PLCs | Programs | Sub Programs | Servo | Phase | 0S R

Tasks Overview

Tasks Frequency kHz) Exec. Time (usec) Peak Exec. Time (usec) CPU Usage
Phase Interrupt 96.046 4017 17503 38.625 % CPU[1]
Servo 8012 35172 73270 28.181% CPU[1)
1.002 122884 233174 2.307 % CPU[1]
Background Tasks 0.936 24,689 380.025 2.310 % CPU[0]

Real-Time (FG): 79.1% Scheduled (BG): 2.3%

CPU[0)

(Free OS Time): 97.7%

Fwh

CPU[1]

'| Detais

| Commutation enabled for Motors{ 0

*No Motor digital cument loop active

| * A/D-converter demuttiplexing algorithm NOT enabled.
* Phase divider active

Project System

Now use core management and you will see Phase Errors, Servo Errors and Runtime Errors no

longer occur.

Here background and phase task are on core 0 and servo and real time on core 1.
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Case 2: UMAC ARM QUAD core CPU with Gate Hardware Phase/Servo Mode with

sophisticated kinematics
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In this case real-time interrupt handles motion planning. Application demands large robotic
kinematic application with large computation in real-time. If core management is not used, then
there is a possibility of run time error.
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Now use core management and you will no longer see run time error or any other calculation
error because of no time.
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This dialog allows user to make change at one place. This is designed for advance user and
keeps the backward compatibility with previous IDE (V2.x and V3.x) Setup Variable screen

menu.

System = X

Fiter |

| [ lear

Command Value

Undo

SysBgSleepTime

Sy=BWDTReset

Sys.CompEnable

Sys.Comphotor

Sys.CPUTimerlntr

SysFirstEnc

SysMaxitPlc 0

SysPhaseCyclebxt 0

Sys.PhaseOversServoPeriod 025

SysPreCalc 1

0.442742110000000022

[]

Description Max # of coordinate systems that can be established (0to n-1)

Range 1.128

Units count

Default N/A

o

Update Period 100 ms

Hardware

This folder contains the Hardware Diagnosis part of the System Setup. The System Setup
displays various parameters associated with the accessory cards in the system in a graphical

manner in order that parameters may be adjusted for setup or diagnosis purposes.

Right click the Hardware Node to refresh the card list as shown below. This menu is available

for IDE version 4.3.2.x and above.

] Solution ‘PowerPMAC2' (1 project)
4 [T PowerPMAC2

4 System
b CPU

4 @ Hardware
B3 CK3W-AX1212[0]
4 EtherCAT
4§ Master0 (Deactivate¢ g
@ slave_1004 [FH-1
B siave_1003 [R88L

Scope to This

New Solution Explorer View
Properties

Refresh

Alt+Enter

A . Clovia 1NANT IDQQN _ICAINIM ELTI (10NN

Axis Interface Cards

The following are the supported Axis interface cards: For example, the ACC-24E3’s Hardware

Diagnosis page appears as follows:
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Name and model Card Information \C inkesernadion
. . Base Board: ACC-24E3 Type: Gate3 The type of Ch|p and number Of
information for Part Number: 604002 IClndex 0 .
the board is |, Revision: 11 Channels 2 Anlog, 2 Digisl <———| channels are described here
Options: 67503241
shown here
@ Channels
Chan(0] Chan(1] Chan(2] Chan(3)
Hals EEEE EEEE YE¥YE EER"E
Channel status AT 0 0 0 0
display »| Minus Limit Flag 0 0 0 %
Home Flag 0 0 0 0
User Flag . . n n
EQU Internal State 0 0 0 .
il Detailed
- - EQU Toggle ) B ) B i i
Short information information of
PMAC structured
Of PMAC Structure Element: Gate3[].Chan[].PlusLimit ¢ | t f
structured | Descipton: IC channel PLIM flag input value element for a
Range: 0.1 selected item
element for a Default value: Not Defined
selected item

The Acc-24E3 page displays the card information and the Channel Status. The channel status
will toggle between red and green and 1/ 0. The EQU state can be toggled by the EQU toggle
switch. Each row of this page can be selected and the information about the selected row will
appear at the bottom of the page. This information is a short description of the selected item
structure element. To get more detailed information about the selected item, the user can click
on the “icon, which will open up a help manual.
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Name and model Card Information IC Information -
. . - Type:  Gate3 The type of chip and number of
information for IClndex 0 .
the board is || Revision Channels 2 Anslog, 2 Digital < channels are described here
Options: 67503241
shown here
(%) Channels
Chan[0] Chan[1] Chanl[2] Chan(3]
Halls BN BN Bel S U IV e U BN W B B W
Channel status Plus Limit Flag 0 ) 0 0
display »| Minus Limit Flag 0 0 0 0
Home Flag 0 0 0 0
User Flag 1 1 1 1
EQU Internal State 0 0 0 1 B
Detailed
- - EQU Toggle : :
Short information information of
PMAC structured
of PMAC Structure Element: Gate3(].Chan{].PlusLimit D | tf
structured | Descrition: IC channel PLIM flag input value element for a
Range: 0.1 selected item
element for a Default value: Not Defined
selected item

The CK3W-AX1515 page displays the card information, the Channel Status and the Digital
Inputs / Outputs. The above picture represents the hardware information and channel status.
Channel status will toggle between red and green and 1 /0. The EQU state can be toggled by
the EQU toggle switch. Each row of this page can be selected and the information about the
selected row will appear at the bottom of the page. This information is a short description of the
selected item structure element. To get more detailed information about the selected item, the
user can click on the @icon, which will open up a help manual.

The Digital Input / Output section of this page allows the user to toggle the outputs and see the
status of the input. It also allows the user to change the predefined Input and output variable
names. The default variable names are also added to the AX1515_[Index]_Mapping.pmh file
located in the Global Includes folder. The [Index] will be replaced by the actual index of the
Hardware card. The user can change the default variables, and after the variables are changed
the user should click on the Update Variable Mapping button to update the
AX1515_[Index]_Mapping.pmh with modified definitions.
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(~) Digital Inputs / Outputs

Variable Names have been changed.
To use these names in your program press 'Update Variable Mapping' button and 'Build and Download All Programs'.

Inputs Variable Name Value Qutputs Variable Name Value Modify
Input0 AX1515_1_Input0 False OQutputd AX1515_1_Output0 False True False
Input1 AX1515_1_Input1 False Outputl AX1515_1_Output1 False True False
Input2 AX1515_1_Input2 False Output2 AX1515_1_Output2 False True False
Input3 AX1515_1_Input3 False Output3 AX1515_1_Output3 False True False
Inputd AX1515_1_Inputd False OQutputd AX1515_1_Outputd False True False
Input5 AX1515_1_Input5 False Output5 AX1515_1_Output5 False True False
Inputb AX1515_1_Inputb False Outputb AX1515_1_Outputb False True False
Input? AX1515_1_Input7 False Output? AX151 5_1_.0utput7 False True False
Input8 AX1515_1_Input8 False Output8 AX1515_1_Output8 False True False
Input9 AX1515_1_Input9 False Output9 AX1515_1_Outputd False True False
Input10 AX1515_1_Input10 False Output10  [AX1515_1_Output10 False True False
Input11 AX1515_1_Input11 False Output11 AX1515_1_Output11 False True False
Input12 AX1515_1_Input12 False Output12  |AX1515_1_Outputi2 False True False
Input13 AX1515_1_Input13 False Output13 AX1515_1_Output13 False True False
Input14 AX1515_1_Input14 False Output14 AX1515_1_Output14 False True False
inputts  [SHEERMITSE Outputls  |AX1515_1_Outputl5 False True False
Update Variable Mapping

CK3C:

The CK3C page displays the card information, the Channel Status, Hardware switch sections
and the Digital Inputs / Outputs. The picture below represents the hardware information and

the selected item, the user can click on the @icon, which will open a help manual.

Name and model
information for
the board is
shown here

Channel status
display

Short information
of PMAC
structured
element for a
selected item

>

Chani0)

Chan(1]

s L1 1 1 | ] ]

Amp Fault Flag Level

£QU Toggle

(© Hardware switches ©

(%) Digital Inputs / Outputs ()

Structure Element: Gate3{] Chan(]Plustimit

Descrption:
Range: o

Default value: Not Defined
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1C channet P

M flag input value

CRCORCROR

The type of chip and number of
channels are described here

Chan(2] Chan

o
)
[Eowtevien] [tomtovaion]

e o e lo &
e oo o o

Detailed
information of
PMAC structured
element for a
selected item

channel status. Channel status will toggle between red and green and 1 /0. The EQU state can
be toggled by the EQU toggle switch. Each row of this page can be selected and the
information about the selected row will appear at the bottom of the page. This information is a

short description of the selected item structure element. To get more detailed information about
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The Hardware Switched section allows the user to match the CK3I/O dip switch pins to properly

display the number of configured Inputs and Outputs based on the selection. The dip switch
pins are located at the side of the device.

(~) Hardware Switches ©
3 4
J8 (Thumbwheel) ()
5 6
J9 (GPIO) [ @)
Required Setting  CK3C[0].GpioDir[0]=$00ffff00 E O

To see the switch information the user can their mouse on the Info icon®.

The CK3C I/O pins can be configured as either input or output, and are controlled by DIP switches located on the side of the device.

The following table shows the configured pins and the available Inputs and Outputs:

A IDE V4.2 onwards the Hardware Card’s will be displayed as detected and not
B in Alpha/numeric order.

Note

Configuring CK3C Hardware Stack:
To configure the CK3C hardware stack, the user should right click on the detected CK3C

hardware in the Hardware folder of the project and select Configure Hardware Stack menu
option.
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] PowerPMAC232
4 System

3 CPU

4 Hardware

Scope to This
New Solution Explorer View
C Lang 5l Copy Ctrl+C
Configure Hardware Stack

Upload

v T W W v W
]
o
A
c
E

PMAC| # Properties Alt+Enter

The Hardware stack configuration page will allow the user to select one of the available
hardware accessories supported by the CK3C.

Configure Hardware Stack >

Feedback Cards Acc-845 - X¥2

Acc-845 - | S8l v
Acc-315 - Sinuseidal

Output Cards MAcc-8FS - Direct PWM
Acc-8A5 - True DAC

PMAL Device e CK3IC

On pressing 'Apply’, configuration will issue a device save
and reset (save, $55).

Any previcus save will be overwritten and any in-progress
operations may be disrupted.

| Apply | | Cancel |

Once the user selected any accessory card, the user should apply for configuration for the
changes to apply. The selected accessory cards will be added to the hardware folder.
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(] PowerPMAC232
4 System
P CPU
Hardware
CK3C[0]
ACC-B845[0]
ACC-8FS[0]
Motors
Coordinate Systems
P Encoder
Tools
C Language
Configuration
Documentation
Log
PMAC Script Language

A A~

Digital 1/0 Cards

The Hardware Diagnosis page for digital I/O cards is much simpler than for axis interface cards.
This screen shows the data registers in the card displaying each bit in each bank with a green
light if the bit is high or with a red light if the bit is low:

Card Info IC Info Manual
This box BaseBoard ACC-BEE Type Gated Click here to view manual.
displays what PatWumber 603595 I Index 1]
kind of Revision 3 Channels NAA
input/output Options 504 This area displays information \\ - : : -
configuration about the name and model of This area d.lsplays information
this card has. this accessory. about the kind of IC.
Some cards’ 24input/output PccEBE[D] ctlReg 7
°°”f'§’”rat'°”s s Control Word Conial Elegeier Vidise
can be
changes while Data Bank2 (23..16) Data Bank1 (15..8) Data Bank0 (7..0)
others are ENEREEER RRREREER RERREEER
flxed.at a AccBBE[D] DataReq[?]  AccBBE[D] DataReg[1]  AccBBE[D] DataReq(l] You can double-click one of these
certain rectangles to toggle its state.

umber of Data Bank5 (23.16) | [~ Data Bankd (15.8) | [~ Data Bank3 (7..0)
osans | || HHHENEEE BEREEEEN ENENEE

outputs. AccBBE[D] DataRegl5]  AccB8E[D] DataReql4]  Acc6B8E[D] DataRegl3]

Top and Baottom 10 % Teminal Block
Bank Connector  DB-15
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MD71xx

CK3M IO accessories the screens are more aligned with SYSMAC Studio.

There are two digital output accessories MD7110 and MD7120. User can Modify Output and
read Input. Click the accessory under Project-Hardware node to open the Hardware diagnostic

screen.

CK3W-MD7120[3] + X Solution Explorer

Card Information IC Information C oM J - i o

Base Board: CK3W-MD7120 Type: Gate3 I Search Solution Explorer (Ctrl+ P~

Part Number: 601003 ICIndex 3 3] Solution ‘PowerPMACE7" (1 project) -

Revision: 1 Channels N/A 4 [0 PowerPMAC67

ions: 0000000000000 47 A Systam
Options: 01 > cPU
- Hardware

[t N TOSEORECTTR, | T N PR Tasa: j s 1 g CK3W-MD7110[2]
Inputs Variable Name Value Outputs Variable Name Value Modify = CK3W-MD7120(3]
Input0 MD7120_3_Input0 False AirPresureOn a True False Em CK3W-AD3100{4]

Input1 MD7120_3_Input1 False Output1 MD7120_3_Outputl |False True False . "Eﬁ:hf;i";’""z‘w‘”
Input2 MD7120_3_Input2 True Output2 MD7120_3 Output2 |True True False & Master0 (Deactivated)
Input3 MD7120_3_Input3 | True Output3 MD7120_3 Output3 | True True False Motors

Coordinate Systems

Inputd MD7120_3_Inputd True Outputd MD7120_3_Outputd |True True False b Ciicode

Input5 MD7120_3 _Input5 | True Output5 MD7120_3_Output5 | True True False b C Language

Input6 MD7120_3_Inputé | True Outputs  |MD7120_3_Output6 | True True False S oy

ocumentation
Input? MD7120_3_Input? | True Output?  |MD7120_3 Output? |True True False b Log
Input8 MD7120_3_Inputs8 | True Outpute  |MD7120_3_Outputs | True True False - "M‘éf :‘;‘IP‘ :‘;9“‘9‘
lobal Includes
Inputd MD7120_3_Inputd | True Outputd  |MD7120_3 Outputd | True True False O global definitions;prvib
Input10 MD7120_3_Input10 | True Output10  |MD7120_3_Output10 | True True False O MD7110_2 Mapping.pmh
) MD7120_3_Mapping.pmh

Input1l MD7120_3_Input11 True Outputll MD7120_3_Outputll |True True False D) AD3100_4_Mapping.pmh
Input12 MD7120_3_Input12 | True Output12 MD7120_3_Output12 | True True False ) AD2100_5_Mapping.pmh
Inputi3 MD7120_3_lnputi3 | True Output13  |MD7120_3_Output13 | True True False 5 EnempvcRoutines
Input14 MD7120_3_Input14 True Outputl4 MD7120_3_Outputld |True True False > Motion Programs

Input1s MD7120_3_Input15 | True Outputl5 |MD7120_3_Outputl5 | True True False “ FECProgums -

Update Variable Mapping

When the accessory is detected header file will be automatically added to the project under
Global Includes.

4 Global Includes
(1 global definitions.pmh
[ MD7110_2_Mapping.pmh
4 MD7120_3_Mapping.pmh
[ AD3100_4_Mapping.pmh
M AD2100_5_Mapping.pmh
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CPU
Hardware
= CK3W-MD7110[2]
= CK3W-MD7120(3]
mm CK3W-AD3100[4] f’
Em CK3W-AD2100[5] —
EtherCAT
Motors
Coordinate Systems
Encoder

C Language

Configuration

Documentation

Log

PMAC Script Language
Global Includes
[ global definitions.pmh
[ MD7110_2_Mapping.pm
[ MD7120_3_Mapping.pmh
[ AD3100_4_Mapping.pmh
[ AD2100_5_Mapping.pmh
Kinematic Routines

Libraries
Mabina Nemnmenmnn

TR

For Every CK3M 10
accessory header file is
generated under PMAC
Script Language-Global
Includes folder and
managed automatically

Project System

User can change the Name of the Input or Output. For example, user can change the name
from Input0 to SwitchO and from OutputO to AirPressureOn. The change in these names are
associated with the file under Global Includes. After the name is change select “Update variable
mapping” to regenerate respective file.

Project IntelliSense will show the names of these variables that can be used in PLC or Motion or

C code.

Outputs

MOTI20_3 Mappingpmh & X
sdefine M07120_3_Inputi®
8define MO7120_3_Inputil
#define M07120_3_Inputi
8define M07120_3_Inputl}
#define M07120_3_Inputld
#define M07120_3_Inputis

Variable Name

T3eTne 3. Cutput] CRSWD[ 3]

#define M07120_3 Output2 CK3WO[3].Gpiolx
#define MD7120_3_Outputd CKIND[3].Gpioly
#define M07120_3 Outputd CKIWO[3).Gpiol:
#define M07120_3 Outputs CKID[3].Gpiod:
Sdefine M07120_3_Outputé CKNOD[3].GpicData)
8define M07120_3_Output? CK3D[3).GpioDatal
#define M07120_3 Outputs CK3D(3].GpicOatal
#define M07120_3_Outputd CKNSD[3).GploData(0).25
Sdefine M07120 3 Outputl® CKIWD[3).GpicOata[0).26

False
—_—

Please do not modify the MD7xxx or AD2xxx file. These files are maintained

by IDE.

Note
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AD31xx

The Hardware Diagnosis Screens for CK3M Analog accessory AD3100 and AD2100 are
accessed by clicking the accessory under Project-Hardware node to open the Hardware
diagnostic screen.

CK3W-AD3100[4]) + X Solution Explorer
Card Information IC Information @R o-&|F -
Base Board:  CK3W-AD3100 Type  Gated SEh Soktion B 2
Part Number: 601004 IClndex 4 1] Solution ‘PowerPMACES' (1 project)
S 4[] PowerPMAC65
Revision: 1 Channels N/A 4 System
Options: 3100000000000000 4 CPU
&3 System
“ Hardware
= CK3W-MDT110(2)
Inputs  Value & CK3W-MD7120(3)
Inputd 74 19 CK3W-AD3100(4]
ez CK3W-AD2100{7)
Input1 0 EtherCAT
Motors
[anRZ B Coordinate Systems
Input3 256 b i Encoder
b C Language
Inputd -6 b Configuration
b Documentation
Input5 25 4 ag
Inputb -12 4 PMAC Script Language
- 4 Global Includes
Input? 256 ] [ global definitions.pmh

Solution Explorer JaFTTRNEN

When the accessory is detected a header file will be automatically added to the project under
Global Includes. The User can change the Name of the Input or Output. For example, the User
can change the name from InputO to VoltageO and so on. The change in these names are
associated with the file under Global Includes. After the name is changed, select “Update
variable mapping” to regenerate respective file.

Project IntelliSense will show the names of the variables that can be used in PLC or Motion or C
code.

Please do not modify the MD7xxx or AD2xxx file. These files are maintained by
IDE.

Note

CK3WECSxxxx

This hardware does not have the diagnostics screen but used in the Motor topology. On double
clicking it will give following message.
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Power PMAC IDE *

o Detected hardware 'CK3W-ECS300°

CK3WGCxxxx

The Hardware Diagnosis/configuration Screens for CK3WGC accessory is accessed by clicking
the accessory under Project-Hardware node.

It shows like this.

CKIW-GC1200(1) & X ~ | Solution Explores

@ - p=

= CKaW-GC120001]

CS30005]

o
&
eeoee

The top section shows the detected hardware card and option.

Using this user can setup and diagnose PWM output. It is done in two steps Configuration and
Test Run.

Once testing complete, user can press Accept and it generates Ck3WGC Definitions.pmh file
under Global Includes that can be used in Motion program and plc script.

Configuration
Configuration section looks like this. This is for configuring PWM output. PWM output is

intended to control a Laser source’s power.
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@ Configuration

Clock Select: Servo Phase
Duty Cycle: 10 %
Frequency: 2453 v | Khz
Delay Calculation: Target Delay Time: 13.24
Delay: 1
Delay Unit: 329
Delay Time: 13.240

0
i

Calculate| usec @D

i ]
i ]
usec )

Project System

The parameter choices are self-explanatory. The info icon shows additional information about

parameter.

Delay Time: 10.000 usec @

The delay time of

Minimum possibl

Delay Time (ns) =

e

setting time of the PulseCount register

[‘(Delay + 3)] X [(DelayUnits + 2) X 10]

Users have choice of entering Target Delay Time in usec and then press calculate to fill Delay

and Delay unit box or enter the Delay and Delay unit to get Delay Time in ns.

PWM frequency (Frequency) | drop down list calculated using following formula...

fPWM (kHZ) =

105

1

6 x PWMPeriod

User can start typing and the list will filter based on the input.

Test Run
Test Run section looks like.

@ Test Run

PulseType: Burst
Pulses: 0
PulsesRemaining: 0

Continuous

@ e e e
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As the section name this will allow user to test the configuration setting. On pressing Test, it will
configure the card settings and depending on type of the Pulse the user can verify output. If the
burst mode selected, then on Test it will show you Pulses remaining as shown below...Asked
for 4000 and remaining 1706.

@ Test Run
PulseType: Burst Continuous [ ]
Pulses: 4000 ﬂ
PulsesRemaining: 1706 0
Test [ ]

The second option is [Continuous], which does not allow the user to enter a number. When
Continuous is selected and when Test is pressed, the number inside Pulses Remaining is
expected to become 4095 and not decrease until the user selects the Abort button.

Accept
On accept generates Ck3WGC Definitions.pmh file under Global Includes that can be used in

Motion program and plc script. The file contains PTR variable for read and write the hardware
register of the CK3WGC card.

Ck3WGC Definitions.pmh # X JaejiRcarg)ig

1 |f/ variable definitions for CK3WGC[x].Chan[@].CompA
PTR DutyCycleVar-»u.io:$904050.20.12
PTR PwMPeriodvar->u.io:$984858.8.12

// Variable definitions for CK3WGC[x].Chan[1].CompA
PTR DelayUnitVar->u.io:$984002.20.12
PTR DelayVar->u.io:$964600.8.13

/f variable definitions for CK3WGC[x].Chan[2].CompA
PTR PulseCountVar->u.io:$984150.8.12

C B W N BN B W
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On clicking the Master node0 it will open the MasterQ device editor. This section includes
network related or master related settings. Some of those settings will also affect the “Master”

section of the ENI.

Device Editor

Master | Topology View

General
Unit Name EtherCATSuite Master
Cycle Time [us) ® 1000
Frequency [Hz]

Source MAC address.

Slaves col

Network Adapter Ethernet 2 ( Cisco AnyConnect Secure Mobility Client Virtual Miniport Adapter for Windows x64 )

nnected to local system

Slaves connected to remote system
Protocol
1P Address 192.168. 1 . 200
Port

Master-Instance

Networks: 1 | Slaves: 0 |

Master) (Deactivated) & X

State: Mode: CONFIG

Under General, user can choose to setup the ECAT clock either using time or freq mode. For 16

kHz clock user must select frequency mode.

Tasks + Sync Units

In this tab, the user can define additional cyclic tasks and master sync units. After adding a new
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Master sync unit, the user can assign one or more slave sync units on tab "Slave -2 Sync Units

" to this master s

Device Editor
Master  Topology View = Process Dats Image = Variables | Advanced Options | Slave to Slave | Distributed Clocks Tesks « Sync Units

Tasks

10 Task Rate 500 o o o

Edit Task

Edit Master Sync Unit (MSU)

Networks: 1| Slaves: 2 State MoUS CONDS ynC Unlt

As shown above a new Task 10 Task Rate is added. From FW 2.6 a new EtherCAT structure
element is added to handle the additional task. At this point only one additional task can be
added per master.

On adding the task, it will set ECATI[i].TaskID1Ext. User can verify the value in the Power PMAC
Message — Output Tab.

Example: Typical use of the additional cyclic task....

In a high-performance application, the EtherCAT servo drives must be updated at 8 kHz (125
psec) to get enough response. There is an 1/0O device on the network that cannot reliably be
updated faster than 2 kHz (500 usec). This I/O device is assigned to Task ID 1 and
ECAT[i].TaskID1Ext is set to 3 so it is only updated every 4th cycle.

To use the new Cyclic task user can click on the slave that needs to assign the task and then
select Sync Units Tab. ( Slave =Sync Units Tab ) Under Master Sync Unit select the 1d1 from
drop down as shown below... Red square indicate the slave and the Master Sync ID.
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General | PDO Mapping | Variables = Advanced Options | Sync Units

Slave Sync Units
Name
» | syncunito 00 04

Networks: 1 | Staves:2 |

Input Size [bytes]  Output Size [bytes] | Master Sync Unit

State: @ @ | Mode: CONFIG

EtherCAT Master-Node Properties

Master-Node Properties

On selecting the Master Node view the EtherCAT properties as shown below.

Propesties ~ax
& Master0 (Deactivated) File Properties -
LR AR

Cod|o-@|p-

Solution TestECATMApping (1 project)

¢ Sytem
> v
» Hardware o
- EtherCAT
.
- e B EtherCAT ‘Load Mapping to Power PMAC settings.
Coordinate Systems Aliow Duplicate PDO mapping False
5 W Encoder Remove Station Address from PDO Varisble False
> Took 5 EtherCAT Motor Configuration.
» C Language Auto Configure on slave drag drop. True
b 6N Canfigpmlion Show EtherCAT Motor Configuration View True
» Documentation:
B Misc
» Log
» PMAC Script Language
File Name

Full Path Pro

SDK Version
The current SDK Version of Ec-Engineer.

Project System

EtherCAT Configuration template
Template File To Apply

Template ignore version

Use EtherCAT configuration template

EtherCAT General
EtherCAT License

SDK Version

Stack Type

EtherCAT Motor Configuration
Auto Configure

Show EtherCAT Motor Configure
View

EtherCAT Load Mapping to Power
PMAC Setting

Allow Duplicate PDO Mapping
Remove Station Address from PDO
variables

On Import template these property will
be set automatically.

Shows the license information. Must be
greater than 0.

Shows Acontis SDK integration version to
1DE

Type of EtherCAT stack

Auto Configure: True/False Default True.
On true OMRON drives 15, G5 are
configured automatically on Drag and
Drop to Motor Folder..

Show EtherCAT Motor Configure View:
True/False Default True.

On Dragand Drop opens the motor
Allow Duplicate PDO Mapping

If set to True ignore the duplicate PDO
mappings at the Load PDO mappings to
Power PMAC. Default is False.
Remove Station Address from PDO
variables : True/False. Default False.

On Load PDO Mapping, names are unique
by adding station address . On setting this
True the names will not be unique and it's
users responsibility to make it unique.
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Allow Duplicate PDO Mapping
Default: False

If set to true, then Load PDO mapping will ignore the duplicate mapping found. It will print found
duplicate mappings with addresses in the Power PMAC Message window as Warning. If
EtherCAT network is unable to activate this could be one of the reasons.

In the default state Load PDO mapping will fail if it finds duplicate PDO mappings.

Remove Station Address from PDO Variable

Default: False

Note: need to have the Solution Property "Use new PDO mapping name format" set to Yes
- this is selected in the Solution - Property page of Explorer Tree (Rt-Clk on Solution name)
If set to True when PDO variable names are generated by IDE the slave station address will
NOT be

appended as part of the variable name. The slave name (assigned or custom edited) in the
Device General Tab Name field will be used as the PDO variable name created in the
ECATMap.pmbh file.

EXAMPLE: below a drive was given the custom name of "Drive3"

Before: #define Slave 1002 R88D_1SN@1L_ECT_6040 0 Controlword
ECAT[0].IO0[16].Data

After: #define Dr'ive4040_@_Contr‘olwor‘d ECAT[©].I0[12].Data

4 e Master0 (Degactivated)
4 B slave 3001 [NX-ECC203) (1001)
B ot Module 1 (NX-1D4442)

Properties v B X

Master0 (Deactivated) File Properties
an

' EtherCAT configuration template

' EtherCAT Motor Configuration.

Auto Configure Tru,
Show EtherCAT Motor Configuration View de
' Misc
File Name Master0 (Deactivated)

Remove Station Address from PDO Vanable RT3

Remove Station Address from PDO Variable
Indicates whether to remove station address from PDO variable names.

EtherCAT Master-Node Context Menu

The EtherCAT folder stores the EtherCAT master and Slave information. Use the context menu
to configure and setup an EtherCAT network. The context menu is self-explanatory.
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Show Master Status

Configuration Mode

Diagnosis Mode

Network Mismatch Analyzer

Scan EtherCAT Network

Line Crossed Analyzer

Enable Cable Redundancy

Append Slave

Paste Slave

Import Slaves from ENI

Export ENI File

Load Mapping to Power PMAC

Load Mapping to Power PMAC from ENI

Watch EtherCAT Mapped Variables

Activate EtherCAT

Reset EtherCAT

Import PDO from Sysmac file

Edit Topology

EoE Endpoint Configuration

Export EtherCAT Configuration Template...

Import EtherCAT Configuration Template...

Remove EtherCAT Configuration Template
& Open

Scope to This
Mew Solution Explorer View

A Properties

Project System

Ctrl+V

<4——— Mostimportant step in setting up EtherCAT drive

<4——————— Opens EtherCAT mapped variable viewer. Requires mapping and project build and

Alt+Enter |

Show Master Status

This menu will open Master status view, displaying important network registers. The bottom info
ribbon will display respective structure element, description, range and default value. The
default update period is 100 msec. that can be change. For measurement purpose user can
reset all the Max. Time settings. The details of these structure elements are available in Power
PMAC Software reference manual.

Power PMAC IDE User Manual

264



Master Status View & X -

EtherCAT Master Status View
Sem Time:
Receive Time:
Transmit Time:
Time:
Master State:
Master Ready:

Slave Count:

Distributed Clock Difference:

0

Structure Element: ECAT[0).SemTime

Microseconds

Microseconds

Microseconds

Microseconds

Nanoseconds

Description: EtherCAT network time between PMAC and ACONTIS application
Range: Non-negative floating-point

Default value: Not Defined

Update Period: < 100 > ms

Max Sem Time:

Max Receive Time:

Max Transmit Time:

Max Time:

EtherCAT Skip Count:

1246133

3.08

37.68

1246154

77955345

Microseconds

Microseconds

Microseconds

Microseconds

Project System

Diagnosis Mode
(Ref: EC-Engineer manual)

This mode is available to analyse EtherCAT networks that are controlled by the Acontis Master
Stack. Automated control systems usually require high availability of the whole system and, due

to the rough industrial environment, this is often hard to achieve.

High availability should be guaranteed for an automated control system, so it is important to
verify and maintain the field bus. In this mode it is possible to investigate the "health" of the
EtherCAT system. Detection of signs of system degradation prior to running into a system
failure will be of great benefit. In that case it is possible to exchange the problematic

components (cables, slave devices).

When the Diagnosis mode is selected it will detect the devices on network. The screen will look

like this:
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Device Editor
| General |Pror_ess Data Image " Watch list " Performance " Variables " CoE Object-Dictionary " History|

State Machine
Current State Unknown

Requested State Unknown

Init trap

Pre-Op Safe-Op

Op

Change State

Information Frame Counter

MNumber of found slaves 1 Sent frames
MNumber of slaves in configuration 5 Lost frames

Mumber of DC slaves 1 Cyclic frames

B ==&

DC in-sync Ne Acyclic frames

Topology Ok Mo Clear counters
Link Connected Yes

Slaves in Master 5tate Ne

Project System

MasterD (Diagnosis) = X [lidGTg) Motor2 plcl.plc

The General Tab displays information on the current state of the state machine of the master

which can be modified.

The Process Data Image Tab displays information on the process variables which can be
modified. The variables will be forced to the value the entered. The user can press the release
button to stop forcing the user-entered value to the variable. Selecting a process variable will
show a chart of the values. This chart will be updated every 250 milliseconds.

The Watch list enables the monitoring of selected variables.

The Performance Tab displays information like the busload per cycle and per second.

The Variable Tab displays information on the trace variable which can be modified. The chart

will update every 250msec.

The CoE Object-Dictionary Tab displays information on the values of the object dictionary of the

master which can be modified.

The History Tab contains the diagnosis history.
Network Mismatch Analyzer

This option is useful when there is a mismatch between the eni file from the project and actual
devices on the network. It is difficult to figure out where the mismatch is and for this this tool is

useful that identifies mismatch.

This option only active if the diagnosis mode is active. If user switches to Diagnosis mode and

gets the following error ...

0x9811001E
USCONFIG_MISMATCH

Bus Config ENI
Mismatch

Network information file and
cumrently connected bus
topology does not match.
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The diagnosis option will ask to open Network Mismatch analyzer. On selecting OK it will open
the analyzer as shown below...

Show Master Status EtherCAT
s Mode file and ly bus
S topology does not match.
2
Scan EtherCAT Network Do you want to open Network Mismatch Analyzer?
Append Slave Yes No
Import Slaves from ENI ‘
Export ENI File # Network Mismatch Analyzer - o ¢ 4
Load Mapping to Power PMAC List of slaves
Load Mapping to Power PMAC from ENI Please, compare the configured slaves with the slaves. If thing is red, you have a network
Watch EtherCAT M 4 Variables configuration mismatch!
Siave Config Config Config | Network Network  Network
Actrvate EtherCAT Name Type Revision ident. Type Revision ident.
Edit Topology Slave_1001 [EK1100) EX1100 [1001) 0x00110000 0 EK1100 {1001] Ox00110000 1
Eof Endpoint Configuration Slave_1002 [EL2004) EL2004 [1002] 0x00110000 O EL2004 [1002] Ox00110000 O
Export EtherCAT Configuration Template. Slave_1003 [EX1100) EX1100 [1003) 0x00120000 0 EK1100 [1003] Ox00120000 15
Import EtherCAT Configuration Template... Slave_1004 [Acceinet - AE2] | Acceinet - AE2 [1004] | Ox00010003 | 0
¢ Open
Scope to This
@ New Solution Explorer View
F  Properties AlteEnter

Close

If ‘No’ option selected, then user will need to open the analyser manually using the Network
Mismatch Analyzer option from Master Node Context menu as shown below...Please see it is
enabled only in Diagnosis mode.

Show Master Status
Configuration Mode

v Diagnosis Mode

I Metwork Mismatch Analyzer I

Scan EtherCAT Metwork

Line Crossed Analyzer

Append Slave

Paste Slave Ctrl+V
Import Slaves from ENI

Export EMI File

Load Mapping to Power PMAC

Load Mapping to Power PMAC from ENI
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The second way of opening the Mismatch Analyzer is when user uses Activate EtherCAT option
to enable EtherCAT network and if there is a mismatch between eni and actual devices then
software will capture the bus mismatch error and will ask user to open the mismatch analyzer
automatically as shown below workflow....

Master0
pem—
Show Master Status
@ Network information file and currently connected bus
topology does not match.
Diagnosis Mode Please follow the steps to open Network Mismatch Analyzer
Network Mesmatch Analyzer manually:
- Make sure Master0 node in Diagnosis mode,
Scan EtherCAT Network - Right click on Master0 node.
v Ar - Select the Network Mismatch Analyzer.
Append Slave Do you want to open Network Mismatch Analyzer?
Import Slaves from ENI | Yes I No
Export ENI File
Load Mapping to Power PMAC
Load Mapping to Power PMAC from ENI
Watch EtherCAT Mapped Variables ** Network Mismatch Analyzer # - u} X
J Activate EthercaT
List of slaves
Edit Topology Please, compare the configured slaves with the connected slaves. If something is red, you have a network
Eof Endpoint Configuration configuration mismatch!
Siave Config Config Config | Network Network  Network
Export EtherCAT Configuration Template... Name Type Revision Ident.  Type Revision Ident.
l Import EtherCAT Configuration Template... Slave_1001 [EK1100) EX1100 [1001) 0x00110000 0 EX1100 [1001] 0x00110000 1
Remove EtherCAT Configuration Template Siave_1002 [EL2004) EL2004 [1002) 0x00110000 0 EL2004 [1002) | 0x00110000 | 0
¢ Open Siave_1003 (EK1100) EK1100 [1003) 0x00120000 0 EX1100[1003] 0x00120000 15
Scope to This Stave_1004 [Acceinet - AE2] | Acceinet - AE2 [1004] | Ox00010003 0
@ New Solution Explorer View
& Properties AlteEnter
Close

The error is also displayed in the Power PMAC message window like this...

Power PMAC Messages

€ T7Errors | §. 2Warnings } © 2Messages | ] 00utputs
Date Location Module Description
© 9/1/2021 1:52:13PM  Master0 EtherCAT Checking network status....
5 97172021 1:52:13PM  Master0 EtherCAT No mailbox support. EtherCAT reset may resolve the issue. Execute reset using 'ecat reset’ con|
© 9/1/2021 1:52:13PM  Masterd EtherCAT Pre-check for EtherCAT activation is successful. Activating EtherCAT....
© 9/1/20211:52:13PM  Masterd EtherCAT Activating EtherCAT....
© 9/1/2021 1:52:13PM  Masterd EtherCAT Checking if activated....
€ 9/1/2021 1:52:14PM  Masterd EtherCAT I Network information file and currently connected bus topology does not match. I
E.etwor’k ilnforr.nation file and cuAr.vently .ct:r:nected. b::s t?pology doe.s not match.

Line Crossed Analyzer

If user have connected a line to a wrong port, you can see in the Line Crossed Analyzer which
slave is
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Incorrectly connected. The wrong entries will be red. It is very difficult to identify wrong
connection on a bigger network. This tool is useful for identifying. If there is a line error pop up
message will be displayed like this and then user can open the Line cross analyser.

This error is detected when user is scanning the network using Scan EtherCAT Network context
menu.

- CC-CNgIee

File  View Network Settings Help

> Configuration Mode [l R2%elid N[ [ Diagnosis Mode

Project Explorer
~ . Class-A Master <connected> {

B Slave_001 [R88D-KNO1L-ECT] (0001)
» % [ Slave_002 [R88D-1SNO1L-ECT] (0002)

EC-Engineer X

\,\ Line Crossed! At least one cable incorrectly connected (IN port and
& l:‘\\ OUT port crossed)! Please open the ‘Line Crossed Analyzer' to find the
problem:

Here is the typical workflow ...

EC-Engineer X

Click OK and then from context
menu select Line Crossed
Analyzer

Show Master Status

| Line Crossed! At least one cable incorrectly connected (N port
> ! and OUT port crossed)! Please open the ‘Line Crossed
Analyzer to find the problem.

Dugnous Mede

ktu\ EtherCAT Network
Line Crossed Anaiszer
Append Slave

Import Slaves from €N

Load Mapping to Power PMAC
Load Mappms to Power PMAC from 028 oo Tt s
Watch EtherCAT Mapped Vanables
Actvate EtherCAT

Diagnosis Mode
twork Msme At A
a0 EtherCAT Netwark p s
Export ExherCAT Configuration Template Scan EtherCAT Netwer .
Impont EtherCAT Configuration Template Une Crossed Anahier N
« . Append Slave
€ Open axte Slave e
Soapetn e Impert Slaves from ENI N
B New Sokution Explores View e
Ll N it Load Mapping to Power PMAC

Load Mappeng to Power PMAC from ENI
Watch EtherCAT Mapped Variables
Activate EtherCAT

Export EtherCAT Configuration Template -
Impoet EtherCAT Configuration Template.

@ Open
Scope to This
B New Solution Explorer View
F Propeties AreEnter
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Scan EtherCAT Network / Append Slave

Select Scan EtherCAT network it will issue scan command and detect the connected EtherCAT
devices on the netwrok. If the EtherCAT devices are not connected user can still configure
EtherCAT network using Append Slave menu. When the slave devices are added to the Master,
either using Scan or Append, then the Master node looks like this:

b [ Hardware
4 | EtherCAT
4 @ Master) (Deactivated)

!§ Slave_1001 [R88D-KNO1L-ECT-L]
ﬂ Slave_1002 [R88D-KNO1L-ECT-L]
' Slave_1003 [R88D-KNO1L-ECT-L]
ﬂ 3 Slave_1004 [R88D-KNO1L-ECT-L]
' Slave_1005 [R88D-KNO1L-ECT-L]

SS:RTSERTRR T

-

A From IDE V4.2 onwards ECAT devices will be displayed as the information is
o received from the scan/Append slave and not in Alpha/numeric order

Note

Enable/Disable cable redundancy

This feature will allow you to enable or disable the ethrecat cable redundancy feature. This

command will set the Ecat[0].Redundancy structure element to 1 or 0 to enable or disable the
cable redundancy.

EtherCAT
A g

gai Deactivated)
Show Master Status 1001 [R88D-1SNO1L-ECT] (1001
Configuration Mode 1 Module 1 (Safety Process Dat:
1002 [R88D-1SNO1L-ECT] (1002
1 Module 1 (Safety Process Dat:
1003 [R88D-1SNO1L-ECT] (100:
Scan EtherCAT Network 1 Module 1 (Safety Process Dat:
vze 1004 [R88D-1SNO1L-ECT] (1004
' 1 Module 1 (Safety Process Dat:
1005 [R88D-1SNO1TL-ECT] (100

Diagnosis Mode

Aot , Micmatrh An= — .-
NETWOrK ViISmalch Analyze

ne Crossed Ana

Enable Cable Redundancy

This feature is available starting in IDE 4.6.0.x and firmware version 2.7.0.0

Note
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Import Slaves from ENI
This feature allows you to import slaves from the eni file, that was either created with different
eni tool generator or eni file was generated previously from the Power PMAC IDE software.

On selecting the menu, it will open file selection dialog.

Case 1: Here is the example of import slave from eni file where the esi file is not present in the
Power PMAC IDE. Under this case the error will be displayed requesting importing esi file using
ESI manager from EtherCAT menu.

- it )
— s S Import Failed. X
o ettt e 0T g 18 M ESI files for the configured slaves are missing. Please import
the ESI through ESI Manager for Slave_001 [EX1100], Slave_002
[EL2004)
s

Delta Tau | EtherCAT | Window  Help
||._|=:'|'I ESI Manager | l

To access esi manger choose

Case 2: Here is the example of import slave from eni file where the esi file is present in the
Power PMAC IDE system. Under this case the import slave will be successful, and slave will be
listed under master node.

— . 1) Solution ‘TestECATMApping' (1 project)
4 [T TestECATMApping
- e “ System
PO > W CPU
vl — b Hardware
e O=. .- 4 EtherCAT
e 4 @ Masterd (Deactivated)
|8 Slave_001 [EKM1101] (0001)
ool 4 Motors
v &) Motor!
Coordinate Systems
- 13 Encoder
g o b Tools
& Pcsi bt — e 4 C Language
e el L 3 Background Programs
€) OErors | 4 2Wamings | @) OMessages | ™ 00utputs
Date Location Module Description
A 412021 11:53:19 AM Master0 ENI Distributed Clocks(DC) settings for slave ‘Slave_001 [EKM1101)' could not be imported, please manually configure DC settings from Distributed Clock tab.
8 4172021 11:53:19 AM Masterd ENI Advanced options for slaves could not be imported, please manually configure Advanced options from Advanced options tab.

Please check the warning message under Power PMAC Messages. There is one know
limitation with import eni feature, it will not import distributed clock settings and advanced option
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settings from Slave Advanced tab if the slave was configured with these settings. The reason for
limitation is specification of eni file do not store this information so it is not available.

This feature is best if number of slaves importing from the file are less than 5!

Export ENI file

This option allows user to generate the eni file for available connected to the Master node and
export it to folder. This menu option is helpful when you have generate the eni file and share
with other users. After exporting the eni file you can again import it to the Power PMAC project
as explained above.

The practical use of this feature is configuring the EtherCAT network without physical devices
and share with other users.

Here is typical export process.

>

Load Mapping to Power PMAC

As the name says, this command read the mapped variables from currently connected
EtherCAT device and generate following files and add it to the project.

1. The eni.xml (EtherCAT network information) is generated and copied to the Project-
Configuration folder. This file is copied to Power PMAC from Build and Download project
process. On the Power PMAC after Build and Download, the files is placed under
Ivar/ftp/usrflash/Project/Configuration folder.

2. The mapping file ECATConfig.cfg is created and copied to the Project-Configuration folder.
This file is copied to Power PMAC from Build and Download project process. On the Power
PMAC after Build and Download, the files is placed under
Ivar/ftp/usrflash/Project/Configuration folder.
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fa] Solution 'PowerPMAC21' (1 project)
4 [] PowerPMAC21

b [ Systemn

b [ CLanguage

4 F&: Configuration
[ ECATConfig.cfg
2] enixml
[N pp_custom_save.cfg
O pp_custom_savetpl

3. The ECATMap.pmh and ECATMap.h files are created and copied to the Power PMAC
Script Language-Global Includes and C Language-Includes folders for use in C app and
script languages. These header files consist of #defines values to access ECAT
mappings in C app or script languages.

Typical flow will look like this...

Drcm Master Statin

Dagronn Mede
Scan EherCAT Network
Appand Siove
Power PMAC
impent Saes from (8
Tapont D08 Fe
w Reading mapping data....
Toad Mappng 10 Pomes PMAL fromm £
Watch EherCAT Mapped Vanabies
Actte (iharCAT I

184 Lpoiog,

Lol (ndpomrt Cortupustcn

(3t (1erCAT Confugurstn Template
imgnt [herC AT Cort urrtan Template

e Open
Scopeto The
B New Sohton bplorer Veew

P Propesies A rter

On selecting Load mapping to Power PMAC, the process indicates its progress by showing a
dialog and a message in the Power PMAC message box.

Power PMAC Messages

@ Okrors | 4 OWarnings | @ 6Messages | 7 00utputs
Date Location Module Description
0 Y1200 2451PM  Configuration EtherCAT Configure Mapping PDOs...
O 417200 2452PM  Configuration N ENI configuration filefor the setup is generated.
O 4172002452 Configuration EtherCAT Configure EtherCAT configuration file is generated.
O 412001 2452PM  Powes PMAC Database  Amplifier Added/updated custom amplifier to database.
O Y200 2452PM Power PMAC EtherCAT Configure Configuration is downloaded.
O 4172021 2453PM  Global Includes EtherCAT Configure Header files are generated and added to solution.

Power PMAC Unsolicited Power PMAC Ermor Find Results 1 [LIICTNIQUEELEY Terminal Output
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1. ltis not necessary to copy the EtherCAT files manually to the project
A like in V2.x and V3.x; V4.x automatically manages these files.
o 2. EtherCAT header files collapse/expand feature is available in te IDE
Note 4.3.2.x and above

Load Mapping to Power PMAC from ENI

Like Import slave from eni this option allows user to generate mapping from eni and add it to the
project similar to Load Mapping to Power PMAC. The process is identical to “Load Mapping to
Power PMAC” except user will need to input the eni file from file dialog.

' .
} oy
{ :
} - Passng mappng deta
) | >
| o
Pm——
) »

Import PDO from Sysmac file

This menu option allows the users to import PDO from Sysmac file. The following steps shows
the result of this function.

1. Clicking on this menu will open up a dialog box

2. Browse to the desired location and select “SlaveMemoryMap.xml” file
3. After selecting this file, a warning dialog box will pop up with the following warning:

Power PMAC X

This will delete/override all PDOs for all match slaves, Do you
still want to continue ?

Click on OK to proceed.
Only matched device names in the Ide will be imported. This will delete or override all the

PDOs for matched slaves.
6. All the PDO details will be updated, and the information message box will be displayed.

ok
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7. Imported Input/Output PDO details will be logged in the Power PMAC IDE messages
window

Power PMAC Messages v &
€3 OFrrors | & 2Warnings | @ 1Messages | 7 41 Outputs

Date Location Module Description
] 30-03-2023 20:05:13 Masterd EtherCAT Input Pdlo 0x1820: 289th transmit PDO Mapping is updated for device B3_¥1_DR.
™ 30-03-2023 20:05:13 Masterd EtherCAT Input Pdo (x1BFF: 512th transmit PDO Mapping is updated for device B3_¥1_DR.
7 30-03-2023 20:05:13 Masterd EtherCAT Input Pdo (x1A10: 17th transmit PDO Mapping is updated for device B3 Y1_DR.
™ 30-03-2023 20:05:13 Masterd EtherCAT Output Pdo 0x 1704 261th receive PDO Mapping is updated for device B3_Y1_DR.
] 30-03-2023 20:05:13 Masterd EtherCAT Output Pdo 0x1610: 17th receive PDO Mapping is updated for device B3_Y1_DR.
™ 30-03-2023 20:05:13 Masterd EtherCAT Input Pelo (x1B02: 259th transmit PDO Mapping is updated for device Z1_DR.
7 30-03-2023 20:05:13 Masterd EtherCAT Input Pdo (x1B20: 285th transmit PDO Mapping is updated for device Z1_DR.
™ 30-03-2023 20:05:13 Masterd EtherCAT Input Pdo 0x1BFF: 512th transmit PDO Mapping is updated for device Z1_DR.
] 30-03-2023 20:05:13 Masterd EtherCAT Input Pdo 0x1A10: 17th transmit PDO Mapping is updated for device Z1_DR.
™ 30-03-2023 20:05:13 Masterd EtherCAT Output Pdo 0x1704: 261th receive PDO Mapping is updated for device Z1 DR.
7 30-03-2023 20:05:13 Masterd EtherCAT Output Pdo 0x1610: 17th receive PDO Mapping is updated for device Z1_DR.

8. In PDO Mapping tab of the updated EtherCAT slaves, the imported Input / Output PDOs will
be checked and the rest of the PDOs will be unchecked

Import SRA Parameter from Sysmac file

This menu option allows the users to import SRA parameters from the Sysmac file. The
following steps show the result of this function.

1. Clicking on this menu will open a dialog box
2. Browse to the desired location and select “SraParameterList.xml” file

3. After selecting this file, a warning dialog box will pop up with the following warning:

Power PMAC b4

This will updated the SEA Parameters for all match slaves, Do
! you still want to continue 7

Cancel

4. Click on OK to proceed.

5. Only matched devices in the Ide will be imported. This will delete or override all the SRA
parameters for matched slaves.

6. All the SRA parameters details will be updated, and the information message box will be
displayed.

7. Imported SRA parameters details will be logged in the Power PMAC IDE messages window.
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Power PMAC Messages

€3 0Errors | 1. 0Warnings | O 0Messages | P 3 Outputs
Date Location Module Description
] 08-10-2024 16:10:44 MasterD EtherCAT SRA Parameters updated for device Slave_1002 [R28D-15AN02H-ECT].
T 08-10-2024 16:10:44 MasterD EtherCAT SRA Parameters updated for device Slave_1004 [R28D-15AN02H-ECT].
T 08-10-2024 16:10:44 MasterD EtherCAT SRA Parameters updated for device Slave_1005 [R28D-15AN02H-ECT].

8. In the Init Commands tab of the updated EtherCAT slaves, the imported SRA parameters will
be updated with the comment “Import from Sysmac file”.

Export EtherCAT Configuration Template

This context menu allows the User to set the EtherCAT slave slave/slaves network and export
as a template to be used in the future. If the User has a lot of slaves with the same configuration
(e.g. PDOs, InitCmds) then the User can use this feature to speed up development.

A It is possible to have slave network of commonly used EtherCAT devices and
¥ export it as one template for future use.

Note

Steps to export EtherCAT configuration template

Configure EtherCAT Slave/Slaves network by either using Append slave or scan slave
Load PDO mappings

Make sure the EtherCAT network can be activated.

On success deactivate the network, right click on the Master node and select Export
EtherCAT Configuration Template menu. The following dialog will open...

Pobd=

Export EtherCAT Configuration Template >

Template name: MWy fxis

Template description: | My X axis template for cyclic position mode |

Export to: CATemnp\All ECAT

| 0] || Cancel |

Enter all the necessary field’s
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Import EtherCAT Configuration Template

This context menu allows the User to apply the exported template. Right click on Master node
and select the Import EtherCAT Configuration Template menu. The following dialog will open...

Import EtherCAT Configuration Termplate >
Selected template file: Ch\Temp\MyXAxis.PmacEcatTemplate :- Browee.. :
Template name: My Axis
Template description: | My X axis template for cyclic position mode
Template options: Ignore revision

| (0]4 H Cancel ‘

Enter all the necessary field’s and click OK to import the template. On success the User will see
the following message.

Import EtherCAT Configuration Template .

The EtherCAT Configuration Template has been successfully
imported into the project.
The template is automatically applied when you append a
slave or scan the network.,

Once imported the project system will automatically apply and the new slaves will be copied
from this template (if available) and from the ESI cache. This behavior is also used for the bus
scan.

Select Master EtherCAT node and check the Properties. If the template is imported successfully
then the Master node properties (shown below) will show name of the Template file, whether
revision will be ignored or not and the Use EtherCAT template for matching slave. The property
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Master (Deactivated) File Properties
s

EtherCAT configuration template
Template File to Apply

ChUsers\atul.govande\OneDrive - OMROMN\Documentsh\All EQ)

Project System

Ternplate ignores revision True
Use EtherCAT configuration template True
=1 EtherCAT Motor Configuration.
Auto Configure., True
Show EtherCAT Motor Configuration View True
= Misc
EtherCAT License Motors = 64
File Name Master (Deactivated)
Full Path C\ProgramData\Delta Tau\PowerPMAC Projects\PowerPMAC
Remove Station Address from PDO Variable False
Stack Type Acontis
Template File to Apply
Template File used to apply EtherCAT template.

WEEl Properties

Watch EtherCAT mapped variable

This context menu option allows the user to monitor/set (write-only) EtherCAT mapped
variables. On clicking it the Watch EtherCAT Mapped Variables dialog will be opened,
displaying current downloaded EtherCAT mapped variables as shown below...

Watch EtherCAT Mapped Variables & X

(~) Slave 1001 [REED- 1SNOTH-ECT]

Data Type I/O

Bit Length Value

Slave_1001_R88D_1SNO1H_ECT_1001_603F_0_Errorcode
Slave_1001_R88D_15NOTH_ECT_1001_6041_0_Statusword
Slave_1001_REED_1SNOTH_ECT_1001_6064_0_Positionactualvalue
Slave_1001_R&8D_1SMOTH_ECT_1001_6077_0_Terqueactualvalue
Slave_1001_R&8D_1SMOTH_ECT_1001_60F4_0_Fellowingerroractualvalue
Slave_1001_RE8D_15NOTH_ECT_1001_60B9_0_Touchprobestatus
Slave_1001_RBBD_1SNOTH_ECT_1001_60BA_0_Touchprobeposiposvalue
Slave_1001_R88D_15MOTH_ECT_1001_60BC_0_TouchprobeposZposvalue
Slave_1001_R28D_15MOTH_ECT_1001_60FD_0_Digitalinputs
Slave_1001_R28D_15MOTH_ECT_1001_6040_0_Contrelword
Slave_1001_R88D_1SNOTH_ECT_1001_6074_0_Targetposition
Slave_1001_RB8D_15NOTH_ECT_1001_60B8_0_Touchprobefunction
Slave_1001_RBBD_1SMNOTH_ECT_1001_60FE_1_Physicaloutputs

@ Slave_1002 [RBED-KNOTH-ECT]

UINT
UINT
DINT
INT

DINT
UINT
DINT
DINT
UDIN
UINT
DINT
UINT
UDIN

T

T

Input
Input
Input
Input
Input
Input
Input
Input
Input
Qutput
Output
Output
Qutput

0
1648
-1997717119

402653187
0

Slave_1002_R88D_KMNOTH_ECT_1002_603F_0_Errorcode
Slave_1002_R88D_KNOTH_ECT_1002_6041_0_Statusword
Slave_1002_R2ED_KMNOTH_ECT 1002 6064 0_Positionactualvalue
Slave_1002_R83D_KNO1H_ECT_1002_6077_0_Torqueactualvalue
Slave_1002_RBBD_KNO1H_ECT_1002_60F4_0_Followingerroractualvalue
Slave_1002_RBBD_KNO1H_ECT_1002_60B9_0_Touchprobestatus
Slave_1002_R88D_KMNOTH_ECT_1002_60BA_0_Touchprobeposlpesvalue
Slave_1002_R88D_KMNOTH_ECT_1002_60BC_0_Touchprobepos2posvalue

4

UINT
UINT
DINT
INT

DINT
UINT
DINT
DINT

Input
Input
Input
Input
Input
Input
Input

Input

63411
2616
2070752
0

Update Period: < 100 > ms

The variable list is slave based and the user can collpase and expand the slaves to monitor the
variables. Read-only variables cannot be altered and are grayed out. Write-only variables can

be altered by the user and the new value will be downloaded to the Power PMAC.
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Activate/Deactivate EtherCAT

This is used to Activating the EtherCAT network. Ecatim].Enable = 1 command send to Power
PMAC, where m is master index. The command is successful if the eni file and actual physical
network matches. If there is mismatch an error will be thrown. At this point user can open
Network mismatch analyzer to identify missing device.

On Activate EtherCAT the visualization in the project tree for the ECAT devices will be change
according to the state of the ECAT device. Possible ECAT state visualizations are...

@ Init / Bootstrap
@& Pre-Op

W Safe-Op

@ Op

On successful Activation of the ECAT network this context menu command will change to
Deactivate EtherCAT. This command is used for deactivating EtherCAT network,
Ecat[m].Enable = 0 command is send to Power PMAC.

EtherCAT - Slave-Node Context Menu

Right click on any slave and it will open the context menu with commands associated with that
slave.

IDE V4.3.2.x and above will support Hot Connect Group.

The context menu looks like this...

Append Slave

Change Slave

Delete Slave Del
Enable Slave

Disable Slave

Cut Slave Ctrl+X
Copy Slave Ctrl+C
Paste Slave Crl+V
Create Group

Remove Group

Attach Hot Connect Group

Detach Hot Connect Group

Apply Configuration from EtherCAT Configuration Template...

i

Open

Scope to This

BB New Solution Explorer View
+~

Properties Alt+Enter

The following sections will explain the menu features in more detail.

Disable/Enable Slave

This feature allows the user to disable/enable the slave in the EtherCAT network. If, in the
motion or PLC files, the PDO names are used then user will not be required to change the
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program even if the slave is disabled. The user must use the #define keyword in the programs
instead of the actual EtherCAT structure element as these are managed automatically.

The following steps are needed for successful disabling of a slave.

1. Select a configured EtherCAT network that can be activated like below.

4 System
CPU
|4 Hardware
EtherCAT
Pl @ MasterD (Deactivated)
E Slave_1001 [R88D-1SMOTH-ECT] (1001)-2Motor]
B Slave_1002 [R88D-1SMOTH-ECT] (1002)-#Motor2
B slave_1003 [R83D-1SMNOTH-ECT] (1003)-#Motor3
E Slave_1004 [R83D-15MOTH-ECT] (1004)-2Motord
B Slave_1005 [R88D-15MO1TH-ECT] (1005)-#Motors
P Motors
&1 Motorl
&1 Motor2
&1 Motor3
&1 Motord
&1 Motors

=

Load the mappings to the Power PMAC

wn

To disable a slave, right click on a slave and select Disable Slave menu option. Once a

slave is disabled, the menu option will change to Enable Slave, which the user can click to

enable the slave.

Append Slave
Change Slave

Delete Slave Del
Disable Slave

Cut Slave Ctrl+X
Copy Slave Ctri+C

4

& Master0 (Deactivated)

A

f Siave_1001 [R88D-1SNO1L-ECT] (1001)
001 Module 1 (Safety Process Data)

= ve_1002 [R88D-1SNO1L-ECT] (1002)

001 Module 1 (Safety Process Data)
ve_1003 [R88D-1SNO1L-ECT] (1003)
001 Module 1 (Safety Process Data)
ve_1004 [R88D-1SNO1L-ECT] (1004)
001 Module 1 (Safety Process Data)
ve_1005 [R88D-1SNO1L-ECT] (1005)
001 Module 1 (Safety Process Data)

The first slave on the node cannot be disabled

Note

If a slave is disabled, the caption for the node will be appended with (Disabled) text.
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TOTCToryT

4 & Master0 (Deactivated)
4 [ slave_1001 [R88D-1SNO1L-ECT] (1001)
. 001 Module 1 (Safety Process Data)

4 ['] slave_1002 [R88D-1SNO1L-ECT] (1002) (Disabled)
. 001 Module 1 (Safety Process Data)

Once the disabled slave menu option is selected a message will popup which will guide the user
to take the following steps to successfully disable a slave.

EtherCAT X

To disable an ethercat slave, the following two steps must be followed:
1. Set the physical address of your ethercat slave.
2. Double click on the slave, go to the advance options and enable the Check Identification.

Do you want to continue the disable slave?

[ ] Do not show again

Yes No

The following are the steps:

a. Set the Physical address of the Ethercat slave: for the disable feature to
work correctly, each slave on the ring must have a unique slave address.
This address is set by setting the rotary switches on the Ethercat slave to a
unique address.
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b. Double click on the slave and enable Check Identification: the user must also
enable the check identification if the slave as well. To enable, double click on
the slave to open up the property page. On this page select the Advanced
Options tab and check the Check Identification.

Slave_1002 [R88D-1...] (1002) (Disabled) * X
[ C:\Users\dro.ghazarian\Documents\PowerPMAC IDE\PowerPMAC231\PowerPMAC231\System\EtherCAT\20.ecatslave

General | Modules | PDO Mapping | Variables | Advanced Options Distributed Clock | Init Commands | CoE Object-Dictionary | Sync Units

Startup Checking Timeouts
/! Check Vendor ID SDO Access: 02 /[ms]
/| Check Product Code Init->Pre-Op/Init->Bootstrap: 3000 (=1 [ms]
Check Revision Number Pre-Op->Safe-Op/Safe-Op->Op: 10000 (=1 [ms]
Back to Pre-Op, Init: 5000 = [ms]
Check Serial Number =
Op->Safe-Op: 200 5 [ms]
Identification Checking Mailbox Mode
| Check Identification D Cyclic 10 = ims]
1002 Dec| Hex Write to EEPROM ® State Change
Select Local Address
0x0012 Dec | Hex
Process Data Mode Overwrite Mailbox Size
| Disable LRW Output Size: 256 (= [bytes]
_| Input Size: 256 = [bytes]
Overwrite Watchdog Process Data Sync Manager Mode
7] Set Multiplier (Reg.: 0x400): 2498 2 ® Default
] Set PDI Watchdog (Reg.: 0x410): 1000 -2/(100.000 ms) ) Buffered (3 buffer mode)
_ = ) Mailbox (Single buffer mode)
| Set SM Watchdog (Reg.: 0x420): 1000 5 (100.000 ms)

Distributed Clocks
Potential Reference Clock

After setting these parameters a slave can be disabled/enabled. The disable enable command
sets the Ecat[0].Slave[x].Enabled structure element to 0 for disable and 1 to enable.

A Ethercat slave disable/enable feature requires a minimum IDE version of 4.6.0.x
& and firmware version 2.7.0.0

Note

Hot (Connect) Create Group

To create the hot, connect group the user needs to select the Create Group context menu
option by the right-clicking the slave. The user can select multiple slaves using CTRL Mouse to
add them to the group. On selecting a group, a dialog will be displayed as below...
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Single Slave

Muitiple Slave

Sopers e

 General

o MSU Id: Generated Master Sync Unit Id

o Name: Name of the group
* Pinned Group

o

* Hot Connect Group

Project System

Input Offset: Fixed input offset of the group in the process data image in bytes

o Output Offset: Fixed output offset of the group in the process data image in bytes

(@]
slave
o
can be used.

Identification Offset: Register offset where the identification can be read from the

Identification Value: Hardware identification value or configured station alias address

As soon as the group is formed, the icon for the slave in the solution explorer will change and

4 EtherCAT

4 & Master0 (Deactivated)
[ ] Stave_1005 [R88D-1SNOTH-ECT] (1005)

“ EtherCAT

4 ® Master) (Deactivated)
Slave_1005 [R88D-1SNOTH-ECT] (1005)

Power PMAC IDE User Manual
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Device Editor
[ General | Modules | PDO Mapping | Variables | Group |Advanced Options | Distributed Clock | Iit Commands | CoE Object-Dictionary | Sync Units
General
MSU Id 10
Name Group 0
Pinned Group
Input Offset (byte)
Output Offset (byte)

Hot Connect Group Il
Identification Offset 0x0012

Identification Value

EtherCAT — Import SYSMAC Studio safety mapping file

This is a special slave context menu available only for OMRON Safety Module NX-SL3300, NX-
SL3500, NX-SL5500, NX-SL5700.

This menu improves the setup time and ease of integration of safety controller with Power
PMAC.

Following shows the typical workflow.

On accept the mapping will be imported and added and available under PDO mapping.

Example - Safety Controller integration with Power PMAC IDE

Scope

Commissioning Safety PLC (NX-SL3300 or NX-SL3500) with 1S servo drive under the control of
PMAC. Steps involving SYSMAC studio are out of the scope and this document assumes user
has completed necessary steps involving SYSMAC studio.

Power PMAC IDE4.5.x or above
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CK3E-1310/ FW 2.6.0.0 Power PMAC

_ NX-ECC203 / FW1.6 ECAT Coupler Unit Use at least with FW1.6
_ 513300 Safety PLC

— SID800 Safety Input Unit

B soos00 Safety Output Unit

B Rssp-1sN02L 15 Servo Drive / Motor

R88D-1SNO2L 15 Servo Drive / Motor

1 Sysmac Configuration

2. Download Sysmac project to ECC203 and SL3300
3. Export Sysmac PDO configuration

4 PMAC-IDE configuration

Power PMAC IDE Configuration
4.1 Reset & Re-Initialize Power PMAC. Scan EtherCAT Network. This will look like in the IDE
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Slaves connected to local system

Network Adagter LENOVO-RI-4S R15-V (Intel) Exhemet Connection (5)L *
Select
»
Saves connected to remote system »
1P Address .68, 0 .20 :
Pot B »
.

J Mot st | odimate st | Gotai s« |

Motor 1t @ Motor not activated

Sute ¢ & | Mode CONFIG

Descrigtion  Status Descrigtion Status *

O e cix e

Aegiok Y whou Fole © Ofens | 4 BWamings | © $Messages | ™ S0utputs
ol el | B

# a
B0« Pt Mouslime  Falie Save’ and Reset (555) completed ca

0 6201 1906 CPY Settings Clock Settings  the Power PMAC. New clock

@ 15 Drve - Sufey - Power PMAC IOE { P 192160200 Yype PO c si=an
Fle Ede View Propct Bold Debug Formt Took DOctaleu EheCAT  Window Hep
0-0/|@-0u-AR 890 | Doy -l AnyCU b S B sKacadecmd - mreo-,
© SuntPage #f Communication Setvp | 5] Terminal € Postion [&] Waech [V] Statws [T Jog Ribbon | [ sk Manager [ Tume (R C: BRkk ;& A Progaes
Solution Explores J
Device Edtor 00QR o8 p-
Maiter | Topology View | Process Data image | Variables | Advanced Opticns ' SavetoSve < v il - o (Cbe »

ol
Gener % Sk
Unt Name EtherCATSute Master o
Cydle Teme [us) Xy &) Sytem
Source MAC address e Hardaare
EtherCAT

Clangusg  Scan EtherCAT Network

Confgurr  popend Save

Oocument

log .

PMAC Ser Import Staves from EN
Gobal  frpen BN Fle
D ge

Decs  LosdMappingtoPowes PMAC
Kinem. Load Mappng to Powes PMAC from BN
Lrane Watch EtherCAT Mapped Varables.

PCPr Actwate EtherCAT
Dk EdtTopology
£k Endport Confiqurabon

Expont EtherCAT Configunation Template...
Import EsherCAT Configuration Template...

[ 15 - Drive - Safety

4
4

System

CPU
&) System
Hardware
EtherCAT
& Masterd (Deactivated)
4[] Slave 1001 [NX-ECC203] (1001)
[ 001 Module 1 (NX-SL3300)
[ 002 Module 2 (NX-SID800)
1 003 Module 3 (NX-S0D400)
4[] Slave 1002 [R88D-1SNO2L-ECT) (1002)
o 001 Module 1 (Safety Process Data)
4[] Slave 1003 [R88D-1SNO2L-ECT] (1003)
1 001 Module 1 (Safety Process Data)

4.2 Set “Shift Time” to 250uS for all 3 ECAT devices (ECC203 and 2 drives)

Stave_1003 [R88D-1SNO2L-ECT) (1003) + X
Device Editor
y ~ I’ Mol ”pw“ rr' ,‘ Yarsahl | Mmedom D|s‘n «»

-

Distributed Clock
Operation Mode
Sync Unit Cycle (us)
Overwrite Mode

V! Sync Units
] Sync Unit 0
Cycle Time
® Sync Unit Cycle
User defined
Shift Time (us)
Sync Unit 1

Cycle Time
Sync Unit Cycle
Sync 0 Cycle
User defined
Shift Time (us) )/
Networks: 1 | Slaves:3 |

Solution Explorer

COR| 0-8 F=

Search Solution Explorer (Ctrl+

4 System
4 CPU
&) System
Hardware
4 EtherCAT

4§ Master) (Deactivated)

b [ Stave_1001 [NX-ECC203] (1001)

b [ Stave_1002 [R82D-1SNO2L-ECT] (1002)
b [ Stave_1003 [R82D-1SNO2L-ECT] (1003)

Motors
Coordinate Systems
b Encoder
Tools
C Language
Configuration
Documentation
Log
PMAC Script Language
4 Global Includes
) global definitions.pmh
[ ECATMap.pmh
Kinematic Routines

A VYV YOCVYOw
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4.3 Set CPU speed @ 2 kHz. The example is tested up to 2kHz

Clock Settings

Phase Frequency: 2000 ki

Servo Frequency: 2000 ~ l iz

Real-Time Frequency: 2.000 { w: O

Existing New

Servo Penod: 1.00 0500 Milliseconds )
Phase Over Servo Penod: 1000 1.000 i
Only EtherCAT detected.

PWM Frequency

No Gates detected using Software Clock on PowerPMAC )

4.4 This is most important step , use the exported file from SYSMAC studio . The safety PDO
map file name CouplerMemoryMap.xml. See below image of the import file using context
menu on coupler. This option only available for OMRON safety controller and it's a dynamic
context menu.

Solution Explorer
Co@|o-8|s -

[ Safety - 1S - Drive
“ System
4 CcPU
&) System
Hardware
“ EtherCAT
4 & Master0 (Deactivated)
4 [§ Slave_1001 [NX-ECC203] (1001)
o on 1

Name

0 CouplerCopylnfoxml
[ ] CouplerEsi_E001_NXIO.xml
|| CouplertMemoryMap.xml
| 4 SlaveMemoryMap.xml

3 oo
B 2N Import Sysmac Studio Safety mapping file
| el & Open
b @ Slave 10(
> @ Slave10( Scope to This
Motors New Solution Explorer View
Coordinate Syst g Properties AlteEnter
Encoder
C Language
Configuration
Documentation
Log
PMAC Script Language
Tools

-

vevwvvvew

4.5 On successful import the viewer will be opened and shown below. Leave Select All
selected and click Accept Leave checkbox Convert BOOL-USINT selected
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Name Index DataType Offset Size
() TPD0 [V Select All Convert BOOL-USINT

W (2 Slot1(NX-SL3300)Input Data Set 1

Nodel/Unit2 2x6000:1 ARRAY [0..6] OF BYTE 18 7
Node1/Unit3 2x6000:2 ARRAY [0..5] OF BYTE 25 6
Node2 2x6000:3 ARRAY [0..6] OF BYTE 3 7
Node3 2x6000:4 ARRAY [0.6] OF BYTE 38 7
Padding 2x6000:5 ARRAY [0..0] OF BYTE a5 1
() Stot 1(NX-5L3300)Input Dato Set 2

Safety CPU Status 2x6004:1 UINT 6 2
Safety_out_b0 2x6001:2 USINT (BOOL) 48 1
Safety_out b1 2x6001:3 USINT (BOOL) 29 1
Safety_out b2 2x6001:4 USINT (8OOL) 50 1
Safety_out_b3 2x6001:5 USINT (8OOL) 51 1
(») RPDO Select Al [] Convert BOOL-USINT

M (2 Siot1(NX-SL3300)Output Data Set 1

Nodel/Unit2 2x7000:1 ARRAY (0..6] OF BYTE [ 7
Node1/Unit3 2x7000:2 ARRAY [0..5] OF BYTE 7 6
Node2 2x7000:3 ARRAY [0..6] OF BYTE 13 7
Node3 2x7000:4 ARRAY [0..6] OF BYTE 20 7
Padding 2x7000:5 ARRAY [0..0] OF BYTE 27 1
M (2) Slot1(NX-513300)Output Data Set 2

Safety_in_b0 2x7001:1 USINT (8OOL) 28 1
Safety_in_b1 2x7001:2 USINT (BOOL) 2 1
Safety_in_b2 2x7001:3 USINT (BOOL) 30 1
Safety_in_b3 2x7001:4 USINT (BOOL) 3 1

4.6 After proper import, the Variables in Safety module should look like this

oor meaue 1 0ocsi300) = 1 —
Device Editor
[ MOP Siot Properties | Variables |
Variables
Name Datatype Master Sync Unit  Offset -  Size
[ Slave_1001 [NX-ECC203].Module 1 (NX-SL3300).Input Data Set 1..Slot1.Node1/Unit2 ARRAY [0..6] OF BYTE | Id 0: Default 0 IN: 180 7.0
Slave_1001 [NX-ECC203].Module 1 (NX-SL3300).Input Data Set 1..Slot1.Node1/Unit3 ARRAY [0..5] OF BYTE Id 0: Default 0 IN: 250 60
Slave_1001 [NX-ECC203].Module 1 (NX-SL3300).Input Data Set 1..Slot1.Node2 ARRAY [0..6] OF BYTE 1d 0: Default 0 IN: 310 70
Slave_1001 [NX-ECC203).Module 1 (NX-SL3300).Input Data Set 1..Slot1.Node3 ARRAY [0..6] OF BYTE Id 0: Default 0 IN: 380 7.0
Slave_1001 [NX-ECC203].Module 1 (NX-SL3300).Input Data Set 1..Slot1.Padding ARRAY [0..0] OF BYTE Id 0: Default 0 IN: 450 10
Slave_1001 [NX-ECC203].Module 1 (NX-SL3300).Input Data Set 2..Slot1.Safety CPU Status UINT Id 0: Default 0 IN: 460 20
Slave_1001 [NX-ECC203).Module 1 (NX-SL3300).Input Data Set 2..Slot1.Safety_out_b0 ARRAY [0..0] OF BYTE Id 0: Default 0 IN: 4380 10
Slave_1001 [NX-ECC203).Module 1 (NX-SL3300).Input Data Set 2..Slot1.Safety_out_b1 ARRAY [0..0] OF BYTE Id 0: Default O IN: 490 1.0
Slave_1001 [NX-ECC203].Module 1 (NX-SL3300).Input Data Set 2..Slot1.Safety_out_b2 ARRAY [0..0] OF BYTE  Id 0: Default 0 IN: 500 1.0
Slave_1001 [NX-ECC203].Module 1 (NX-SL3300).Input Data Set 2..Slot1.Safety_out_b3 ARRAY [0..0] OF BYTE Id 0: Default 0 IN: 51.0 1.0
Slave_1001 [NX-ECC203).Module 1 (NX-SL3300).Output Data Set 1..Slot1.Node1/Unit2 ARRAY [0..6] OF BYTE Id 0: Default 0 our: 00 70
Slave_1001 [NX-ECC203].Module 1 (NX-SL3300).Output Data Set 1..Slot1.Node1/Unit3 ARRAY [0..5] OF BYTE Id 0: Default 0 ouT: 70 60
Slave_1001 [NX-ECC203].Module 1 (NX-SL3300).Output Data Set 1..Slot1.Node2 ARRAY [0..6] OF BYTE Id 0: Default 0 ourt: 130 70
Slave_1001 [NX-ECC203).Module 1 (NX-SL3300).Output Data Set 1..Slot1.Node3 ARRAY [0..6] OF BYTE Id 0: Default 0 our: 200 7.0
Slave_1001 [NX-ECC203].Module 1 (NX-SL3300).Output Data Set 1..Slot1.Padding ARRAY [0..0] OF BYTE Id 0: Default 0 ouT: 270 1.0
Slave_1001 [NX-ECC203].Module 1 (NX-SL3300).Output Data Set 2..Slot1.Safety_in_b0 ARRAY [0..0] OF BYTE Id 0: Default 0 our: 280 1.0
Slave_1001 [NX-ECC203].Module 1 (NX-SL3300).Output Data Set 2..Slot1.Safety_in_b1 ARRAY [0..0] OF BYTE Id 0: Default 0 ouT: 290 1.0
Slave_1001 [NX-ECC203].Module 1 (NX-SL3300).Output Data Set 2..Slot1.Safety_in_b2 ARRAY [0..0] OF BYTE | Id 0: Default 0 ouT: 300 1.0
Slave_1001 [NX-ECC203).Module 1 (NX-5L3300).Output Data Set 2..Slot1.Safety_in_b3 ARRAY [0..0] OF BYTE 1d 0: Default 0 out: 310 1.0
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4.7 On each drive (Inputs / Outputs) Safety Process Data with telegram 273rd need to be
selected.

Slave_1002 [R88D-1SNO2L-ECT] (1002) + X [uREECTIREINES ~ | Solution Explorer
General | Modules| POO Mapping | Variables | Advanced Options | Distributed Clock | Init Commands = CoE Object-Dictionary ' Sync Units P
—
Inputs Outputs [T 1S - Drive - Safety
. L —L L — L e S TGV TUTqUE T UXOUC 100" —TU- = 4 System
- -
Sysmac Error Status  Ox2002:01 8 Torque offset Ox60 16 4 CPU
&) System
v | Module 1 (Safety Process Data).273th transmit PO Ox1810 v \ V] Module 1 (Satety Process Data).273th receive PDO  0x1710 Hardware
Name Index Bt Length \z%e Index Bit Length 4 ) EtherCAT
4§ Masterd
FSoE Slave Comman OxE600:01 8 ‘ FSoE Master Comm:  OxE700:01 8 4 [ Slave 1001 [NX-ECC203] (1001)
STO Active 0x6640:00 1 sT0 0x6640:00 1 [ 001 Module 1 (NX-5L3300)
[ 002 Module 2 (NX-SID800)
00000:00 ! . ‘ B 003 Module 3 (NX-50D400)
040000:00 1 0:0000:00 1 b [ Slave 1002 [R88D-1SNO2L-ECT]
4[] Slave 1003 [R8SD-1SNO2L-ECT)
0x0000:00 1 0x0000: 1 L
il . 001 Module 1 (Safety Proce:
- 0x0000:00 1 0x0000:00 1 Motors
060000:00 1 040000:00 1 Coordinate Systems
b Encoder
0x0000:00 1 0x0000:00 1 b Tools
Error 0x6632:00 1 Error Ack 0x6632:00 1 b Clanguage
b Configuration
0x0000:00 1 0:0000:00 1 b Documentation
0x0000:00 1 0x0000:00 1
0x0000:00 1 - 0x0000:00 1 -

4.8 When PDO is complete, Slave to Slave communication need to be establish 4 connections
for INPUTS - (this will vary with different configuration)

Master( (Deactivated) + >

Device Editor
| IMaster ” Topology View ” Process Data Image || Variables ” Advanced Options | Slave to Slave | Distributed Clocks ” Tasks + Sync Units |

Slave to Slave

Inputs Outputs
1 v [ Slave 1001 [NX-ECC203] - v [ Slave_1001 [NX-ECC203]
» ~ 505th transmit PDO Mapping [128 Bits] »  Module 1 (NX-5L3300).Output Data Set 1 [224 Bits]
» = 512th transmit PDO Mapping [8 Bits] @ ~ Meodule 1 (NX-5L3300).0utput Data Set 2 [32 Bits]

» > 501st transmit PDO Mapping [8 Bits]
* ~ Module 1 (NX-5L3300).Input Data Set 1 [224 Bits]

- Module 2 (NX-5ID800).0utput Data Set 1[56 Bits]
 Module 2 (NX-5ID200).Qutput Data Set 2 [24 Bits]

C" Slotl.Nodel/Unit2 [56 Bits] ¥ Module 3 (NX-50D400).0utput Data Set 1 [48 Bits]
~ Slot1.Nodel/Unit3 [48 Bits] » ~ Module 3 (NX-500400).0utput Data Set 2 [16 Bits]
+ Slot1.Node2 [56 Bits] » [ Slave_1002 [R88D-1SNO2L-ECT]
~ Slot1.Node3 [36 Bits] » [ Slave_1003 [R88D-1SNO2L-ECT]
~.Slot1.Padding [8 Bits] =
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MasterD (Deactivated) & X

Device Editor

[ Master | Topalogy View | Process Data Image | Variables | Advanced Options | Slaveto Slave |Distributed Clocks | Tasks + Sync Units |

Slave to Slave

Inputs Qutputs
v M@ Slave_1001 [NX-ECC203] — v [ Slave_1001 [NX-ECC203]
» = 505th transmit PDO Mapping [128 Bits] > + Module 1 (NX-5L3300). Output Data Set 1 [224 Bits]

» ~ 512th transmit PDO Mapping [& Bits]
» _~ 501st transmit PDO Mapping [8 Bits]

@ » » Module 1 (NX-5L3300). Output Data Set 2 [32 Bits]

» iy Module 2 (NX-SID200).Output Data Set 1 [36 Bits]

» ~ Module 1 (NX-5L3300).Input Data Set 1[224 Bits] > - Module 2 (NX-5ID200).Output Data Set 2 [24 Bits)
- Slot1.Nodel/Unit2 [56 Bits] » Module 3 (NX-50D400).Output Data Set 1 [48 Bits]
C - Slot1.Nodel/Unit3 [48 Bits] »  Medule 3 (NX-50D400).Output Data Set 2 [16 Bits]
- Slot1.Node2 [56 Bits] » [ Slave 1002 [R33D-1SNO2L-ECT]
- Slot1.Node3 [56 Bits] » [ Slave_1003 [R38D-1SNO2L-ECT]
- Slot1.Padding [8 Bits] =

MasterD (Deactivated) & X

Device Editor

| Master ” Topology View " Process Data Image || Variables || Advanced Gptioﬂs‘ Slave to Slave |Distributad Clocks ” Tasks + Sync Uﬂits|

Slave to Slave

Inputs Outputs
Slot1.Mede2 [56 Bits] - » B Slave 1001 [NX-ECC203]
 Slot1.Nede3 [36 Bits] v [ Slave 1002 [RBBD-1SNO2L-ECT]
- Slot1.Padding [8 Bits] @ » - 258th receive PDO Mapping [96 Bits]
> Maodule 1 (NX-5L3300).Input Data Set 2 [48 Bits] v » |~ Module 1 (Safety Process Data).273th receive PDO M
¥ Meodule 2 (NX-5ID800).Input Data Set 1 [56 Bits] » [i Slave 1003 [R88D-1SNO2L-ECT]

»  Module 2 (NX-5ID800).Input Data Set 2 [24 Bits]
> Madule 3 [NX-500400).Input Data Set 1 [48 Bits]
> + Module 3 (NX-50D400).Input Data Set 2 [16 Bits]
» [ Slave_1002 [R88D-1SNO2L-ECT]
» [ Slave 1003 [RBAD-1SNO2L-ECT] -

Master0 (Deactivated) + X
Device Editor

‘ Master H Topology View H Process Data Image ‘i Variables ” Advanced Options ‘ Slave to Slave | Distributed Clocks ” Tasks + Sync Units

Slave to Slave
Inputs Outputs
B Slave 1001 [NX-ECC203]
v [ Slave_1002 [R88D-1SNO2L-ECT]
@ > 258th receive PDO Mapping [96 Bits]
o » i Module 1 (Safety Process Data).273th receive PDO M
v [ Slave_1003 [R88D-1SNO2L-ECT]
> 258th receive PDO Mapping [96 Bits]
> CModule 1 (Safety Process Data).273th receive PDO

> 501st transmit PDO Mapping [8 Bits]

v Module 1 (NX-SL3300).Input Data Set 1 [224 Bits]
.x-Slot1.Node1/Unit2 [56 Bits]
(w-Slot1.Node1/Unit3 [48 Bits]

_xSlot1.Node2 [56 Bits]
(" Slot1.Node3 [56 Bits]
.Slot1.Padding [8 Bits]

» Module 1 (NX-SL3300).Input Data Set 2 [48 Bits]

> Module 2 (NX-SID800).Input Data Set 1 [56 Bits]

> Module 2 (NX-SID800).Input Data Set 2 [24 Bits] ¥
>

-~ »

4.10 4 connections for OUTPUTSs - (this will vary if configuration is different).
Every time when modifying ECAT network Slave to Slave need to be Disconnected

and Connected again.
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Master( (Deactivated) & X

Device Editor
‘ Master H Tepology View " Process Data Image " Variables || Advanced Options | Slave to Slave | Distributed Clocks H Tasks + Sync Units
Slave to Slave
Inputs Outputs
v M Slawe_1001 [NX-ECC203] & v [ Slave 1001 [NX-ECC203] &
1 » - 503thtransmit PDO Mapping [128 Bits] -
» 312th transmit PDO Mapping [& Bits] @ Slot1.Nodel/Unit2 [36 Bits]
¥ 501sttransmit PDO Mapping [8 Bits] Wy = Slot1Mode1/Unit3 [48 Bits]
> Medule 1 (NX-5L3200).Input Data Set 1 [224 Bits] Slot1.MNode2 [56 Bits]
» . Module 1 (NX-5L3300).Input Data Set 2 [48 Bits] Slot1.Mode3 [56 Bits]
» | = Module 2 (NX-SID800) Input Data Set 1 [56 Bits] Slot1.Padding [2 Bits]
T Madule2 (MX-SID800).Input Data Set 2 [24 Bitg] 3
»  Module 3 (NX-S0D400).Input Data Set 1 [48 Bits] » i Module 2 (NX-510800).Output Data Set 1 [56 Bits
¥~ Module 3 (NX-50D400).Input Data Set 2 [16 Bits] > =
1 k 1 .3

Device Editor
[ Master | Topology View | Process Data Image | Variables | Advanced Options | Slave to Slave | Distributed Clocks | Tasks + Sync Units|
Slave to Slave
Inputs Outputs
v B Slave_1001 [NX-ECC203] - « [ Slave_1001 [NX-ECC203] -
2 » + 305thtransmit PDO Mapping [128 Bits] -
> 512th transmit PDO Mapping [8 Bits] @ & Slot1.Model/Unit2 [56 Bits]
> - Msttransmit PDO Mapping [ Bits] . g Sletl.Medel /Unit2 [48 Bits]
> » Module 1 {MX-5L3200).Input Data Set 1[224 Bits] ) Slotl.Mode2 [36 Bits]
> + Module 1 (NX-5L3300).Input Data Set 2 [43 Bits] Slot1.Mode3 [36 Bits]
¥y Module 2 (NX-SID800).Input Data Set 1 [56 Bits] .Slotl.Padding [8 Bits]
> - Module 2 (NX-SID8D0).Input Data Set 2 [24 Bits] >
> Module 3 (NX-S0D400).Input Data Set 1 [48 Bits] >
»" - Module 3 (NX-SODA00).Input Data Set 2 [16 Bits] - b -
4 » <4 »

_Master'O (Deactivated) + X

Device Editor

| Maste: | Tapology View || Process Data Image | Variables | Advanced Options| Slave to Slave |Distiibuted Clocks | Tasks + Sync Units|

Slave to Slave

Inputs Qutputs
3 » Module 1 (NX-5L3300).Input Data Set 1 [224 Bits] h -

» = Module 1 (NX-5L3200).Input Data Set 2 [48 Bits] (i Slotl Nodel/Unit2 [36 Bits]
» i Module 2 (NX-5ID800).Input Data Set 1 [56 Bits] @ v Slot1 Node1/Unit3 [48 Bitc]
¥ Module 2 (NX-51D800).Input Diata Set 2 [24 Bits] % * Slot1Node? [36 Bits]
» . Module 3 (NX-50D400) Input Data Set 1 [48 Bits] “ Slot1Node3 [56 Bits]
» - Module 3 (NX-50D400) Input Data Set 2 [16 Bits] » Slot1.Padding [8 Bits]

v [ Slawe_1002 [RBBD-15NOZL-ECT] >
> 25th transmit PDO Mapping [224 Bits] »  (w Module 2 (NX-SIDE00).Output Data Set 156 Bits
» |~ Medule 1 (Safety Process Data).273th transmit Pl >

» [ Slawe_1003 [RBED-1SNOZL-ECT] - > -

Ll » 4 »
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Device Editor

Slave to Slave
Inputs
» [ Slave 1001 [NX-ECC203]
4 » [ Slave_1002 [R83D-1SNO2L-ECT]
v [ Slave_1003 [R88D-1SNO2L-ECT]

> 258th transmit PDO Mapping [224 Bits]
» Module 1 (Safety Process Data).273th transmit PDO _x+-Slot1.Node2 [56 Bits]

[ Master | Topology View | Process Data Image | Variables | Advanced Options | Slave to Slave |Distributed Clocks H Tasks + Sync Units |

Outputs
v [ Slave_1001 [NX-ECC203]

v
@ Z-Slot1.Node1/Unit2 [56 Bits]
) & Slot1.Node1/Unit3 [48 Bits]
Slot1.Node3 [56 Bits]
.Slot1.Padding [8 Bits]

» i Module 2 (NX-SID800).Output Data Set 1 [56 Bits

Master0 (Deactivated) + X

v
4 4 4 14
411 When completed, Connections menu should look like this

Input Offset Output Offset BitSize
Slave_1001 [NX-ECC203].Module 1 (NX-SL3300).Input Data Set 1..Slot1.Node1/Unit2 18.0 >> | Slave_1001 [NX-ECC203].Module 2 (NX-5ID800).Output Data Set 1 320 56

| Slave_1001 [NX-ECC203].Module 1 (NX-5L3300).Input Data Set 1..Slot1.Node1/Unit3 250 =>> Slave_1001 [NX-ECC203].Module 3 (NX-SOD400).Output Data Set 1 420 48
Slave_1001 [NX-ECC203].Module 1 (NX-SL3300).Input Data Set 1..Slot1.Node2 31.0 >> Slave_1002 [R88D-1SNO2L-ECT].Module 1 (Safety Process Data).273th receive PDO Mapping 82,0 56
Slave_1001 [NX-ECC203].Module 1 (NX-SL3300).Input Data Set 1..Slot1.Node3 380 >> Slave_1003 [R88D-1SNO2L-ECT].Module 1 (Safety Process Data).273th receive PDO Mapping 117.0 56
Slave_1001 [NX-ECC203].Module 2 (NX-SID800).Input Data Set 1 520 =>>  Slave_1001 [NX-ECC203].Module 1 (NX-5L3300).Output Data Set 1..Slot1.Node1/Unit2 00 56
Slave_1001 [NX-ECC203].Module 3 [NX-SOD400}.Input Data Set 1 62.0 >> Slave_1001 [NX-ECC203].Module 1 (NX-SL3300).Output Data Set 1..Slot1.Node1/Unit3 70 |48
Slave_1002 [R88D-1SNO2L-ECT].Module 1 (Safety Process Data).273th transmit PDO Mapping 98.0 >> Slave 1001 [NX-ECC203].Module 1 (NX-SL3300).Output Data Set 1..Slot1.Node2 13.0 56
Slave_1003 [R88D-1SN0O2L-ECT].Module 1 (Safety Process Data).273th transmit PDO Mapping 133.0 >>  Slave_1001 [NX-ECC203].Module 1 (NX-5L3300).Output Data Set 1..Slot1.Node3 200 56

412 Check the CPU clock to match the selected 2kHz for ECAT master

System # X JEElTRe Viaster] (Deactivated)
Clock Settings

Phase Frequency: 2.000| kHz

Servo Frequency: ' 2.000 ~ | kHz
Real-Time Frequency: { 2000 ~| kHz ©

Existing New

=

n
=
(-

Servo Period: 0.500

Phase Over Servo Period: 1.000 1.000

Only EtherCAT detected.

PWM Frequency
Mo Gates detected using Software Clock on PowerPMAC ()

Solution Explorer
W o-d| p -
Search Solution Explorer (Ctrl+;)
] CK3E_2DRIVES_15_SAFETY
4 Systemn
Pl CPU
&1 System
Hardware
4 EtherCAT

Milliseconds () 4 @ MasterD (Activated)
b Slave_1001 [NX-ECC203] (1001)

(i ] 4 @ Slave_1002 [R33D-15NO2L-ECT] (1002)
001 Module 1 (Safety Process Data)

4 @ Slave_1003 [R83D-15MO2L-ECT] (1003)

. 001 Medule 1 (Safety Process Data)

Motors
Coordinate Systems
3 Encoder
3 C Language

4.13 Load Mapping to PowerPMAC Enable the ECAT using right click context menu from
Master node. Alternatively you can type in terminal window this command

“ECAT[0].enable=1", though it is recommended to use clicking context menu. When RESET

button is pressed, the CONTACTOR should enable and drives should remove STO (“St” on
LED display) and go to normal operation (“—“ on LED display).
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EtherNet/IP

EtherNet/IP protocol is a member of the CIP network family of protocols, published by the
ODVA. Power PMAC is an EtherNet/IP (EIP) adapter (slave) and will connect to an EtherNet/IP
(EIP) scanner like NJ/NX controllers.

Prerequisite for Power PMAC EtherNet/IP adapter
EtherNet/IP functionality support table...

FW Version ARM Dual core CPU CK3E/CK3M ARM QUAD core CPU
2.54.xor EIP supported EIP Not supported EIP Not supported
above

2.6.x.x0r EIP supported EIP supported EIP supported

above

EtherNet/IP must be enabled on the board. Upgrading the firmware to 2.5.4.x
= in the field on an existing board will not support the EtherNet/IP. In this case
ot please contact to local support office.
ote

The EtherNet/IP folder node in a Power PMAC project stores the EtherNet/IP connection
information.

An EtherNet/IP folder will be included when creating a new project using ‘New Project’ and
select the project type ‘Power PMAC project with EtherNet/IP’.

To add EtherNet/IP to an existing project, right click on the solution to open the context menu
and select ‘Add EtherNet/IP’ from the menu as shown below...
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& Build

Rebuild

Clean

Scope to This

New Solution Explorer View

Build and Download All Programs
Map PMAC Variables

Export Project with IP Protection.
Export Project Template.

Compare Project

Add EtherNet/IP

Add Macro

Cut Curl+X

X &

Remove Del
Unload Project

@ Open Folder in File Explorer

& Properties Alt+Enter

Project System

Once the EtherNet/IP node is added to the project, the user can add the connection to setup
different variable data types to be shared with the scanner. The project looks like this with an

EtherNet/IP node...

Solution Explorer v 3 x

R o-8 p-

; Solution ‘EipTest’ (1 project)
4w EipTest
- System
4 cPU
& System
b Hardware
[ “ EtherNet/IP (Deactivated) ]
o4 Connection1

&3 Connection2
Motors
Coordinate Systems
4 Encoder
C Language
Configuration
Documentation
Log
PMAC Script Language

vewvvw

At the time of project loading the EtherNet/IP status is updated, provided an EtherNet/IP node is

present. In the above image the current status of the network is “Deactivated”.

The User is encouraged to use context menu commands from the EtherNet/IP node to activate

and deactivate EtherNet/IP functionality.

EtherNet/IP project node

To set the EtherNet/IP update rate, select the EtherNet/IP project node. Update settings are
available in the property window associated with the project node. It is displayed like this...
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;53 Connection1
453 Connection2
Motors

e din s Caircdore e

Solution Explorer FeERERUEY

Properties

EipTest Solution Properties

The name of the solution file.

Solution Explorer v o x
@& o-a|p =
Search Solution Explorer (Ctrl+;) L -
m Solution ‘EipTest’ (1 project) -
4 [T EipTest
- System
- CPU
;53 System
P Hardware
- EtherNet/IP (Deactivated)

EN| e

E Misc
(Name) EipTest
Active config Debug|Any CPU
Description
Path C:\ProgramData\DeltaT;
Startup project EipTest

{(Name)

The range of the Update rate is 5 to 4294967295 uSec.

EtherNet/IP context menu

On right clicking the EtherNet/IP node following context menu is available.

> X B

Scope to This
New Solution Explorer View
Delete

Properties

Del

Alt+Enter

Add EtherNet/IP Connection...

Watch EtherNet/IP Variables

Activate EtherNet/IP

Add EtherNet/IP Connection:

As the name says, this menu allows the User to add a connection. A total of 32 connections can
be added. Each input and output assembly per connection allows 504 bytes of data to be
shared. The User can add only one data type per connection. In the current version of the IDE

setup tool, the User cannot mix and match variable data types in one connection.
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A User can add one data type variable per connection. There can be 32
& connection possible and each can have one data type.

Note

On clicking the menu, the user can add the connection using the following dialog...

Add EtherNet/IP Connection X

Connection Number(s): 13| Eg.1-58,12

I OK | l Cancel

On pressing OK, two connections will be added to the project tree. The project tree will look like
this...

4 @ EtherNet/IP (Deactivated)
& Connection1
& Connection2
Motors

To setup EtherNet/IP, select the Connection1 or Connection2. When the EtherNet/IP
configuration dialog opens it will look like this...

Connection: Sets the startup connection state.
—— - Default is Enabled

o vty 760 [ Type: Supported variable types one per connection.
: Input/Output Assemblies: Direction from
PowerPMAC point of view.
Add variable: Add number variable(s) to Input or
Output assembly
Accept: Accept the connection variable settings.

Add Variables...

In the current setup tool, the following are the supported data types.
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Data type Data type size Maximum number
supported | (byte) of variables
UINT 2 252

DINT 4 126

USINT 1 504

UDINT 4 126

REAL 4 126

LREAL 8 63

BYTE 1 504

WORD 2 252

DWORD 4 126

To add the variables, click the Add variable button. It will open the following dialog...

Add Variables X

Base Name: Connection_Input

Number of Variables: |5| ‘

On clicking OK, 5 variables of type UINT are added under Input assemblies, as shown below...

Type: UINT

Inputs (Assembly 769) | Outputs (Assembly 768)

bt Size (Bytes)
Connection1_Input1 2
Connection1_Input2 2
Connection1_Input3 2
Connection_Input4 2
Connection_InputS 2

Add Variables... Accept

The tool software will automatically generate the default names as shown. The User can change
the variable name either by editing or at the time of creation as shown below...
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Add Variables X

Base Name: MylnputSwitch

Mumber of Varnables: ‘5| |

| OK ‘ ‘ Cancel

Here the default Connection1_input base name is changed to MylnputSwitch. When
customizing the names it is users’ responsibility to create unique names to avoid programming
errors.

Each individual variable name is supported with a context menu. The menu is quite simple and
self-explanatory. It looks like this...

Connection1_Input2

Connection1_lnput3 ' Edit F2
: ®  Select All Ctrl+A
Connection1_Input4 l
- Move Up
Connection1_Input5 Vove Down .
MyInputSwitch1 5| Deice . l
MyInputSwitch2
MylnputSwitch3
MylnputSwitch4
MylnputSwitch5

Similarly, the User can configure output assemblies and other necessary connections.
On completing the configuration of Input and Output assembilies, press Accept. The Accept
button is per connection and will not be applied to all.

On completing the EIP configuration press Accept. Accept is per connection.
Note

Once Accepted, it will create ethernetip.pmh and ethernetip.h to be used in programming the
Power PMAC.

These newly created variables are available in the program editor and in the IntelliSense view.
The project tree will now look like this...
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4 C Language
b Background Programs
b CPLCs
4 Include
[ pp_praj.h
Libraries
b Realtime Routines
Configuration
Documentation
Log
PMAC Script Language
4 Global Includes
[ global definitions.pmh
| [ ethernetip.pmh
Kinematic Routines

AT T T

The variables are well organized per connection and can be collapsed or expanded per
connection.
The ethernetip.pmh will look like this...

ethernetippmh & X

utl Eip[0].Input.Sdata(e)
Input2 Eip[@].Input.Sdata[1]
Input3 Eip(0].Input.Sdata(2]
ctionl_Inputd Eip[@].Input.Sdata[3)

utSwitch3 Eip[0)
vitchd Eip[0).Input.Sdata[8)
tchs Eip[0).Input.Sdata(9]

Watch EtherNet/IP Variables

This context menu option allows the User to monitor/set (write-only) EtherNet/IP configured
variables. On clicking it the Watch EtherNet/IP Variables dialog will be opened, displaying
currently downloaded EtherNet/IP configured variables, as shown below...

Watch EtherNET/IP Variables will automatically update the read and write variables on
activating the EtherNet/IP.

The User can write to Output variables depending on their byte size. If the value is more than
the byte size, it will be indicated with RED square
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Variable
@ Connection1

VBytesiValue \ Modify

watch Emeret/P Variables = < [N |

Data Type 1/0

Connection1_Input1  UINT
Connection1_Input2  UINT
Connection1_Input3  UINT
Connection1_Input4  UINT
Connection1_Input5 UINT

MylinputSwitch1 UINT
MylnputSwitch2 UINT
MyinputSwitch3 UINT
MylnputSwitch4 UINT
MylinputSwitch5 UINT

Connection1_Output1 UINT
Connection1_Output2 UINT
Connection1_Output3 UINT
Connection1_Output4 UINT
Connection1_Output5 UINT

Input

J

Input
Input
Input
Input
Input
Input

Input

Input

|

Output
Output
Output
Output
Output

Olo|C|0o|C|O|OCO|0|0O|0O|0C|C|OC|O0|OC

2
2
2
2
2
2
2
Input 2
2
2
2
2
2
2
2

User can read
the output

User can set
the output

Project System

Watch EtherNet/IP variables window requires the project to be built and
i downloaded to Power PMAC.

Note

If the Watch EtherNet/IP Variables menu is opened without a project built and downloaded, the
following will be displayed...

Value

stdin:1:1: error #20: ILLEGAL CMD: Connection1_Input1

stdin:2:1: error #20: ILLEGAL CMD: Connection1_Input2
stdin:3:1: error #20: ILLEGAL CMD: Connection1_Input3
stdin:4:1: error #20: ILLEGAL CMD: Connection1_inputd
stdin:5:1: error #20: ILLEGAL CMD: Connection1_Input5
stdin:6:1: error #21: ILLEGAL PARAMETER: MyinputSwitch1
stdin:7:1: error #21: ILLEGAL PARAMETER: MyinputSwitch2
stdin:8:1: error #21: ILLEGAL PARAMETER: MylnputSwitch3

stdin:9:1: error #21: ILLEGAL PARAMETER: Myin

itch4
stdin:10:1: error #21: ILLEGAL PARAMETER: MylnputSwitchS
stdin:11:1: error #20: ILLEGAL CMD: Connection1_Output1
stdin:12:1: error #20: ILLEGAL CMD: Connection1_Output2
stdin:13:1: error #20: ILLEGAL CMD: Connection1_Output3
stdin:14:1: error #20: ILLEGAL CMD: Connection1_Outputd

stdin:15:1: error #20: ILLEGAL CMD: Connection1_Output5

Connections ¢

Variable Data Type 1/0 Bytes
@ Connection?

-
Connection1_Input2  UINT Input 2
Connection?_Input3  UINT Input 2
Connection1_Inputd  UINT Input 2
Connection_Input5  UINT Input 2
MylnputSwitch1 UINT Input 2
MylnputSwitch2 UINT Input 2
MylinputSwitch3 UINT Input 2
MylinputSwitch4 UINT Input 2
MylnputSwitchS UINT Input 2
Connection1_Output1 UINT Output 2
Connection1_Output2 UINT Output 2
Connection1_Output3 UINT Output 2
Connection1_Output4 UINT Output 2
Connection1_Output5 UINT Output 2

Values shown may not be correct because the
To ensure they are in sync please "Build and Download All Programs’.
Update Period: < 100/ > ms

Modify

in this project is different from the device.

£ EtherNet/IP is not activated. Please activate EtherNet/IP in order for the variables to be updated with their actual values.

e e voaves < R
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Activate/Deactivate EtherNet/IP

This menu is for activating and deactivating EtherNet/IP. When necessary EtherNet/IP setup is
completed, the User can build and download a project. To test EtherNet/IP, right click on the
EtherNet/IP node and select ‘Activate EtherNet/IP’. On success, the node will display its status
like this...

4 8 EtherNet/IP (Activated)
;;r;._j Connection
;{;._3 Connection?
Motors

Activate EtherNet/IP sends Eip.Enabled = 1 command to Power PMAC. The
User is required to enable the individual connection for testing using
= Eip[n].Enabled = 1 from the Terminal Window where n is the connection

number(32 max)
Note

To deactivate, please right click on the EtherNet/IP node. Now the menu will display ‘Deactivate
EtherNet/IP’. On success, the node will display its status like this...

4 B EtherNet/IP (Deactivated)
g;';_j Connection

;;r;_] Connection2
Motors

Deactivate EtherNet/IP sends Eip.Enabled = 0 command to Power PMAC. The
A User is required to disable the individual connection for testing using
pd Eip[n].Enabled = 0 from the Terminal Window where n is the connection
Note number(32 max)

EtherNet/IP Configuration Steps

Here is a basic step to create an EtherNet/IP configuration.

Requirement: Power PMAC with factory installed 2.5.4.x FW that supports EIP as an Adapter
(Slave) to a NJ/NX as Scanner (Master) with Sysmac Studio

1. Create a Power PMAC project using Open New dialog like this...
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Select the ‘Power PMAC with EtherNet/IP’ project type. If you open the normal Power PMAC
project, then you will need to add an EtherNet/IP node.
Set the appropriate Update Rate in usec...

EtherNet/IP (Deactivated)
&1 Connection1

Update Rate (usec) 500

H Misc
Folder Name EtherNet/IP (Deactivate

Folder Name
[Name of this folder

2. Add EtherNet/IP connection(s)
Right Click the EtherNet/IP node to add the connection(s)

3. Add variable(s) into input/output assembly in each connection and Accept variables.
Remember: only one variable data type is allowed per connection.
On accept, make sure the ethernetip.pmh and ethernetip.h are created under the project
node, as shown here...

4 C Language
3 Background Programs
b CPLCs
“ Include
[ pp_proj.h
Libraries
b Realtime Routines
Configuration
Documentation
Log
PMAC Script Language
Global Includes
[ global definitions.pmh
[ ethernetip.pmh
Kinematic Routines

[

4. Build and download the project
This is an important step in the EtherNet/IP configuration. Build and download creates the
ethernetip.xml file. Download copies the file to the Power PMAC project configuration
location. This file is important for EtherNet/IP data transfer. This file is not visible in the
project as the file is maintain by the tool software. This file must not be altered by the User.
The file looks like this...
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kpowerEMAC>
<ethernetIP userMode="0" verbose="false" updateUSecs="500" enaOnStartup="true">
<interface vendorId="47" name="eth0" macId="NA" ipAddress="NA" subnetMask="NA" gateway="NA" domainName="deltatau.com" hostName="PowerEMAC" />
<connPath0 valid="1" enaOnStartup="true" verbose="0">
<output0 assemNo="768" paramCount="0" size="0" />
<explicit0 assemNo="770" paramCount="0" size="Q" />
<configl assemNo="771" paramCount="0" size="0" />
<input0 assemNo="769" paramCount="0" size="20" />
</connPath0>
<connPathl valid="1" enaOnStartup="true" verbose="0">
<outputl assemNo="772" paramCount="Q" size="0" />
<explicit]l assemNo="774" paramCount="0" size="0" />
<configl assemNo="775" paramCount="0" size="0" />
<inputl assemNo="773" paramCount="Q" size="0" />
</connPathl>

5. ltis recommended that after building and downloading, to save the project and issue the
$$$ command. This will automatically enable EIP. Please refer the above ethernetip.xml file
image, | particular the following attributes:
enaOnStartup="true" This is for EIP level and command is Eip.enabled = 1
enaOnStartup="true" This is for connection level and the command is Eip[0].Enabled = 1
These are set to true, and this is the reason that after saving and issuing the $$$ command,
the EtherNet/IP automatically gets activated.

If the project is not saved, then the User will be required to activate the EtherNet/IP by right
clicking the node and then individually enabling the connections from the Terminal Window.
Please refer to the Activate EtherNet/IP section.

6. At this stage we expect the NJ/NX Scanner (master) is configured to communicate with an
adapter using Sysmac Studio. This setup is out of scope for this manual. Please refer to
Sysmac Studio documentation.
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Motors — Context Menu

Right click on Motor node for available context menu.

Scope to This
Mew Solution Explorer View

A Properties Alt+Enter
Add a Motor...

Add Motor

You can add a motor by right clicking on the motors node and select add motor

Scope to This
B New Solution Explorer View

K Properties Alt+Enter

Add a Motor...

Motor Context menu is dynamic. When any motor is added to the project a new menu
dynamically become visible, as shown below...

I § MasterU (Deactivated)

H Properties Alt+Enter

Scope to This
B New Solution Explorer View

Add a Motor...
I Sync All Motor Settings (PMAC to Project) |l

The Add motor dialog will open. The User can select a single or multiple motors to add, up to
Sys.MaxMotors. If a motor already exists in the project this motor number will not be added but
other selected Motors will.

The User will also be able to select a previously saved Template to use for the Motor
configuration.

IDE V4.2 onwards Motors added to the project will be displayed in a natural
B order

Note
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Add Motor x

Motor Number(s): |1 Eg. 1-58,12
Template: None
Topology:

o Motor values will be uploaded from the PowerPMAC.

OK Cancel

In the IDE the motor configuration is in the form of a Topology view.
Currently there are six types of Motor configuration supported thorough Topology diagrams.

Single feedback

Dual Feedback

EtherCAT

Galvanometer

Step & Direction (No Feedback)

Virtual (No Feedback)

Direct Microstepping (no Feedback)

The Topology dropdown is blank by default as the User needs to select the Topology type.

Single Feedback

Dual Feedback

EtherCAT

Galvanometer

Step and Direction (No Feedback)
Virtual (No Feedback)

Direct Microstepping (No Feedback)

When a Motor is added to a project the motor structure elements are saved

to a file. Any motor structure element changes within the project domain will
A be automatically updated and maintained within the file. When the build is
ol performed the motor file will be used to generate the systemsetup.cfg file.

Note No backup is needed for the motor parameters as long as the changes are
being made in the project system.

The following section will describe different Topology available for Add Motor menu.
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Topology Colour code

This block is unavailable for setting either the previous block is not completed or
Encoder this block is not needed for the current type of topology.

This block has completed and settings are Accept.

" Amplifier v

’ Motor V{ This block is ready for setup as the previous condition is met

m When hoovering the mouse indicates this block can be selected to set

Common Motor Topology navigation guidelines

The Topology is a guide through the various blocks. Once a block is accepted the next Block
will be made available to edit.

Click Database icon = to open part manager where user can Add/Modify/delete Amplifier
database.

Click Save ! icon to save the Amplifier setting

Amplifier =)

The tick indicates that a view has been opened and that the data has been Accepted.

v Amplifier i]

user can set the second encoder and in hardware interface block can set

The difference in the single and dual feedback is that in dual feedback the
the pEnc2 address differently.

Note
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Topology- Single Feedback
The Single Feedback Topology is for a Single feedback solution, for position only.

If a Single Feedback Topology is selected, a Single Feedback Topology view will be displayed,
and the selected motor will be added under the Motor node in the Solution Explorer.

Motorl & X

Single Feedback Type

PowerPMAC v Amplifier - v Motor (<] v Encoder -
Servo period Delta Tau Data Systems, Inc. 3 pittman pittman
0443 miser 3U AMP1 (603489) 9412H52 9412H52
PhaseOverServoPeriod :
0250 Control Type Type: Quadrature
Torque User Units
Signal Type 2000 | counts per (i)

Analog Millimeter (mm)

Input Voltage (VDC) Reset to raw units
24

v Hardware Interface Position/Velocity: Quadratur I

v Interactive v Safety Review v TestandsSet v Basic Tuning
Feedback
i Commission Motor Jog

Jog

5| @
!

On Servo

2

Topology: | Single Feedback v

Topology- Dual Feedback
The Dual Feedback Topology is for a Dual feedback solution; one for position and one for

velocity.

If a Dual Feedback Topology is selected a Dual Feedback Topology view will be displayed and
the selected motor will be added under the Motor node in the Solution Explorer.

Dual Feedback Type

PowerPMAC v Amplifier - v Motor - v Encoder -
iod | Detta Tou Dota Systems, Inc Pittman "] primary Feedback
3U AMP1 (603489) 9412152 Pittman
9412H52
Type: Quadrature
Signal Ty Secondary Feedback
Analog Pittman
9412H52
| input Vottage (vOQ Toe: usdiatis
L= User Units

2000 counts per o

Revoll

| Reset

Pesition: Noris
4 Hardware interface_ N .
Velogity: Non:
Interactive Safety Review Test and Set Basic Tuning
Feedback

I
{
Commission Motor Jog =
. S - &

SevoOn | Servo OFf |

Topology: | Dual Feedback
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Topology- EtherCAT
The EtherCAT Topology is for setting up an EtherCAT motor using an EtherCAT slave amplifier.

If an EtherCAT Topology is selected an EtherCAT Topology view will be displayed and the
selected motor will be added under the Motor node in the Solution Explorer.

EtherCAT Type

v PowerPMAC . EtherCAT Slave Drive  t User Units

1 counts per i ]
No slave drive selected - None Selected

Control Type

Axis:  Single Axis Multiple Axis

‘ Hardware Interface
Iﬁtera’cﬁve 7 -S/;féty HR‘ev’i’ew ) 7Bas‘i’c’ "I;unirng
Feedback

I
!

‘ Commission Motor Jog @

Jog

2 EtherCAT is Deactivated...

Topology dropdown allows the User to change the type of Feedback type. The User cannot go
from Single Feedback or dual feedback to EtherCAT and vice-versa.

Once the motor is added it will show up under the Motors node as shown below:

4 |7 Motors

&1 Motor2

When the previously saved project is open that has motor and on opening if the Motor folder
shows the motors like this....

The Yellow warning sign indicates that the project cannot find the associated motor file. In this
case either user must locate the file if it is accidently got deleted. Worst case user will require to
add the motor again as the settings are lost.

4 Motors
A] Motorl
£ Motor2
4] Motor3
4] Motord
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Topology- Step & direction (No Feedback)
The Step & direction (No Feedback) is setting the PFM mode and there is no feedback.

Project System

If a Step & direction (No Feedback) Topology is selected a No Feedback Topology view will be
displayed and the selected motor will be added under the Motor node in the Solution Explorer

Step and Direction (No Feedback)

Power PMAC

Servo Period
0443 msec

PhaseOverServoPeriod

v Amplifier

Gaeko
G12345

] v

Motor w

= mStep Inc

S$1234

User Units

1 counts per

None Selected 2t
0.250 Control Type

Velocity \4

Signal Type
Step&Direction 2

l v Hardware Interface l_

I

A PEM

Max Pulse Frequency
0 kHz

Min Pulse Width
0.00%

!

Commission

Motor Jog
Fe - &

[ Servo On ]

Servo Off

The PFM block allows the User to set up a Motor (Stepper) with no feedback. After following the
topology workflow, when the PFM block is clicked, the User will see the dialog shown below.

This page will be prepopulated based on the Max frequency entry from the Amplifier page.

_
PFM Settings
Max Pulse Frequency: 175] kHz
PFM Clock Frequency: 3125 kHz i)
usec
Pulse Width 480§ o armax @
25.00% 8960%
Motor Max Output Value: 3670
Invert Direction Polarity:
Structure Element
Description:
Range
Default value:
Home Back Accept
—
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The following screen shots explain important properties and their settings.

PFM Clock Frequency: 3,125 kHz (i ] Pending Change|
i dthe Hsec The frequency of the clock used to generate the PFM signal, where the period of the clock is the minimum possible pulse width,
Pulse Width: 480 o
% at fMax | Tpjs frequency starts at 100 MHz (Gate3) or 39.3216 MHz (Gate1) and is divided by 2*(PFM clock divider), giving the following equation:
25.00% 89.60% 3125 kHz = 100000 kHz / 32
e O usec
Pulse Width: 4480| G o 2t fMax (i ] Iu .
25.00% 89.60% The width of a single pulse in the PFM signal, which must be a multiple of the period of the above PFM clock.
This is set on the device as the number of cycles a pulse lasts, as shown by the following equation:
Motor Max Output Value: 3,670 44.80% = 100 * 2.56 psec / (1000 * 1/175 kHz)
where 2.56 is the pulse width in microseconds, calculated by the following equation:
Invert Direction Polarity:  [] 2.56 usec = ( 8 ) * 1000/(3125 kHz)

Topology- Galvanometer
The Galvanometer Topology is for setting Galvo using CK3WGCxxx or Acc84 with either XY2-
100 or SL2-100 protocol. On adding motor it will look like this..

Galvanometer

; Pr
Add Motor X v otocol Settngs
Motor Number(s): 1 £g.1-5812
Template: None
Topology: v
Single Feedback
O Motorsavedstr] >0
Dual Feedback
EtherCAT
(A —
Step and Direction (No Feedback)
Virtual (No Feedback ace  COXIWGC]T)Chani0]

:~ e B o — |
O = &
ServoOn ServoOff

User needs to Accept Protocol setting by selecting protocol from dropdown. Depending on card
option protocol will be added to the list. User will also needs to enter number of bits. This all

information is available with the amplifier that is used to control the galvo. Last select the type of
parity. Default is Even parity.

Hardware interface page will display available channels based on the hardware detected.
Accept the connected channel and Galvo is ready to go!

Power PMAC message window will display all the values that are downloaded to Power PMAC.
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Galvanometer

. Power PMAC Protocol Settings
Servo Period Protocol Hardware Mismatch
0443 msec
PhaseOverServoPeriod Parity Odd Even
0.250
No. of Bits No Bits s
Foy Hardware Interface
Channel Interface  : Hardware Mismatch ~
Accept

Commission I Motor Jog

Jog

If Hardware mismatch is displayed (Above image) under Protocol settings and Hardware
interface this means the detected hardware does not support Galvanometer Topology.

Topology- Virtual (No Feedback)
The virtual Motor topology is setting virtual motor. From Add Motor menu select Virtual (No

Feedback) topology. It will show like this.

Virtual (No Feedback)

Power PMAC

Servo Period

0443 msec
PhaseOverServoPeriod J

0250

[V Test and Set v Basic Tuning
Motor Numberis) 1 Eg 15412
Temglate Nene
Topology: v
Sngle Feedback

—
[ Commission Motor Jog G|
] S » &

Servo On | | Servo Off |

Adding virtual motor is simple as shown above once motor is added you are ready to Jog the
motor in any direction. All the Topology blocks are Green meaning completed and settings are
Accepted and downloaded to Power PMAC. Power PMAC Messages window show you what is
downloaded to Power PMAC.
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Topology-Direct Microstepping (No Feedback)
The Direct Microstepping topology is mainly used with Power Brick LV. From Add motor select

Direct Microstepping topology and follow the workflow as shown below...

Add Motor X

Motor Number(s): 2 Eg.1-5812
Template: None

Topology:

Single Feedback
Dual Feedback
EtherCAT
Galvanometer

© Motor saved str

| Step and Direction (No Feedback)
Virtual (No Feedback)
| Direct Microstepping (No Feedback)

Direct Microstepping (No Feedback)

Sync All Motor Settings (PMAC to Project)

On selecting this option it will update the configuration for all the motor that are added under the
motor Node. This command is useful to synchronize Motor structure element between Power
PMAC and motors that are present in the project under Motor node.

Motor — Context menu

This menu is available when any type of motor is added and displayed under Motors node.

Right-clicking on a motor node will open a context menu containing various useful operations as
shown below

¢ Open
Compare <% Compare this motor with another motor
Scope to This
B New Solution Explorer View
¥ cut Ctrl+X <«— Cut this motor to paste
o Copy Ctrl+C <«4— Copy this motor to paste
X Delete Del “4— Delete this motor
Troubleshooters <+ ¥ Select the Trouble shooter for this motor
Sync Motor Settings (PMAC to Project)e Upload this motor structure element to the project
Export as Rem Template.. < Export this motor as an Item Template to be reused
F Properties Alt+Enter
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Project System

The compare feature is available for motors or coordinate systems. It allows the comparison of
motor structure elements or coordinate system elements. The structure elements are
categorized. A maximum of nine motors or nine coordinate systems can be compared at a time.
The Compare motor function is available from the Power PMAC menu or by right clicking on the

Motor in the Solution Explorer.

The following dialog shows the Compare feature being accessed from the Power PMAC menu.

Power PMAC | EtherCAT  Window  Help

-1

|Ta;kManager Plot =

Communication Setup -
Terminal

Position

Watch

Status

Power PMAC Error

Power PMAC Unsolicited
Jog Ribbon

Power PMAC Messages
Encoder Conversion Table
Update Firmware

Install Package

Device Imaging

i B e 1« B {1RE] B 6] € 5] =

Backup Restore

Teols 3

Troubleshooters 3

Compare ' @ Motors

Part Managers » | (] Coordinate Systems
X Kill Motors Crl+AleK | [ Gates

The default view shows all the Motor structure elements. These can be hidden by selecting the

arrow to the left of the name.

Make selected Motor
as Primary for
comparison

Manage Motor
for comparison

Manage comparison
categories

Range: 0.3
Default value: 0

Information
about element

Compar
Command Default Motor2 Motor3 Motord Motors

~) Serve
Dacshit ° 0 ° °

~) Addressing
AmpFaunBa 2 2 2 23
BrakeOutBit [ — 9 9 9 9
CaptFlagBe 9 19 i i)
EnclossBa 0o 0 o o
LimaBas 25 25 23 23
MotorNodeOffset 0 o ° o
pAbsPos [} 0 0 o

s ACC24E2A14).Chan{ 1).Ctrla Acc24E2A14) Chan(2) Ctrla ACC24E2A14).Chan{3).Cirla Sys.pushm
pAmpFault tatus.a  Acc24E2Al4LChan{1]Status.a  Acc24E2Al4)Chan{2)Status.s  Acc24E2Al4).Chan(3)Statusa O
pBrakeOut 0 0 0 o
pCaptFlag tatus.a  ACC24E2Al4).Chan{1]Status.a  Acc24E2A[4)Chan(2]Status.a  Acc24E2A[4).Chan{3)Statusa  Sys.pushm
pCaptPos lomeCapts Acc24E2A14]. Chan{ 1] HomeCapt.a Acc24E2A14).Chan{2) HomeCapt.s Acc24E2A[4].Chan{3} HomeCapt.a Sys.pushm
pDsc suto-config wmi0ls  Acc4E2AI4LChan{1LPwm{0].s  Acc24E2A[41.Chani2].Pwmi0ls  Acc24E2A14).Chan(3}Pwmi{0l.a  Sys.pushm
pEnc EncTable{2].a EncTable(3].a EncTable{d].a EncTable(5).s
pEnc2 EncTable{2).a EncTable(3).a EncTable{4).a EncTable(5).a
pEncCul suto-config s Acc4E2AI4).Chan(1).Ctrla Acc24E2A14).Chan{2).Curlas Acc24E2A14).Chan{3}.Ctrls Sys.pushm
pEncloss 0 o 0 o
tatuss  Acc24E2A[4LChan{1]Status.a  Acc24E2Al4).Chani2)Status.a  Acc24E2A[4).Chan{3)Status.a  Sys.pushm

pLimits tatus.a  Acc24E2A[4).Chan{1)Status.s  Acc24E2A[4)Chan{2)Status.a  Acc24E2A[4).Chan(3)Statuss 0
pMastesEnc EncTable(0).s EncTable{0).s EncTable{0La EncTable{0).s

Structure Element: BrakeOutBit

Description: B8 % of brake output fine in pBrakeOut register

EncTable(6).a
EncTable{6).a
Sys.pushm

0

Sys.pushm

o
EncTable(0].0

Motor7 Motor8
0

23 2

9 s

19 9

0

25 +]

0

0

Sys.pushm Sys.pushm

)

0 -
Sys.pushm Sys.pushm
Sys-pushm Sys.pushm
Sys.pushm Sys.pushm
EncTable(7).a EncTable(8).a
EncTable(7].a EncTable(8).a
Sys.pushm Syspushm

0 )
Sys.pushm Sys.pushm

0 °

EncTable{0).s EncTable(0].0
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Copy

Right click on Motor to Copy motor settings. All the settings except addresses are copied for
paste motor. Copy motor not supported for virtual motor.

A Copy Motor function not available for Virtual(No Feedback) type motor
d topology

Note

Paste

User can paste the motor by right clicking on Motors folder. This is dynamic menu if the Motor is
copied only then this option will be available.

Only Amplifier, Motor, Encoder blocks are copied user will still require to go to Hardware
interface and click Accept and then continue following the topology blocks

Troubleshooters

Troubleshooters are available which can generate reports and help in identifying or analysing
the Power PMAC structure elements. The menu is accessible from the Power PMAC Menu or
by right clicking on the Motor in the Solution Explorer.

The following dialog shows the Compare feature being accessed from the Power PMAC menu.

Power PMAC | EtherCAT  Window  Help
Communication Setup
Terminal

Position

Watch

Status

Power PMAC Error
Power PMAC Unsolicited
Jog Ribbon

Power PMAC Messages
Encoder Conversion Table
Update Firmware

Install Package

Device Imaging

& 51 1c 1 B 1101 P K6l $ M %

Backup Restore

Tools 3
I'I'roubleshooters ] I
Compare 3
Part Managers r
> Kill Motors Ctrl+Alt+K

The available Troubleshooters are
1.  Motor Report
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2.  Why is my Motor not moving
3.  Why is my motor moving slowly

Layout

The dialog below shows the Troubleshooter for “Why is my Motor not moving”. The default
location of this dialog is the Editor window. The dialog can be moved as required by dragging it
to another docking point.

Troubleshooter - Why is my Motor not moving? v B X
Motor: 17@ Why is my Motor not moving? v Filter: | Errors and Warnings v
Name Structure Element Value Expected Value
@ Motor Setup Issues 2
Q Motor Activated Test Motor[1].ServoCtrl 0 1 i)
(A) Settings Inhibiting Motion
€3 Motor Prefilter Enab... ZException® (i ]
€3 Coordinate System... Coord[0].FeedHold 0 >0 @
@ Appear To Inhibit Motion
1. Too Slow JogSpeed... Motor[1].JogSpeed or Mo... O
1 Too Slow JogTa OrJ... Moter[1]JogTa or Motorl... O ~
Completed at 9/8/2017 2:03:39 PM § Online
Symbols Function
Motor: | 1 @ Allows to change the motor number

This Combo box allows the selection of the
troubleshooter type. The available Troubleshooters are:

Motor Report =

Why is my Motor not moving?  ~
1 Motor Report

Why is my Motor not moving?

1 Why is my Motor moving slowly?

Filter This Combo Box allows the choice of what to display in
the report. The possible choices are:
All b E
1 Errors and Warnings
Errors
Warnings
1A

The default is set to Errors and Warnings.
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To export the report in a .csv format.

X Indicates a Test has failed.There is an error in the
setting of the setup element.

I Indicates a warning. Further analysis is needed for that
. particular setup element.

o Indicates that the Test has passed

(i ) More detail information is available for the error or

warning only.

Completed at 9/8/2017 2:40:58 PM Status bar showing test execution progress.

Di Indicates if the Power PMAC is either Online and
=== connected or Offline and disconnected.

Sync Motor Settings (PMAC to Project) Upload

Upload motor gives the ability to upload the currently saved motor structure elements from the
Power PMAC to the project.

On selecting this option, a confirmation dialog will be displayed as shown below:

Upload

o Are you sure you want to upload settings from device '10.150.168.237'7

On Clicking Yes, if the Motor View Editor is open in the IDE, a confirmation dialog will be
displayed confirming that any unsaved data will be lost by performing the upload.

Upload

The following items are open and any unsaved changes will be lost.
Are you sure you want to continue?

Motorl
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On a successful upload the motor in the project will be synchronized with the Power PMAC

motor structure elements.

This option is useful if the Motor structure element has been changed outside of

project domain such as in the Terminal window.

Note

Export as Item Template

The Motor can be exported or imported as item templates. All the motor settings will be
exported during this process.

The typical use of the Motor template is to setup a complete Motor, including Custom Amplifier

and encoder, and then share this with another user.

This User can then Import the Motor, using Import item template option, and use it in their
project saving the time of having to create the Motor from new.

If the Power PMAC hardware is identical then user will not need to do complete motor setup for
the imported motor.

Using this option the User can:

Export a Motor in order to use it in another project

Import a Motor to reuse in their own project

Create a new Motor/ from an Imported Motor/ Item Template

Choose whether or not to automatically Import an Item Template into Power PMAC IDE
project at the point that it is exported

Use a motor template based on a custom amplifier or motor definition that is not present
in their system

Is warned if they try to Export a motor template targeting multiple gate addresses

Is warned if they try to create a motor from a template and their system does not have a
suitable gate available so that it is clear that the Hardware Interface page will need to be
updated

Check they have the correct template by viewing the motor manufacturer and model
number in the template

Be sure that a motor that is created from a template will have the correct encoder
information as this is saved on creation of the template

Delete imported Custom ltem templates

To export a Motor settings as a Template the user will need to right click on Motor node under

Motors and choose the “Export as Item template” option as shown below:
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4 L Motors
L) VICHR LN
¢* Open
Compare
Scopeto This
New Solution Explorer View
Cut
Copy

X Q% B

Delete
Troubleshooters
Upload
Advanced Tuning

Export 3 Item Template...

> —El

Properties

Crle X
CtrteC
Del

Alt«Enter

Project System

On selecting the option, a new export item template dialog will be displayed, as shown below:

Export [tem Template

Template: Motorl

*

Description: |This is my Step and Direction Motor Template|

Ch\Temp\MyTemplates

Export options: Export to the following folder:

Automatically import the template into Power PMAC IDE

Browse...

oK

|| Cancel |

On selecting Ok the acknowledge message will be displayed and template will be exported and

stored into the location defined in the dialog.

Export ltern Template

‘ChTemp',

o ‘Motorl” was imported successfully.

The Item Template ‘Motorl’ was successfully exported to

The User has ability to store the template to any folder by ticking the “Export to the following

folder” checkbox.
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By default, the template will be imported to be used in the current instance of the IDE. Un-ticking
this check box will not import the template into the current instance of the IDE.

By Default, the template will be available as shown below when Add motor is selected....

Add Motor X
| Motor Number(s): 2 Eg.1-5812
Add Motor X
Template: Motor1
Description: This is my Step and Direction Motor Template
Motor Number(s): 2 Eg.1-5812
Template: None Y
Amplifier: Manufacturer: | Gaeko
None
Topology: =
Motor1 I Part Number. | G12345
© Motor saved structure element values will be uploaded from the Power PMAC. Motor Manufacturer: |mStep Inc
(] Part Number: 51234
Cancel
Topology: Step and Direction (No Feedback)
) Values from the template will be downloaded to the Power PMAC.
’ ‘ oK [ Cancel |

Topology Blocks

Please make sure that it is safe to setup a Motor using System Setup.
Following Topology Blocks sets Power PMAC structure element.

User Unit,
A Hardware Interface Block,
L2 Interactive Feedback Block,

Note Test and Set,
Basic Tuning,
commissioning block.

Amplifier block

The User can select the Amplifier from the topology block as shown below. As displayed in this
screen the Amplifier can be selected from a list of Delta Tau Amplifiers or, if the Amplifier is not
listed, can be added i.e. if a 3™ party amplifier is being used:
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Delta Tau Data Systems, Inc.
3U AMP1 (603489)
Control Type
Torque
Signal Type
Analog
Input Voltage (VDC)
48

Project System

A standard filter is available to choose the amplifier. The User can choose the control and signal
type and input voltage right on the topology block and press Save icon to set the amplifier for

the motor. On success the block will turn Green with check mark indicator.

Open amplifier database to
add/append/delete custom
amplifier

Select Amplifier

//a

| Deita Tau Data Systems, Inc. v
3U AMP1 (603489)
Start typing to filter items
Manufacturer: | All Manufacturers - i
Manufacturer Part Number -
Custom AMP1 123A8BC
N Delta Tau Data Systems, Inc. 3U AMP2 (603443)
Delta Tau Data Systems, Inc. 3U AMP4 (603486)
Delta Tau Data Systems, Inc. 3U042
Delta Tau Data Systems, Inc. 3U081
ﬂ Delta Tau Data Systems, Inc. 3U151 ~

From IDE V4.3 the amplifier database view is changed.To add a new Amplifier entry into the

database, click on the database =] icon . This will open new and improved amplifier view. The

same view can be open from Power PMAC menu under Part Managers.

Part Managers

» | @ Ampiifier Definitions
E Motor Definitions
W Encoder Definitions

The User does not need to open a project and add Motor to add

Amoplifier/
Note

Motor/Encoder parts in the database.
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The amplifier part manger view looks like this when opened from Topology block.

Delete custom amplifier from
database
Defta Tou Dota Syrtema

Mew

Click to add New amplifier.

Edit custom amplifier
parameters

Amplifier parameters based
on control and signal type

Descrpon

+ Topelogy

Seient Ampldar

If the view is open from Topology view If the view is open from Topology view
then Click this button to navigate back to then clicking this button will navigate
topology block

back to Amplifier topology block

The User cannot edit or delete if the amplifier is a Delta Tau Amplifier. To add a new amplifier
press ‘New’ and enter the amplifier parameters from the amplifier manufacturer brochure.

To edit a saved amplifier's parameters, select the amplifier from the drop down and then press
‘Edit’.

To delete the amplifier from the database, select the amplifier from the drop down and then
press ‘Delete’.

The amplifier part manager view looks like this when open from Power PMAC Menu...

Amplifier Definitions

Custom AMP1 New Edit Delete

12ne Click to add New amplifier. ]7" /
General

Manufacturer.

Editcustom amplifier
parameters

Part Number:

Delete custom amplifier from
databa:
Control Type:

Signal Type:

Power Ratings
Transconductance: Amps / Volt
Maximum Input Voltage:

Continuous Current

Amplifier parameters based
on control and signal type

Instantaneous Current:

Time Allowed: Seconds

Amplifier Fault Polarity:

Amplifier parameters
short description

Description: Specify the Maximum Input Voltage rating
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The add new amplifier view looks like this...

Ampldier Defintions XA

No ltem Seiected
General Save entered
Manufacturer data to database Cancel all the
Part Num
ocity [Torque . + PWM . tepping

changes

Amplifier parameter entry

Description: Supported Control Mode

Settings parameters are dynamic based upon the control and signal type.
Once all Amplifier parameters are entered click Save.

Amplifier Parameters
The Amplifier parameters needed are described in detail below:

Amplifier Manufacturer
e Manufacturer: The name of the company which makes the Amplifier.
e Part Number: A unique part number to identify the Amplifier's model.

Supported Control Mode

e Velocity Control: Set this to True if the Amplifier interprets the control signal it receives
from the Power PMAC as a velocity command e.g. this is common for Amplifiers which
close their own position loop such as Amplifiers commonly used for spindles.

e Torque Control: Set this to True if the Ampilifier interprets the control signal it receives
from the Power PMAC as a torque command. In this mode the Power PMAC closes its
own position and velocity loops. This is the recommended mode for most applications as
it permits complete control over the current, position and velocity loop gains from within
the Power PMAC.

e Sinewave Commutation: Set this to True if using two DAC lines per motor to command
an amplifier which performs Sinusoidal Commutation.

e Direct PWM Control: Set this to True if using a Direct PWM amplifier which expects a
PWM control signal.

Supported Signal Type

¢ Analog Command: Set this to True if the Amplifier expects to receive an analog voltage
as its control signal.

e PWM Command: Set this to True if the Amplifier expects to receive a PWM signal as its
control signal.
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e Step and Direction Command: Set this to True if the Amplifier expects a Step and
Direction (PFM) command as its control signal.

Power Ratings
¢ Maximum Input Voltage
o Voltage (Volts): Specify the maximum bus voltage which can be applied to the
Amplifier.
o Type: Specify VAC if the number typed in the Voltage field is AC voltage or
specify VDC if that number is DC voltage.

e Continuous Current

o Continuous Current (Amps): Specify the continuous current rating for the
Amplifier.

o Unit: Specify whether this is Amps RMS (type Amp_RMS) or Peak Amps (type
AMP_Peak).

¢ Instantaneous Current

o Instantaneous Current (Amps): Specify the instantaneous current rating for the
Amplifier.

o Unit: Specify whether this is Amps RMS (type Amp_RMS) or Peak Amps (type
AMP_Peak).

e Time Allowed (Seconds): Specify the maximum amount of time the Amplifier can tolerate
its instantaneous current specification. Usually this is around 2.0 seconds, but it can vary
between Amplifiers.

¢ Input Voltage (VDC): Specify the actual amount of voltage [VDC] to be applied to the
Amplifier. This parameter is moved to topology block.

e Amplifier Fault Polarity: If the Amplifier expects a low-true logic signal for an Amplifier
fault set this to Low True. If the Amplifier expects a high-true logic signal for an Amplifier
fault set this to High True.

Current Feedback Information
e Maximum ADC Current: This is the largest absolute magnitude of current [Amps] which
the Amplifier's current ADC sensors can read.
e ADC Header Bits: This is the number of bits used for the current ADC'’s status.
e ADC Resolution (bits): This is the resolution [bits] of the Amplifier's current ADCs.
e PWM Dead-Time (microseconds): This is the dead-time specified for the Amplifier.

Verify all the contents of each of the fields specific to the Amplifier's
= parameters before moving on as these will be used in subsequent setup
Mot calculations.
ote
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Motor Block

The User can select the Motor from the topology block as shown below. As displayed in this
screen the Motor can be selected from a drop-down list. If the Motor is not listed, then it can be
added.

v Motor B

Selected (Save) || Pittman v

9412H52

Pittman
9412H52

A standard filter is available to choose the motor. The User can choose the motor and click the
Save icon to set the motor. On success the block will turn Green with check mark indicator.

Select Motor 331323&%‘5’/'5:&2?3?58“
L m - motor

9412H52

Manufacturer: | All Manufacturers v
Manufacturer Part Number =

Parker 110-1S

Parker 210-2

Parker 210-2P

Parker Endat MPP0921B8D-NSPN

Parker Hiperface MPP 0921B9S-NPSN

Pittman 9412H52

Pittman 9412H52xx -

From IDE V4.3 the motor database view is changed.

To add a new Motor entry into the database, click on the database =] icon . This will open new
and improved motor view. The same view can be open from Power PMAC menu under Part
Managers.

Part Managers * @ Amplifier Definitions
W Motor Definitions
W Encoder Definitions
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The User does not need to open a project and add Motor to add
Amplifier/Motor/Encoder parts in the database.

Note

The motor part manger view looks like this if opened from Topology block.

Delete custom motor from database

Hen Ede Delete.

e Click to add New motor.

Motor parameters based on
Motor type and geometry

Select Moter

If the view is open from Topology view
then clicking this button will navigate
back to Motor topology block

It the view is open from Topology view
then Click this button to navigate back to
topology block

To add new motor press ‘New’ and enter the motor parameters from the motor manufacturer
brochure.

To edit the saved motor parameters, select the motor from the drop down and then press ‘Edit'.

To delete the motor from database, select the motor from the drop down and then press
‘Delete’.

The motor part manager view looks like this when open from Power PMAC Menu...
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Motor Definitions - o =
AGDTT - New Edit Delete
1234 7

Click to add New motor.
General - =
Edit custom motor
Manufacturer: AGDTT parameters
Part Number: 1234 Delete custom motor
from database

Motor Specifications

Motor Type: Brusk Brushless tepper

Motor Geometry: Rotar Linear

Maximum Speed: 123 Meters / Second

e Motor parameters based on |
R R Igotens Motor type and geometry
Inductance: 1 Millihenries

Electric Cycle Length: 6 Millimeter (mm)
Power Ratings

Maximum Voltage: 1 DCVolts

Motor parameters

Continuous Current: 1. RMS Amps short description

Instantaneous Current: 1 RMS Amps

Time at Peak Current: 1 Seconds 32
Description: Enter Phase to Phase Resistance of the Motor in ohms.

Add New Motor view looks like this...

Motor Definitions *OoXx

R

General

Manufacturer: * Save custom motor

parameters to database
Part Number: = Cancel custom
motor changes

Motor Specifications

Motor Type: Brushless Stepper

Motor Geometry: Rotary

Maximum Speed: * RPM
Power Ratings

Motor parameters based on

Masimum Votage: OC Vokts Motor type and geometry

Continuous Current: * RMS Amps  ~

Instantaneous Current: % RMS Amps

Time at Peak Current: % Seconds

Motor parameters
short description

Description: Select the type of Motor. This data will be used only if PowerPMAC is performing the commutation
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Motor Parameters
The motor parameters which are needed are described in detail below:

Motor Manufacturer
e Name: The name of the motor's manufacturer.
e Part Number: The manufacturer’s part number for this motor.

Motor Specifications
e Motor Type: The type of motor, whether it is Brush or Brushless.
¢ Nominal RPM: The rated continuous RPMs for this motor.
e Maximum RPM: The maximum possible RPM rating.
e Linear Motor: Set this to True if using a linear motor else set this to False.

Motor Electrical Specifications
e Inductance (mH): The phase-to-phase inductance of the motor in millihenries.
¢ Resistance (Ohms): The phase-to-phase resistance of the motor in Ohms.
¢ Number of Poles: The number of poles the motor has.

e Delta Winding: Set this to True if this motor has a Delta Winding or else set this to False.
Motor Built-In Feedback

e Absolute: Set this to True if this motor has an absolute feedback sensor or else set this
to False.

e Feedback Type: Specify what kind of feedback this motor has or if there is no feedback
set this to None.

¢ Resolution: Specify the resolution of the encoder in counts per revolution. For serial
protocols use units of Least Significant Bits (LSB). For linear motors use the number of
encoders counts per electrical cycle of the motor.

e Hall Sensor Available: Set to True if this motor has a Hall Sensor it can use for feedback.

Motor Power Rating Specifications
e Continuous Current
o Continuous Current (Amps): The amount of current [Amps] which the motor can
safely sustain for an indefinite period.
o Current Unit: Select Amp_Peak if the continuous current limit is in units of Amps
Peak otherwise select Amp_RMS.
¢ Instantaneous Current
o Instantaneous Current (Amps): The amount of current [Amps] which the motor
can sustain for only a finite period before being damaged. This time is specified
in “Time Allowed” below.
o Current Unit: Select Amp_Peak if the instantaneous current limit is in units of
Amps Peak otherwise select Amp_RMS.

e Time Allowed (Seconds): The maximum amount of time during which the motor can
sustain the amount of current specified by the Instantaneous Current limit.

Rating
e Maximum Voltage (VDC): The maximum amount of DC voltage which can be supplied to
the motor before damaging the motor.
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A Verify all the contents of each of the fields specific to the Motor’'s parameters
& before moving on as these will be used in subsequent setup calculations.

Note

Encoder Block

The User can select the Encoder from the topology block as shown below. As displayed in this
screen the Encoder can be selected from a drop-down list. If the Encoder is not listed, then it

can be added.

. Encoder | ¥ Encoder ]

Pittman Pittman

9412H52 v 9412H52 v
Type: Quadrature Type: Quadrature
User Units User Units

1000 counts per @ 1000 counts per i)

Selected (Save)

Encoder Press ‘=" to enter an expression.

Press ‘=" to enter an expression.

Millimeter (mm) Millimeter (mm)

Reset to raw units Reset to raw units

A standard filter is available to choose the encoder. The User can choose the encoder and
press Save icon to set the encoder. On success the block will turn Green with check mark

indicator.

- ] Open encoder database
Select = to add/append/delete
Encoder N ss12n52 ” custom motor
: Quadrature
Start typing to filter items

Manufacturer: | All Manufacturers
Encoder Type: = All Encoder Types
Manufacturer Part Number Encoder Type
Pittman 9412H52 Quadrature

From IDE V4.3 the encoder database view is changed.
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To add a new encoder entry into the database, click on the database = icon. This will open

new and improved encoder view. The same view can be open from Power PMAC menu under
Part Managers.

Part Managers * | @ Amplifier Definitions
a Maotor Definitions
W Encoder Definitions

1. The encoder drop down list is dependent upon the detected Power
PMAC hardware. If the User cannot see the encoder that means it is not
supported by the detected hardware.
(7 . User units are part of Encoder topology block
The User does not need to open a project and add Motor to add
Note Amplifier/Motor/Encoder parts in the database.

W N

The encoder part manger view looks like this if opened from Topology block.

Pittman

New Edit Delete

S412H52
General

Layout: Click to add New

—= motor.

Motor: Q412HS2

Signal Type: Edit custom motor

LIRS parameters

Geometry:
Resolution Delete custom encoder

from database

Lines Per Revolution: Lines

Max Speed: RPM

= , Encoder parameters based on

ective Resolution: Counts / Revolution R
Signal type and geometry

Description:

4 Topolog, /SdeQmuy Encoder

<
If the view is open from Topology view If the view is open from Topology view
then Click this button to navigate back to then clicking this button will navigate
topology block.

back to Encoder topology block.

To add new encoder press ‘New’ and enter the encoder parameters from the encoder
manufacturer brochure.
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To edit the saved encoder parameters, select the encoder from the drop down and then press
‘Edit’.

To delete the encoder from database, select the motor from the drop down and then press
‘Delete’.

The encoder part manager view looks like this when open from Power PMAC Menu...

Encoder Definitions vmE X
Pittman V [ New |[ Edit | [ Detete |
9412HS2 /

Click to add New encoder.
General
Layout: ta e Integrated Edit custom encoder
parameters
Motor Pittman Delete custom encoder
. 9412H52 from database
Signal Type: Digital Quadrature

Geometry:

]

Lines Per Revolution: 500 Lines |

Encoder parameters based on :

Max Speed: 2000 RPM Signal type and geometry

Effective Resolution: 2000 Counts / Revolution

Encoder parameters
short description
Description: The number of signal cycles observed during one full revolution of the shaft.
Add New Encoder view looks like this...
Encoder Definitions vAX
No Item Selected i] [;‘Crancel
General
" Save custom encoder

Layout: * Standalone Integrated parameters to database

Manufacturer: - Cancel custom

encoder changes

Part Number: *

Signal Type: Digital Quadrature  Serial  Analog Sinusoidal

Geometry: Rotary Linear

Resolution
Lines Per Revolution:  * | Lines
L Encoder parameters based on
Max Speed: * RPM signal type and geometry
Effective Resolution: Counts / Revolution
Encoder parameters
short description
Description: The number of signal cycles observed during one full revolution of the shaft.
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The User Units enables the setting of the Motor position units in terms of engineering units like

mm, inch, meters, etc.

This block is used to make it easy to change the defined units for a motor even if the
configuration for the motor has been completed.

Enter position
units. Default
reads form
current
selected
encoder
effective
resolution

v Encoder

Pittman
9412H52
Type: Quadrature

1

Press = sign to Press '=' to enter an expression.
enter Feedback Unit (ct)
expression to
calculate user
unit counts

Click to Reset the current
settings to raw units.
PosSf = 1 default.

=}

Effective Resolution: 2000 cts/rev Resolution from encoder
database
User Units

LiJ

Select new units from
dropdown

If an incorrect value is entered, then use $$$*** command to go back to default settings or use
Reset to raw units. When Reset to raw units is clicked following are the changes in the Encoder

Topology Block...

Pittman
9412H52 v
Type: Quadrature
Effective Resolution: 2000 cts/rev
User Units
b5.5555555555556

Press ‘=" to enter an expression.

- A

Millimeter (mm)

Reset to raw units

Press Resetto raw
counts

Pittman
9412H52
Type: Quadrature
Effective Resolution: 2000 cts/rev

User Units

Press ‘=" to enter an expression.

Feedback Unit (ct)

[i]
(i ]

As soon as the units are changed the PosSf are recalculated, and the User can view the newly

calculated value by clicking on

The view looks like this...
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Structure Element

Motor{1].PosSf

Motor{1]Pos25f
Motor{1]AbsPosSf

The structure elements will be updated to have the new values listed below:

Current Value New Value

0.001 0018 -
0001 0018

0 0

o
a
0
El
1
a

Project System

The dropdown list for User Units is represented by Motor[x].posunit as shown below.

Motor[x].PosUnit

Selected Unit

Motor[x].PosUnit

Selected Unit

0 None selected 8 Mil (in/1000)

1 Feedback unit (ct) 9 Revolution

2 Meter (m) 10 Radian (rad)

3 Millimeter (mm) 11 Degree (deg)
4 Micrometer (um) 12 Gradian (grad)
5 Nanometer (nm) 13 Arcminute (')

6 Picometer (pm) 14 Arcsecond (")
7 Inch (in) 15 Reserved

For example, when User Units are selected for motor 1 then the

Coordinate System axis definition for that motor is simply #1->X.

This will allow the user to command the motor in User Units. If the motor
units for Motor 1 are in mm then #1J1 is 1 mm command and so on and
Note so forth.

Calculating User units count by entering expression
Press = sign in the User units text block and start typing expression. Press enters to evaluate

the expression and show the result in the User Units text box. As shown below...
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M
Pittman
9412H52 M

Type: Quadrature
Effective Resolution: 2000 cts/rev

User Units )
| =k000o/360 (i)
Press ‘=" to enter an expression. )

Millimeter (mm) \

Reset to raw units

Press Enter to
evaluate expression

M
Pittman
9412H52 Y

Type: Quadrature

Effective Resolution: 2000 cts/rev

User Units

(B5.5555555555556 )

Press ‘=" to enter an expression. )
Millimeter (mm) Y

The expression is stored in the project so next time when the project is opened, and user opens
the Motor topology and hoover the mouse on the User Units block the tool tip will show the

expression.

User Units
55.5555555555556

Press '="to enter an * 20000/360 Io

0

The info icon next to expression text will display information about expression as shown below.

Press ‘="to enter expression. 0

8000
1000/8

Basic expressions can be entered within this box, then evaluated by pressing the Enter key.
Examples:

pow(2,17)
1000*sqrt(50)

Hardware Interface B

lock

Proceeding to the Hardware Interface step of the System Setup will show this screen:

The expression evaluator available in all topology types except Galvo and Virtual.
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Amplificr Control/Signal

Control Type:
Signal Type

Amplifier Interface
Command Signal Channel:
Output Signal Type:

Amplifier Enable Signal Output Channel:

Torque

Acc24E2A[4].Chan

DAC

Acc24E2A[4].Chan[0]

[0]

Gl Enabled

Amplifier Fault Signal Input Channel:

| Acc24E2A[4].ChanlO

&l Enabled

Amplifier Fault Level:

Feedback Interface

Primary Feedback Channel
Secondary Feedback Channel:

Flag Interface

Hardware Over-travel Limits Input Channel:

Home Flag Input Channel:

Low True  High True

Acc24E2A[4].Chan

Acc24E2A[4].Chan[0]

[01

Acc24E2A[4].Chan[0]

ACC24E2A[4].Chan

[0]

Enabled

Enabled

Project System

This part of the System Setup configures command control signals being produced from Axis
Interfaces in the system and amplifier-related flags which these Axis Interfaces read from or

send to the ampilifier.

For UMAC, these Axis Interfaces will usually be ACC-24E2, ACC-24E2A, ACC-24E2S, or ACC-

24E3. Each field is described in detail below:

Amplifier Control/Signal

e Control Type: Displays the type of control signal (Position, Velocity, Torque, Sinusoidal,
Direct PWM, or Direct Micro stepping) that the amplifier connected to this Axis

Interface’s channel supports.

e Signal Type: Displays selected signal type (Analog, Direct PWM, or Step & Direction).

A On this page these two parameters are read only so, in order to make a
o change, the User must go back to Command and Feedback type page.

Note

Amplifier Interface

e Amplifier Advanced Interface Mode: Setting this to True permits gives the ability to
obtain the AmpEna and AmpFault bits from different locations than the address of the
channel which produces the command signal. Setting this to False assumes that
AmpEna and AmpFault come from the channel which produces the command signal

(Command Signal Channel; see next field).

¢ Command Signal Channel: Specify the structure of the channel which sends the

command control signal to the Amplifier.

e Amplifier Fault Level: Select Low True if the Amplifier expects a Low-True signal to
indicate an amplifier fault. Select High True if the Amplifier expects a High-True signal to
indicate an amplifier fault.
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e Amplifier Enable Signal Output Channel: Specify the structure of the channel which
produces this motor's Amplifier enable signal.

o Amplifier Fault Signal Input Channel: Specify the structure of the channel which
produces this motor’'s Amplifier fault signal.

Feedback Interface

e Dual Feedback Interface Mode: If the motor has separate encoders for position and
velocity feedback then select True.

e Primary Feedback Channel: Select the structure of the primary feedback channel;
typically, this is the position feedback channel.

e Secondary Feedback Channel: Select the structure of the secondary feedback channel;
typically, this is the velocity feedback channel. This property is grayed out for Single
Feedback Motor Topology but available for edit for Dual Feedback Motor Topology.

Flag Interface

e Hardware Overtravel Limits Input Channel: Select the Axis Interface channel which
reads the hardware overtravel limits.

If “Hardware Mismatch” error message is displayed it is probably because the

A chosen control type or signal type is not compatible with the Amplifier chosen

il in the Amplifier Information section of the setup or with the motor type chosen
Note in the Motor Information section.

e Home Flag Input Channel: Select home flag input channel from available list. Usually,
the default is not needed to change.

Interactive Feedback Block

The Interactive Feedback screen displays real-time plots of the feedback devices associated
with the motor on the right side and fields containing feedback-related data. The purpose of this
screen is to help determine whether the encoder feedback is working properly. The User can try
to physically move the encoder by hand and observe whether the feedback can be seen to
change on the screen.

The contents of the Interactive Feedback screen change greatly depending on
which kind of feedback is selected. The following example is for Quadrature
A Encoders which are very common encoder types. If using another encoder
el type, like an absolute serial encoder, this screen would configure the number of

Note bits of feedback data, absolute power-on position and phasing, and other
parameters relevant to that encoder type.

The screen below shows a Quadrature Encoder:
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Feedback

Interactive Feedback #
Position captured on Phase Clock: 77693 ‘r ‘F\ f\‘ 1 l | "
| Iht
ECT Output: | \ ‘ \‘M‘ | }‘ h ;‘\‘
i, w |-
ECT Scale Factor: “ ‘ | (H ‘ ‘\“ ‘Hw‘ |
B
R IV
T 1 A A
Verification
Encoder Direction: Clockwise Counter Clockwise
Motor Position: [zero (HoMEZ)|
Position Capture 2
Delta Position Capture:
Count Error: onG Reset
Encoder Loss: @ Not Configured Setup Pres€ this to

pause/unpause
plotting

A —B — Index

Select Plot | Quadrature Signals v @ |Q)| | Clear Graph

Structure Element: - Acc24E2A(4].Chan[0].PhaseCapt
Description: IC channel encoder count latched on phase interrupt
Range: 0..16777,215

Units: Counts

Defaultvalue:  N/A

4 Topology | | € Hardware Interface

Select motor-encoder
position or quadrature
signals (for quadrature
encoder)

 Operating Limit Accept

The left axis of the plot shows the units of the encoder output’'s waveform while the bottom axis
shows time passing in units of seconds. “ServoCapt”, indicated by the red curve, is
EncTable[x].PrevEnc; the ECT output before being scaled by EncTable[x].ScaleFactor. “Motor
Input”, indicated by the blue curve, is Motor[x].Pos; that scaled output of the ECT entry.

the Accept button has been clicked on the previous screen; the Hardware

If the “Motor Input” curve does not change as the encoder spins, make sure that
=
Interface screen.

Note

The fields shown on this screen are described below:

e Position Captured on Phase Clock: This is the encoder’s position captured at the Power
PMAC'’s phase frequency.

e ECT Output: This is the encoder table entry previous input value.

e ECT Scale Factor: The ECT will read the encoder’s address, perform the shifting
specified in EncTable[x].index1 and EncTable[x].index2, and then multiply this value
by the ECT Scale Factor, EncTable[x].ScaleFactor, before producing the final output of
the ECT entry.

e Encoder Direction: Let the user set the positive direction of the motor to
Counterclockwise or Clockwise (for Rotary Encoders only).

e Motor Position:

o Zero (HomeZ): It sets the Motor 1 position to 0
o Position Capture 1: Captures the motor’s position
o Position Capture 2: Captures the motor’s position
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o Delta Position Capture: Displays the difference between Position Capture 1 and
Position Capture 2.

e Count Error: If there are any encoder count error, it will be displayed here. The user can
reset this error by clicking on Reset button.

e Encoder Loss: if there are any encoder loss, this status bit will be set to show the loss
error. To be able t detect the encoder loss, the user must use the following configuration
page by clicking on the Setup button. In the page the suer must specify encoder
information, and the max allows loss limit to detect if the encoder count loss is greater
that the loss limit.

Encoder Loss Setup X
Encoder Loss Register: Acc24E2A[4].Chan[0].EncLossM.a hd
Range: Single High Bits
Bit Number: 13
Loss Level: Low True High True
Loss Limit: 4

Apply | | Cancel

The screen below shows a serial encoder, in this example from a Panasonic MSMD082S1S
encoder:

This image is from the V3.x but works same way in Newer IDE with newer screen layout

) Ve - 'm",",“;. Fo;dbici -—l
$2004835 3
Single2urn Postion Regeier
Seral Ercoder Deta B Regeter $3000000
Segletum Data bonnad ]
Mt tm dta 2 =5
Teveout Evor Rag 0
CRC Eor Fag 0

Sutun Fekd 7 x* =] |=
Iw Ve 1= .:
0 :

Senal Tagper Edgn Select St on Amrg Edgn -/
Senad Tagoer Cock Sefect Prase Oock :] —
Seel Cock N Dnnder 0
Sersl Cock M Drvder '
el Ercader Trgger Wede Cortracus -

- Terr |

L x I r >
) |
—
s Do ECT_| Ce— N e I = |

data. If an encoder has gray code mode, the conversion from binary to Gray
code will take place in the hardware (DSPGate or FPGA) before the data is
Note read by the CPU.

Absolute phase position feedback in parallel/serial mode only supports binary
A@'
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Safety Review

From V4.3 IDE the previous I°T blocked is renamed as Safety Review. These settings in the
Power PMAC limit current and voltage outputs to prevent damaging motors and amplifiers. The
Position limits section on this view is for the Servo Safety which is for configuring following error
limits. Software position limits are read-only as without home reference the software limits won’t
work correctly. The user can reset the Software Limits to default settings if they are different.

The Safety Review screen appears as follows:
Position Limits ()

Positive Posit

Negative Position Overtravel Limit

Execution-time Soft Limit Margin:

8 o o @

Fatal (shutdown) Following Error Limit

£ § § § §
g & & %3 &
¢ € € ¢ ¢
§ § § § §
-
=

Warning (trigger) Followng Error Limit 1000

FT Information

Safety Input ©

1T Parameter Selection Graph
Turn Protection Off

Continuous Current: 1 Amps i ]
Instantaneous Current 2| Amps i ]

Max Time Allowed: 2| Seconds i ]

Allowed Time (Sec)

|
Transconductance 02 Amps/vor © i\

Existing New %« \
Continuous Current Limit (°T Set): 0 16384 O 20 h“r\“
T

Integrated Current Shutdown Limit (°T Trip): 0 536870912 ©

4 8
Instantaneous Servo Output Limit (MaxDac): 28000 278 O Current (Amp)

Structure Element: Motor{112TSet

Continuous current imit for “I-squared-T~ calculations [baS7)
Range non-neg floating-point
Default value: 00

 Topology | | « Interactive Feedback - Testand Set| | Accept

The information icon i will display additional information about the parameter or the how the
value is calculated as displayed in the above image.

Under the 12T Information section, the Safety Input section allows the user to edit the values
which are prepopulated from the Amplifier and Motor database. Most users will never need to
change from these prepopulated values. An information icon for each parameter will show
additional information.

The next sections is for “Calculated Values”, which contains three fields:

e Continuous Servo Output: This is the calculated continuous output limit from the servo
loop in units of a 16-bit DAC. It is calculated based on the limits entered for Continuous
Current, Instantaneous Current and Maximum Time Allowed, under the “Data Input” area
of this view. When “Accept” is clicked this value will be written to Motor[x].12TSet.

e Integrated Servo Output Limit: This is the maximum output from the servo loop’s
integrator based on the current limits entered. When “Accept” is clicked this value will be
written to Motor[x].12T Trip.

e Maximum Servo Output Limit: This is the maximum value which the servo loop can
output. When “Accept” is clicked this value will be written to Motor[x].MaxDac.

Press the “Accept” button to accept the settings and move on to the next topology block.
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Test and Set Block

Please make sure that it is safe to Test and set the motor System Setup -
Test and Set Topology block.

It is recommended external Emergency Stop switch connected that will kill the
Note amplifier power in case of motor runaway or loss of communication.

This block performs a series of tests to ensure that the motor is working correctly. The tests
which are run depend upon which kind of motor is being used.

The two selections available here are.
“Auto” - to run the predefined tests and configure the motor.
“Manual” - to manually specify parameters for each test and execute them sequentially.

In the manual screen each step in the testing process is listed with a Step Number, Description,
Progress, and Result as shown below:

ﬁt:p Description Progress Result
1 Detect cument sensor direction | 100% Pass
2 Meazure cument sensor bias
value
3 Woltage six step test 100% Pass
4 Tune cument loop 100% Pazs
3 Cumert six step test 100% Pass
6 Open loop test
7 Phase reference search

“Progress” shows how far along the test has progressed.
“Result” will state whether the test passed (“Pass”) or failed (“Fail”’). The tests listed here
depend on whether a Brush motor or a Brushless motor are being used.

Brush Motors
If using a brush motor this window will run three tests:

Open Loop Test

This test issues an open loop command to the motor outputting the voltage to it without closing
the servo loop. The purpose of this test is to ensure that a positive output command produces
positive motion on the motor and that a negative output command produces negative motion.
There are four parameters that can be adjusted in the Open Loop Test when using it in “Manual”
mode:
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ﬁt:p Parameters Walue
[ MotorMumber 1
1 Magnitude (%) 20
1 Duration {msec) 100
1 fterations 2

e “MotorNumber” selects which motor will execute the test.

o “Magnitude (%) selects what percentage of the total output magnitude permitted by
Motor[x].MaxDac to output to the motor for the test.

e “Duration (msec)” specifies how long to output voltage to the motor during the test.

e ‘“lterations” specifies how many times to output voltage to the motor. Each iteration
consists of applying the magnitude of output specified in “Magnitude (%)” in the positive
direction, and then once again in the negative direction.

A correct Open Loop Test should appear as follows where a positive output command produces
positive encoder motion, and a negative command produces negative encoder motion:

Open loop test

—— Open Loop Command

Velocity (Enc) Velocity (Enc2)
e e g )

Open Loop Command

Velocity (Enc)Velocity (Enc2)

If the motor’s motion is the inverse of this i.e. a positive command produces negative motion
and a negative command produces positive motion, then try changing the direction of the
encoder decode structure. This structure is Gate1[i].Chan[jl.EncCtrl for Gate1-Style Axis
Interfaces and Gate3[i].Chan[j].EncCtrl for Gate3-Style Axis Interfaces. For Quadrature
Encoders, to change the direction of the encoder decode using these structures change the
structure’s value to 7 if it was 3 or to 3 if it was 7. Swapping the two leads of the motor can also
be tried.

Measure DAC Bias Value

This test will output a zero-voltage command to see whether the motor moves. If it moves there
is a bias on the DACs. It will then vary the DAC voltage until the motor stops moving in order to
calculate this offset and then write it to Motor[x].laBias.

There are two parameters that can be adjusted when executing this test manually:
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ﬁtsp Parameters Yalue
|“ MotorMumber 1
i fterations 2

e “MotorNumber” indicates which motor to perform the test.
e ‘“lterations” indicates how many times the window should try varying the output to the
motor in order to determine the DAC bias.

Brushless Motors
If using a brushless motor this window will run eight tests:

Detect Current Sensor Direction
This test determines the directional sense of the current sensors being used to measure the
currents in the motor’s phases, as specified by Motor[x].PhaseOffset.

The only parameter to specify when executing this test manually is the motor number (Motor
Number):

Step
No. Parameters Value

MaotorMumber 3

Setting the Motor[x].PhaseOffset parameter correctly is extremely important
= because failing to do so can cause the current loop to be a positive feedback loop
ot thus potentially causing damage to the motor or amplifier.
ote

Measure Current Sensor Bias Value

This test measures any offset present on the ADCs which read the values of the current flowing
through the motor’'s phases A and B. It does this by commanding a zero output and observing
the current flowing through the phases for a brief period. The bias values are then stored in
Motor[x].laBias for phase A and Motor[x].IbBias for phase B.

The only parameter to specify when executing this test manually is the motor number (Motor
Number below):

Step
No. Farameters Value

MatorMumber 3

Voltage Six Step Text
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This test applies voltage across the motor’'s phases in order to commutate it one revolution. The
test measures how many counts per electrical cycle in order to set Motor[x].PwmSf,
Motor[x].PhaseOffset, and Motor[x].PhasePosSf.

During the test a plot will be displayed showing the ADC results for the current values on
phases A (red) and B (blue) on the vertical axis moving with Time (horizontal axis):

Voltage six step test

—— ADCO0 —— ADC1 |

Waveform [10%6)

Wavatarm

No. Parameters Walue
|n MaotorMumber 3
3 Magnitude (bits) 541

Commutation Size
3 | pPhaseEnc LSB) 2000

e “MotorNumber” indicates which motor to perform the test.

o “Magnitude” is the voltage to be applied to the motor in units of 16-bit DAC bits.

e “Commutation Size” is an input from the user; it specifies how many counts per
commutation cycle. It is in units of the LSB of the register to which this motor’s
Motor[x].pPhaseEnc structure points.

Tune Current Loop
This test will command current to the motor’s phases and then calculate gains for the motor’s

current loop. The current loops gains are stored in the following structures: Motor[x].liGain,
Motor[x].IpfGain, and Motor[x].IpbGain.

The parameters available when executing the test manually are shown below:

ﬁt:p Parameters Value
L [otorMumber 3
4 Magnitude (bits) 5421
4 Duration (msec) 20
4 Desired Bandwidth (Hz) 0
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“MotorNumber” indicates which motor to perform the test.
“Magnitude” is the current to put through the motor’s phases in units of 16-bit DAC bits.
“Duration” is how long to apply current to the phases [msec].

“Desired Bandwidth” is the amount of bandwidth, which was specified, for the current
loop to have [Hz] was specified.

After the test tunes the current loop it will plot the current loop’s response, which should look like
the image below, where the actual current (red) rises to the desired current (blue):

Tune current loop

—— Actual Current  —— Desired Current |

Desired Current

Time {(msec)

The desired current is on the left axis in units of 16-bit DAC bits and time is on the horizontal
axis in units of milliseconds.

Often the automatic tuning is adequate but if interactive fine-tuning is required, please refer to
the section labelled “Tuning the Servo Loop in the IDE” in the Power PMAC User’s Manual.

Current Six Step Test

This test applies voltage across the motor’s phases in order to commutate it one revolution. The
test measures how many counts per electrical cycle the motor has in order to set
Motor[x].PhasePosSf.

The parameters available when executing the test manually are shown below:

ﬁt:p Parameters Yalue
|n MotorMumber 3
5 Magnitude (bits) 3084 6438

Commutation Size
5 | [pPhaseEnc LSE) 2000

e “MotorNumber” indicates which motor to perform the test.

e “Magnitude” is the current to be applied to the motor in units of 16-bit DAC bits.

e “Commutation Size” is an input from the user; it specifies how many counts per
commutation cycle. It is in units of the LSB of the register to which this motor’s
Motor[x].pPhaseEnc structure points.

Open Loop Test
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This test issues an open loop command to the motor outputting voltage to it without closing the
servo loop. The purpose of this test is to ensure that a positive output command produces
positive motion on the motor and that a negative output command produces negative motion.

There are four parameters that can be adjusted in the Open Loop Test when using “Manual”
mode:

ﬁlt:p Parameters Value

MeotorMumber 1
1 Magnitude (%) 20
1 Duration (msec) 100
1 terations 2

e “MotorNumber” indicates which motor to perform the test.

o “Magnitude (%) selects what percentage of the total output magnitude permitted by
Motor[x].MaxDac to output to the motor for the test.

e “Duration (msec)” specifies how long to output voltage to the motor during the test.

e ‘“lterations” specifies how many times to output voltage to the motor. Each iteration
consists of applying the magnitude of output specified in “Magnitude (%)” in the positive
direction, and then once again in the negative direction.

A correct Open Loop Test should appear as follows where a positive output command produces
positive encoder motion, and a negative command produces negative encoder motion:

Open loop test

—— Open Loop Command Velocity (Enc) Velocity (Enc2)

e gy S

Velocity (EncjVelocity (Enc2)

If the motor’s motion is the inverse of this i.e. a positive command produces negative motion
and a negative command produces positive motion, try changing the direction of the encoder
decode structure and rephasing the motor (for commutated motors). This structure is
Gate1[i].Chan[j].EncCtrl for Gate1-Style Axis Interfaces and Gate3[i].Chan[j].EncCtrl for
Gate3-Style Axis Interfaces. For Quadrature Encoders, to change the direction of the encoder
decode using these structures change the structure’s value to 7 if it was 3, or to 3 if it was 7.
Swapping the two leads of the motor can also be tried.

If the Open Loop Test's response is not inverted from the picture above, but is rather erratic, try
rephasing the motor or retuning the current loop (see the Tuning section of this manual for more
details on tuning).

Power PMAC IDE User Manual 344



Project System

Phase Reference Search
This test establishes a phase reference for the motor, i.e. it tries to align the rotor with a phase
to maximize the motor’s torque output.

There are four parameters that can be adjusted for this test:

ﬁtsp Parameters Value
MeotorMumber 3
7 Phasing Method 1
7 Magnitude (bits) 0
7 Phase search time (msec) 0

e “MotorNumber” indicates which motor to perform the test.
¢ “Phasing Method” determines which automatic phasing routine to use:
o Setto 1 to use Stepper Method
o Setto 2 to use the Two-Guess Method
e “Magnitude” is the current to apply to the motor when phasing [16-bit DAC bits].
¢ “Phase Search Time” is how long to apply current to the motor before setting the phase
position to 0

Basic Tuning Block

The major difference between IDE V2.x or V3.x and V4.x is the Servo loop tuning from Test and
Set is removed and replaced by the Basic Tuning block. The concept of the basic tuning is that

for new and basic users the tuning algorithm should achieve the performance needed therefore
not requiring the use of the Advance tuning.

This is a simple one button tune function. Once the Basic Tuning is complete the bandwidth can
be changed, and the test can be re-run to recalculate the gains. This can be used to optimize
the tuning by utilizing our intelligent tuning algorithm.

Advance tuning is for the expert User who possess the correct knowledge of controls theory.

When Basic Tuning is selected the screen below will be displayed.
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Motorl + X

Tuning Graph Tuning Analysis

R . - Tuning Analysis
Basic Servo Loop Tuning

Waveform
-
>

0.2 : : Tuning Statistics

Tuning Statistics

0.0 0z 0.4 06 0.8 10 1.2
Time, Seconds

4 »

Tuning Criteria
Rigidity / Stiffness 1 10 [1g

Damping 0 1 o707

Integral Ratio 0 1 loas

If the User is using the FW 2.5.1.7 without a new Tuning package, then a warning will be shown
as below...

PowerPMAC *

A newer version of the tuning package is available from the
Firmware Database. It is recommended to update the
Firmware with this package. This can be carried out by
selecting the Delta Tau menu and then selecting the Kernel
Update-Install Linux Package menu.

It is not mandatory to upgrade the tuning package, but the User does not then they will not get
the benefit of improvements in the tuning and setup algorithms.

If the User wants to upgrade the tuning package, they can download this from the Delta Tau
Firmware location and use Install package dialog from the from the Power PMAC menu and
select File - Install Linux Package like this...
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Install Package *

Please do not power cycle or close the
! install package dialog while installing is
in progress,

Operations

Select File...

Install

Once the package is updated then the User can use the Basic tuning block to tune the Torque
or velocity mode and on success proceed to Commissioning and Motor Jog Block to test the
motor.

The User only needs to install the Tuning package once. For any following set
up’s the Warning message will not be displayed.

Note

Press “Start Tuning” and a safety warning will be displayed before the tuning starts.

Test Start

The following test(s) will physically move the Motor. Do you want to
continue?

Press Yes to start the Tuning.

On completion synchronize the results on the Power PMAC and project by pressing Accept.
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Tuning Complete. In order te sync the project with the PMAC you must click the
accept button.

On successful Tuning the screen will be displayed as shown below:

Tuning Graph Tuning Analysis
. . - Tuning Analysis
Basic Servo Loop Tuning Max Bandwidth due to servo update frequency = S647 Hz
— — Bandwidth Selected = 18.49 Hz
——— Desired Position First Limit Found : Velocity Loop (Kd) Feedback Resolution (22.29 Hz)
——— Actual Position Second Limit Found : Position Loop (Kp) Feedback Resolution (24.12 Hz)
Servo Command Third Limit Found : Load (Inertia) (32.80 Hz)
-416.05 40 Fourth Limit Found : Servo Update Frequency (5647 Hz)
T T T -
3 5
< 41610 30 <
o ¢ e, S e
-
= 41615 20 =
°
3 =
S -416.20 4 110 ®
= E
8 41625 J1 I 0 E
a =
= 41630 105
s (3 Tuning Statistics
S 41635 + e ey 120 §
i - Tuning Statistics
416 40 + + + . 30 Natural Frequency = 2239 Hz
0 200 400 600 800 1000 1200 Damping Ratio = 0.60
Time (msec) Rise Time = 13.28 ms
™ Settling Time = 140.67 ms
. . Peak Time = 53.57 ms
Peak Magnitude = 220.50 mu
Tuning Criteria

Overshoot = 9.43

Rigidity / Stiffness 328 229 1ga80 |2 RMS Following Error = 25.69
Damping 0 1 07
Integral Ratio 0 1 o g \
: Optimal values selected by algorithm You can
Home || Back

change the values by adjusting the slider and then te) [EAcctll
recalculating the gins.

On Re-calculate it will make another move to accept the changes.

Commissioning Block

Please make sure that it is safe to commission motor parameters.
= Commissioning blocks sets Power PMAC Motor structure elements.

Note

Like Coordinate System, the Commissioning block is a collection categorized Motor elements
that are commonly used.
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In the commissioning page the user can set accel/decel limits, jog settings, position limits, in
position band, fault mode and advanced settings. The User Units, to the right of the data entry,
will display whatever has been set in the User Units window. For example, if, in the User Units
block on the topology, inch is set then all the User Unit fields will show inch. Each row of this
page is selectable, and a brief description of the selected will be displayed at the bottom of the

page.

@ Commissioning
(~) Accel. / Decel. Limits

Time Rate
Abort Decel 500000
Abort Jerk Rate o
@ Jog Settings
Time Rate
Jog Accel/Decel 100000
Jog Jerk Rate 20000000
Jog Speed 32000
(~) Position Limits
Fatal Following Error 2000
Warning Following Error 1000

@ In Position Band

In Position Band o
In Position Tirme 0
0 msec

(~) Fault Mode
If open loop and hit overtravel limit or aborted Decelerate motor to a stop

If closed loop (servo OM) and hit overtravel limit Decelerate motor to a stop >

@ Advanced Elements

Structure Element:  Motor[1]1.AmpEnableBit

mu sec V(2
mu /| sec v | "3
mu /| sec (2 @
mu /| sec v | "3
mu /| sec s

mu

mu

mu

msec =

255 msec

Description: Bit # of amp enable line in pAmpEnable register
Range: 0.31
Units: bit number (little-endian)
Default value: Auto-configured based on hardware
4= Basic Tuning Accept
e This icon in front of parameter means there is additional information available. On clicking
the Icon, a graphical image will be displayed to give a better understanding of the
parameter.
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Units;

@ Jog Settings
Time Rate
Jog Accel/Decel 100000] mu/ | sec v[2 @
Jog Jerk Rate 20000000{ mu/ | sec 0l A3
val
Jog Speed 32000, mu/ | sec 7
(~) Position Limits
Fatal Following Error 2000, mu fecel Accel
Warning Following Error 1000, mu -ogSpead
(~) InPosition Band
In Position Band 0 mu
In Position Time 0] | msec ¥
time
0 msec 255 msec
(~) Fault Mode
If open loop and hit overtravel limit or aborted Decelerate motortoastop ¥ | @ Ace
. o Accel T jerk -lerk
If closed loop (servo ON) and hit overtravel limit Decelerate motortoastop ¥ | @
(¥) Advanced Elements
time
Structure Element: Motor{1].FaultMode A rnt -Jerk Jerk
Description: Fault action control
Range: 0.7

The Advance view can be expanded to view the entire motor structure elements.

Note

The Advanced System Elements View can be accessed from the Commissioning
View. This shows the categorised motor setup elements. This view is for Users
who do not want to use the topology approach and have the expertise to setup
the Power PMAC. As with the topology approach all the values are written into

their relevant files and used, when built, to generate the systemsetup.cfg.

The advanced view will allow the user to select from one of the motor element categories.

@ Advanced Elements

Motor[1].Br
Motor[1].Ca

Category Addressing
Addressing
Filter Basic Motion
Commutation
Command | Fynctionality
Motor[1].An General
Motor[1].An Operating Limits

Servo Loop
Scale Factor
Trajectory

bAntnrl11 Enel necBit

Power PMAC IDE User Manual

350




Project System

By selecting a category, the table will be populated by the motor structure elements specific to
that category. Also, the populated list can be filtered by typing any keyword in the filter section.
The following is the advanced setting view.

~
() Advanced Elements / Motor structure element

Category | Basic Mation //1 category

Filter a3t

Command == Velue \NL Filtering the elements by J

Motor|1].CaptControl §13000000 keyword

Motor|1].CaptPosLeftShift 0

Motor{1].CaptPosRightShift 0

Motor|1].CaptPosRound 0

Motor[1]. HomeOffeet 0

Motor{1].HomeVel S— 10

Motorl1]JogOffset o Motor structure elements

Motor[1]JogSpeed 32

Motor[1].JogTa -10

Motor[1]JogTs -50

Motor{1].ProglogPos 0

Motor|1].ServoCaptTimeOffset — 0

-

Structure Element: Motor[1].CaptControl @
Description: Full-word element for captured position processing
Range: $0... SEFFFFFFF
Units: bit field Quick info of selected row
Default value: L]

4 Topology | | 4 Basic Tuning

Coordinate Systems-Context menu

A Coordinate System can be added to the project by right clicking the Coordinate Systems node
in the Solution Explorer, as shown below:

4 |7 Motors
&1 Motorl
&1 Motor2
@ Coordinate Systems

Scope to This
| B New Solution Explorer View

F Properties Alt+Enter

| | Add a Coordinate System... |

When “Add a Coordinate System” is selected a dialog box will be displayed and the number of
the Coordinate System can be selected, as shown below:
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Template: None

) Coordinate System saved structure element values will be uploaded
from the Power PMAC.

‘ OK H Cancel |

Add Coordinate System X

Project System

The coordinate systems dropdown box will display default coordinate system number of 0. The

range available is from 0 to Sys.MaxCoords.

Template dropdown will allow the selection of a previously exported template.

When the Motor is added to a project the Coordinate System structure elements
are saved to a file. Any Coordinate System structure element changes within the

A project domain will be automatically updated and maintianed within the file.
pd When the build is performed the Coordinate System file will be used to generate

Note the systemsetup.cfg file. No backup is needed for the Coordinate System
parameters as long as the changes are being made in the project system.

On clicking the OK the Coordinate System view will be displayed, as shown below. The layout
and navigation are the same across the Coordinate System and Motor commissioning blocks.
Items in the view are selectable and each item’s description is displayed at the bottom of the

page.
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(~) Coordinate System

(%) Configuration (%) Motor Axis Properties (CS1)
Ceordinate System: 1 Undefine C5 | @ Motor: B *
Motor Number: 3 v Maximum Velocity: 32000 ct/sec
Axis: Z Select Axis | [ | Custom: |e.g. Z+0.7YY Maximum Acceleration: 100000 ctisech?
Scale Factor: 1 Undefine Axis | @ Maximum Deceleration: 100000 ctfsecr2 Al
Offset: 0 Maximum Jerk: 100000000 ct/sec™3
(%) Settings (cS1) Rapid Speed Mode: Use motor jog speed (Motorlx].JogSpeed) v
Horne Required: 0
Fault Mode On Error: Decelerate other motors in CS to a stop LA i ]
Segmentation: ) O
J ( Rollover Mode: Disabled (default) 0
Segmentation Time: 10 msec 04| cycles @
Position Rollover Value: 1 ct
Feedrate Axes: 540 E
| seest | (~) Multi Block Lookahead (C51)
Max Feedrate: 10 mm v [ |sec ¥ Blocks: 16 100
Rapid Velocity Mode: Use each motor own rapid speed mode  ~ Ahead Segments: 133.332333232333 Move Segments
Move Blending: Blend linear, circle, and spline moves Backup Distance: 100 axisu
Alt. Feedrate: 2 deg ¥/ sec Backup Segments: 03125 Move Segments
Al Feedrate Mode: Use alternate axis individual move time calculation  * Total Segments: 7/ custom
Abort All Action: Decelerate to a stop ¥ Buffer Size: ME
Soft Limit Action: Abort program, decelerate all axes to a stop * Delete Lookahead
Define Lookahead

Structure Element:  N/A

Description: The coordinate system being configured. The "Undefine CS" button can be used to send the "undefine” command to the PMAC to clear this coordinate system's axis definitions

Range: N/A

Default value: MN/A

Advanced Structure Element Accept

Selected element’s detailed
description is displayed here

These settings are for coordinate system elements.

The Accept button is enabled anytime a filed is modified within the corrdinate system page.
Accpet will write the set values to coresponding Power PMAC structure element. By default the
Motor Axis Properties and Multiblock lookahead section will be disabled. Once the Corrdinate
ssytem is defined in the Configuration section then the Motor Axis Properties will be enabled.
To enable Multi Block Lookahead, User should enable segmentation and set a value greater
than 0 for Segmentation time

Clicking on Advanced Structure Element, the following screen will open:
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Filter

Command Value
Coord[1].AbortTimeBase 0 -
Coord[1].AddedDwellTime 0

Coord[1].AltFeedRate 2

Coord[1].CCCtrl 0

Coord[1].ComerAccel 0
Coord[1].ComnerBlendBp 0
Coord[1].CornerDwellBp 0

Coord[1].CornerError 0

Coord[1].CormnerRadius 0

Coord[1].CosMotor 0

Coord[1].Dprog 1003
Coord[1].ExtinPosMask 0
Coord[1].FeedHoldSlew 0.000100000000000000005
Coord[1].FeedTime 1000

Coord[1].GoBack 0

Coord[1].Gprog 1000
Coord[1].HomeRequired 0
Coord[1].InPosTimeOut 0

Coord[1].LHDistance 0

Coord[1].MaxCirAccel 0

Coord[1].MaxFeedRate 10

Coord[1].MinArcLen 0
Coord[1].MinAtanSpeed 9.99999999999999955e-07
Coord[1].Mprag 1001 -

Structure Element: Coord[1].AbortTimeBase

Description: Minimum time base value used in abort deceleration
Range: Non-negative floating-point

Units: Milliseconds

Default value: 0.0

Structure Element:
Description:
Range:

Default value:

« Coordinate System

All the coordinate structure element variables can be accessed directly from this screen. To go
back to the previous view the user should click on Coordinate System button.

All the values set in the coordinate system page are stored in each individual coordinate system
setup file (ex: CoordinateSystem1.cssetup). The settings in this file will be included in the
systemsetup.cfg file

Coordinate System-Context menu
This menu is available when any type of motor is added and displayed under Motors node.

Right-clicking on a motor node will open up a context menu containing various useful operations
as shown below ... For convinience a word CS = Coordinate System will be .
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Compare this coordinate systems with another CS

: Cut this CS to paste

Copy this CS to paste

Delete this CS

Sync this CS settings from PMAC to PC
Export this CS as an item template t be reused

e Open
Compare ¢
Scope to This
& New Solution Explorer View
b Cut Ctrl+X <—
(¥ Copy Ctri+C 4—
X Delete Del 4—
Sync Coordinate System Settings(PMAC to PC) +—
Export as Item Template.. <
K Properties Alt+Enter
Compare

The compare feature is available for coordinate systems. It allows the comparison of coordinate
system elements. The structure elements are categorized. A maximum of nine coordinate
systems can be compared at a time. The Compare function is available from the Power PMAC
menu or by right clicking on the Coordinate Systems in the Solution Explorer.

The following dialog shows the Compare feature being accessed from the Power PMAC menu.

Delta Tau

© % EE dRIE P RIE SN %

Terminal

Position

Watch

Status

Errors Display

Unsolicited Messages
Jog Ribbon

PowerPMAC Messages
Encoder Conversion Table
Compensation Table
Update Firmware

Device Imaging

Backup Restore

Tools »

Troubleshooters L

X Kill Motors Ctrl+Alt+K

EtherCAT  Window  Help

Communication Setup ~ P Start~

Compare » | (@ Compare Motors
Part Managers » | @ Compare Coordinate Systems

| 5
[] Task Manager [f1] Tune [A]Plot =

The default view shows all the coordinate structure elements.
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Select Coordinate Systems: 1-3
Command Default
() Setup Elements
AbortTimeBase
AddedDwellTime 0
AltFeedRate
cCCr
ComerAccel
CornerBlendBp
ComerDwellBp
CornerError
ComerRadius
CosMotor
Dprog
ExtinPosMask
FeedHoldSlew 0.0001
FeedTime 1000.0
GoBack
Gprog
HomeRequired
InPosTimeOut
LHDistance
MaxCirAccel

O Primary [ Different from Primary

Structure Element: AltFeedRate

Filter:

Set as Primary column | Reset to Default | Copy from Primary
C 1(Pi C —
00 00 00
0 0 0
10 10 10
0 0 0
00 00 00
0.0 0.0 00
00 00 00
00 00 00
0.0 0.0 0.0
0 0 0
1003 1003 1003
0 0 0
0.0001 0.0001 0.0001
10000 1000.0 1000.0
0 0 0
1000 1000 1000
0 0 0
) 0 0
() 0 0
0.0

D d speed for
Range: non-neg floating-point
Units: axis units/ time units
Default value: 10

Show: Al items

“ | From: Al tems

)

Project System

Compare Cooanatesyems = < I

Sync Coordinate System Settings (PMAC to PC)

Sync coordinate system settings give the ability to upload the currently saved CS structure

elements from the Power PMAC to the project.

On selecting this option, a confirmation dialog will be displayed as shown below:

Upload

o Are you sure you want to upload settings from device '10.150.168.237'?

On Clicking Yes, if the CS View Editor is open in the IDE, a confirmation dialog will be displayed
confirming that any unsaved data will be lost by performing the upload.
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Upload

The following items are open and any unsaved changes will
be lost. Are you sure you want to continue?

CoordinateSystem1

On a successful upload the CS in the project will be synchronized with the Power PMAC motor
structure elements.

A This option is useful if the CS structure element has been changed outside of
> project domain such as in the Terminal window.

Note

Export as Item Template

The CS can be exported or imported as item templates. All the CS settings will be exported
during this process.

The typical use of the CS template is to setup a complete CS, and then share this with another
user.

This User can then Import the CS, using Import item template option, and use it in their project
saving the time of having to create the CS settings from new.

Using this option the User can:

+ Export a CS in order to use it in another project

* Import a CS to reuse in their own project

* Create a new CS/ from an Imported CS/ Iltem Template

» Choose whether or not to automatically Import an Iltem Template into Power PMAC IDE
project at the point that it is exported

* Delete imported Custom Item templates

To export a CS settings as a Template the user will need to right click on CoordinateSystem
node under Coordinate System and choose the “Export as Item template” option as shown
below:
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Y

Open
Compare

Scope to This

@ New Solution Explorer View
¥ Cut Ctrl+X
0 Copy Ctrl+C
X Delete Del
Sync Coordinate System Settings(PMAC to PC)
I Export as Item Template... I
F Properties Alt+Enter

On selecting the option, a new export item template dialog will be displayed, as shown below:

Export Item Template X ‘
Template: CoordinateSystem1
Description: This is my coordinate system setup

Export options: [] Export to the following folder:

C:\Temp

[] Automatically import the template into Power PMAC IDE

l OK II Cancel l

On selecting Ok, the acknowledge message will be displayed and template will be exported and
stored into the location defined in the dialog.

Export ltem Template x

o 'CoordinateSystem1’ was imported successfully.

The ltem Template 'CoordinateSystem1’ was successfully
exported to "Ch\Temp'.

The User has ability to store the template to any folder by ticking the “Export to the following
folder” checkbox.

By default, the template will be imported to be used in the current instance of the IDE. Un-ticking
this check box will not import the template into the current instance of the IDE. In this case use
Template Manager from File Menu to import Coordinate system template.

Power PMAC IDE User Manual 358



Project System

By Default, the template will be available as shown below when Add Coordinate System is

selected....
Add Coordinate System X
Add Coordinate System X
Coordinate System: | 2 N
Coordinate System: | 2 v Template:
Template: None v Description: This is my coordinate system setup
None

© Coordinate Syster
from the Power P

Coordnateysteml . |

| oK

|| Cancel ]

© Values from the template will be downloaded to the Power PMAC.

OK H Cancel I

Encoder

The Encoder tables’ settings are stored in the Encoder file. The Hardware Interface block on the
Motor Topology writes to the Encoder file on Accepting the data. These settings are then used
in creating the systemsetup.cfg on build. On double clicking the Encoder viewer. This is read-
only and will allow user to verify encoder table setting for configured motor. The viewer will look

like this...
4 System
b CPU Table Entry Number
b Hardware Troe
“ EtherCAT o
& Masterd (Deactivated)
Motors

Coordinate Systems
4 Encoder

I &) Encoder

=

Edt  Swuchwe Element
ECT entry 1 detais
Source ASIC Type
ASIC Index £
Chan Index 2

Result Unts per Quad Count

rcece =<

Number  Type  pEnc

Acc24E 24441 Chan{ ] ServoCagt a
Acc24E244) Chani2) ServoCapta
Acc24E2444] Chani3) ServoCapta

ey
cwwe

pnct

Rcc24E2404] Chani 1] TimeBetweenCls
Acc24E2A14) Chani2] TimeBetweenCls 3
Acc24E2414] Chani3| TimeBetweenCts o

seele

Select Device 1o start communication
Getting updated values of ECT entres rom Power PMAC
Getting updated value of ECT enty 1 from Power PMAC
Getting updated value of ECT entry 2 hom Power PMAC

Gemng
[ECT entry 1 ype 3 Software 1T Encoder Extension (Acc24x)
[ECT entry 1 type 3 SoRware 1T Encoder Extension (Acc24x)
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Application

This is the new folder added in the Power PMAC project. The application folder can be added to
existing project by right clicking the project and selecting Add Application context menu. The
workflow is shown below. The Add Application is dynamic. As soon as the folder is added to the
Project the Add Application menu will disappear from context menu. If user only adds one
application, then the context menu will dynamically change to Add Application Item to add other
applications from the list.

-

kid Build
Rebuild
Clean
Scope to This
@ New Solution Explorer View
Build and Download All Programs
Download All Programs Select project applications
Map Power PMAC Variables S s —
Export Project with IP Protection. Ganer,
Export Project Template. s
Compare Project
Add Macro
>
& Cut Ctrle X
X Remove Del
Unload Project
@ Open Folder in File Explorer
# Propeties Alt- Entes e =

Another way to get Application folder in the project is using Project Wizard to create project. It is
explained under File -NEW-Project/Project Wizard

There are currently four Power PMAC common application are supported

1. Compensation Table

2. Gantry

3. Homing

4. TCR (Requires CK3WGCxxxx hardware)

Application Expectation:
(s Motor is fully configured using System Setup (Recommended) and can freely jog
Note
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Compensation Table

To add this App, use the Add Application or use Project wizard. Typical workflow shown below.
This workflow shows that the compensation table application added using Add Application item
context menu.

Select project applications

%) 6 Contrets

As shown above the compensation added under Application Node, marked with Red square.

As it is part of the project it is integrated with project, so all the setup parameters are stored with
the project.

The Power PMAC Comp Table Setup window is used for setting up Compensation Tables in
Power PMAC (i.e. the members of the CompTable[x] structure). Power PMAC Compensation
Tables can be configured for 1D, 2D. The main window for a 1D Compensation Table appears
as follows:
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Compensstion & X
(~) 1. Configuration (%) a.pata
Compensation Table Number: |0 Sourcell] Position Correction Value
o o
Compensation Table Dimension: | 1D (Linear) -
100 )
Interpolation Method: Linear < 200 o
300 o
(~) 2_Sources
400 o
Select Source: Sourcel0] 500 o
600 o
Motor Number: 1
700 o
Position Type: Net Desired Position v 200 0
200 o
Boundary Controk: Maintain Last Correction - o
Correction Starting Position: o
Correction Span In Position: 1000
(~) 5. Watch Table o
Mumber Of Zones: 0
Parameter Value
(~) 3. Targets
Mumber OF Targets: 1
Select Target: 1
Motor: 1
Correction Type: Actual Position > (@) 6. Controls
Turn OnfOff Current Table: [i Q'S
Output Control: Override previous table correction v
Scale Factor: 1
Download Data to PMAC ‘ | Upload Data from PMAC A\ Enable (up to this) Table Disable All Tables
Structure Element:
Description:
Range:
Default value:

A 2D Compensation Table appears as follows:

Compensation” & X
() 1.Configuration (@ 4.pata
Compensation Table Number: |0 Source[1] Source[0] 100 200 300 400 500 600 700 800 900 1000
0 0 0 0 0 0 0 0 0 0 0 o
C Table Dimension: | 2D (Planar)
100 o o o o o o 0 0 0 0 0
Interpolation Method: Linear - 200 o o o o o o o 0 0 0 0
300 o o o o o o 0 0 0 0 0
(2) 2.Sources
400 o o o o o o o 0 0 0 0
Select Source: Source[0] N 500 0 0 0 0 0 0 0 0 0 0 0
Motor Number: 1 500) 0 9 0 0 9 0 0 9 0 g g
700 0 o 0 [} o [} [) o [} [) o
Position Type: Net Desired Position v 200 0 0 0 0 0 0 0 0 0 0 o
%00 [) o [) [) o [) [) o [) [) o
Boundary Control: Maintain Last Correction v
1000 o o o o o o 0 0 0 0 0
Correction Starting Position: 0
Correction Span In Position: 1000
(2) 5. Watch Table o
Number Of Zones: 10
Parameter Value
3. Targets
o= ) Source]
Number Of Targets: 1 2
MotorlT1.CompPos 0
Select Target: 1
Motor: 1
Correction Type: Actual Position v @ 6. Controls
Turn On/Off Current Table: oA
Output Control: Override previous table correction ¥
Scale Factor: 1
Download Data to PMAC ‘ ‘ Upload Data from PMAC A Enable (up to this) Table Disable All Tables
Structure Element: N/A
Description: Two dimensions are 10 and 2D for lincar and planar respectively
Range:
Default value:
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The Comp Table Setup grid contains three sections:

A. Configurable items in the property grid are categorized into six sections:
1. The “Configuration” section includes the following items:
a) Comp Table Number: runs from 0 to 255.
b) Comp Table Dimension: allows the user to select the dimension of the

c)

Compensation Table from three choices: 1D-Linear; 2D-Planar.

Interpolation method: Linear or cubic.

With linear (first order) interpolation, the correction in the dimension of the source
is calculated as a linear fit between the points on either side of the present
position. It can have sudden changes in slope as it passes a point in the table,
which may result in noticeably rough motion.

With cubic (third order) interpolation, the correction in the dimension of the
source is calculated as a cubic fit using two points on either side of the present
position. The slope of the correction is always continuous, yielding smooth
motion. This interpolation takes about twice the calculation time of first-order
interpolation.

2. The “Sources” section includes the following items:

a) Select Source: Depends upon the dimension of the Compensation Table: 1
for Linear, 2 for Planar. User has the option to select the motor number for
each source motor. For 1D, only Source[0] is displayed; 2D, Source[0] and
Source[1];

b) Motor Number: Specify the motor number for each target.

c) Position Type: The position type can be “Net Desired Position” or
“Uncorrected actual position”

d) Boundary Control: there are three possible choices for the boundary control.
Roll Over: Rolls over at table boundary
Maintain Last Correction: Maintains last correction past the table boundary
Mirror: Mirrors the table correction at the boundary

e) Correction Starting Position: sets the correction starting position of the
compensation table.

f) Correction Span In Position: Sets the total span of the compensation table.

g) Number Of Zones: Sets the total number of zones in the compensation table.

3. “Targets” section includes the following items:

a) “Number of Targets”: Power PMAC Compensation Tables support up to 8
target addresses.

b) “Select Target”: Select target is populated based on the number of targets
and one target can be selected.

c) “Motor”; Specify the target motor number for each target.

d) Correction Type: There are 6 different types of corrections. Actual Position,
Actual Velocity, Backlash, Desired Position and Torque.

Power PMAC IDE User Manual 363



Project System

e) Output control: Supports two options. Override previous table correction and
Add To Previous Table Correction.

f) “Scale factor”: the target scale factor.

g) “First Data Point” is the table’s starting point in motor units in the given
dimension.

h) Total Span specifies the length of the compensation table in motor units.

i) “Number of Zones” is equal to the number of sections between the First Data
Point and the Last Data Point, which can be computed as (First Data Point +
Total Span).

4. Data Values for each Dimension:

Based on the Data Properties grid items, enter data values at equally spaced
points between first and the last point.

For 1D Tables, a 1D list of points is generated. Each correction value entered in
the list corresponds to the CompTable[n].Data[i] structure, where n specifies
the Compensation Table number and i specifies the 15t dimension point index.
For 2D Tables, a 2D Data Grid is generated. Each correction value entered in the
2D grid corresponds to the CompTable[n].Data[j][i], where n specifies the
Compensation Table number, j specifies the 2" dimension point index and i
specifies the 15t dimension point index.

a) “Import”: The import allows the user to import a comma separated table (.csv)
file. Import button prompts the user to open a data file corresponding to a
previously configured Compensation Table. If the dimension in the property
grid and data values (given by a comma separated file) match, then the
values are appropriately added in the data grid.

Following is typical csv file for 1D and 2D...

1D csv file

Source{0] Position Correction Value

A

W 00~ O s W -

- -
-

Import data from a comma separated table, ex.:

W 00~ v n b W N =

=
-2

0
100
200
300
400
- 500
600
700
800

900
1000

olo|l|loflo|lo|le|o|lleolle|elle
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2D csv file
Import data from a comma separated table, ex.:
Source[1]
Source[0] —
A B C

1 1 1 1
2 2 2 2 [
3 3 3 3|
4 a a a ‘
5 5 5 5
6 6 6 6
7 7 7 7
8 8 8 8 ‘
9 9 9 9
10 10 10 10
1 11 1 11 ’

Source[1]

0
100
200
300
400
500
600
700
800
900
1000

Source[0] ¢

0
0
0
0
0
0
0
0
0
0
0

olooeeeelalelale

slelel=elelelelelel<
olocooeoooelo o
oo o oo o ooolola

slielel==leleleleliel
olooeeeeloeale
ololoceooooalo

sl

900 1000
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0

b) “Export”: The export allows the user to export the compensation table into a
comma separated (.csv) file.

5. Watch Table:

This section enables the user to monitor some source and target parameters. To
enable the watch table the toggle button can be toggled on or off. The data
should be downloaded to PMAC and the table must be enabled before watching

the parameters.

6. Controls:

This section allows the user to turn the current table on or off. The source motor
must have completed a homing move before a table can be enabled.

7. Atthe bottom of the screen, four buttons are provided for the user’s convenience to

achieve the following tasks:

a) Download Data to PMAC allows the user to download complete Compensation
Table configurations and data values to Power PMAC. This should be done after
the Table is crafted using this tool. On Download it also creates compatable.pmh
file under Global Includes. It stores the table so on build and download it will get
loaded to Power PMAC after reset. It shows like this...

4 Global Includes
[ global definitions.pmh
[) ECATMap.pmh
[) Homing Definitions.pmh
[) comptable.pmh
Kinematic Routines

=

to-ge

CompTable[@].Source[@] =
CompTable[@].Target[0]
CompTable[0].5f[0] = 1
CompTable[@].Target[1]
CompTable[@].Sf[1] = 1
CompTable[@].Target[2]
CompTable[@].Nx[@] = 10
CompTable[@].Mx[1] = @
CompTable[0].Nx[2] = @
CompTable[@].Xe[@] = 100
CompTable[@].0x[@] = 1000
CompTable[@).Data[@] = @,
CompTable[0].Ctrl = (Comp
CompTable[0].0utCtrl = (C
CompTable[@].SourceCtrl

1

= Motor[1].CompPos.a
= Motor[1].CompPos2.a

-0

,0,0,0,0,0,0,0,0,0
Table[0].Ctrl & $F3)|S0
ompTable[@].OutCtrl & $E)|S1

-0
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b) Upload Date from PMAC button uploads Table number n corresponding to the
table selected in the CompTableNumber field and its data values from Power
PMAC and displays the complete configuration on the screen.

c) Enable (up to this) Table button enables all the tables up to the current table.

d) Disable All Tables button, disables all the compensation tables.

Gantry

To add this App, use the Add Application or use Project wizard. Typical workflow shown below.
This workflow shows that the gantry application added using Add Application item context
menu.

Select project applications

.......

As shown above the Gantry added under Application Node, marked with red square.

As it is part of the project it is integrated with project, so all the setup parameters are stored with
the project.

The below screen shows the configuration screen...
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s _________________________________________________________________|

@ 1.Configuration

Leader: 1 -3 E

Gantry Follower(s): 2
Skew Removal Slew Rate: 0.5 mu/sec
@ s
Couple: (\,l i ]
Open Loop Test: % MaxDac: 1 =l

Dac Value: 280
Open Loop Command: l:l (i ]

Leader's Present 32000 mufsec
Jog Speed:

Jog Motor

‘ Servo On ‘ | Servo Off |

Accept

Gantry configuration involves two steps Configuration and Test.

1. Configuration

The Leader Dropdown automatically filled if the motor exists in the project OR motors are active
(Motor[n].servoctrl = 1). The follower is always next sequential number from Leader motor
number. Current setup supports one leader and one follower.

Hoovering the mouse will give following warning...

This motor was set up outside of the system setup environment. Motor Structure elements will
not be saved automatically. It is the user's responsibility to update/save those in their pmh files.

A disadvantage is the Gantry motor setup elements will not be written to the file and user will
require to maintain the settings on their own.

It is our recommendation to use motors that are that are part of the project and configured using
system setup to get all the project integration benefits.

-~
® Press this to refresh and update drop down.
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i J

Enables the motors to be coupled together as a Gantry system, or disable this feature to run as individual motors.

Like across the IDE the info icon will provide additional information about the parameter or
control.

Please enter the skew removal rate. It is important to enter the non-negative floating skew rate
for proper functioning of gantry.

On completing the configuration press Accept to setup gantry configuration for Leader and
Follower. On success the output will be written to Power PMAC message window as well as
respective Motor file. On build and download these settings will be part of systemsetup.cfg file.
A sample setting are shown below.

Motor[1].Ctrl=5ys. GantryACtrl
Motor[1].Extrabotors=1
Muotor[2].Ctrl=S5ys.GantryXCtrl
Motor[2].5ernvoCtrl=8
Motor[2].CrmdMotor=1
Motor[2].GantrySlewRate=0.00083548422

2. Test

The one important step before testing gantry is making sure the direction of the leader and
follower is same. To do so the open loop control is provided. We recommend to use very low %
MaxDac . This % can be selected in increments of 0.1.

Open Loop Test: % MaxDac: 1] )
Dac Value: 280
Open Loop Command: I:l

Enter appropriate %MaxDac in the numerical box. The DAC output will be displayed in the Dac
Value RO box.

Using + and — button test the gantry motor direction. If the directions are same then you can use
Jog Box to verify Gantry motion.

Couple: (-\I Couple:

Couple will enable gantry functionality indicated by Green switch. Couple OFF will decouple the
gantry configuration. Default is Off because this is Gantry setup and user is setting up.
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Please choose an appropriate and safe Open loop value by choosing
= safe %MaxDac value. If the leader and follower motion direction are not same,
Not choosing high MaxDac value may damage the machine.
ote

Couple is ON

Motor[1].Ctrl=5ys.GantryX Ctrl
Motor[1].ExtraMotors=1
Motor[2].Ctrl=5ys.GantryX Ctrl
Mator[2].5ervoCtrl=8
Motor[2].CrmdMotar=1
Motor[2].GantrySlewRate=0.00044274211

Couple is OFF

Motor[1].Ctrl=5ys.5ervo Ctrl
Motor[1].ExtraMotors=0
Motor[2].Cirl=5ys.5ervoCtrl
Motor[2].5ervoCtrl=1
Motor[2].CmdMotor=0
Motor[2].GantrySlewRate=0

Typical Gantry Setup Steps

1. Open Project using Wizard and make sure to select Gantry application

2. Setup minimum two motors using system setup

3. Select Gantry and in the leader, box select leader. Follower will be automatically added

4. This completes the gantry configuration

5. Go to test section. Default is decoupled, in this make sure the direction of motion is
same for both motors using small open loop move. Increments are 0.1%. Once direction
confirmed click Couple to couple leader and follower

6. Using Jog control Servo On and try to Jog the gantry axis.

Please choose appropriate and safe Open loop value by choosing
S safe %MaxDac value. If the leader and follower motion direction are not same,
ot choosing high MaxDac value may damage the machine.
ote
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Removing Gantry

To remove the Motors from gantry mode, simply right click on the gantry and select Delete or
select gantry App and press Delete Key. On delete it will ask you to confirm the selection as
shown below...

Power PMAC IDE 4

| ‘Gantry’ will be deleted permanently.

Cancel

On selecting OK it will remove all the motor that are set in gantry mode and it will also update
setup file.

Once Delete there is no UNDO! User will need to reconfigure gantry.

Homing

To add this App, use the Add Application or use Project wizard. Typical workflow shown below.
This workflow shows that the Homing application added using Add Application item context
menu.

403 Appication tam

: On pressing ADD

As shown above the Homing added under Application Node, marked with red square.

As it is part of the project it is integrated with project, so all the setup parameters are stored with
the project.

The below screen shows the configuration screen...
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High True.  Low True (n) Scenarion . End location/area
(») 6Test
High True  Low True
N L ]
mu/sec Pos L4
He )
Rat
€ ©
miec
’ °
Present Jog Speed: mu/Se
o Jog Motor
~ S ()
Servo On Servo Off |

(~) 5.Motion Diagram

Homing © x NI
(~) 1.Configuration
Motor Type Single Motor Gantry
Motor Number: 1 v LA 2
Copy Homing Settings From Motor | No Motors
Operation Timeout 15 sec
Amp. Enable Delay: 1 sec
(~) 2.Starting Location
GoTo: None (Default)
(~) 3Home
Home To: Encoder index
Gated w/AQuadB: True False
Gated w/flag: Home flag
Speed 1
Acceleration: Time
Unear: 1
S$-Curve: 1
(~) 4.Home offset and Soft Limits
Home Offset: o
Negative Soft Lima: o
Postive Soft Limit: o
Soft Limat Offset: ]
Abs Phase Pos Force: °
L. Note: It is necessary to Build and Download the project after Accepting Home setup.

Home to encoder index/touch probe
& flag in the negative direction

Negative Positive
limit limit
Motor
O —TTY)
(2) X---em-
-
X (3)
----------------------- Rt S
-

[ 1 Index/touch probe

1

X Start location/area

o

Project System

Homing configuration requires total 6 steps. Next section will explain this section.

1. Configuration

Here is the configuration section. Select appropriate type for setting homing.

@ 1.Configuration

Motor Type:

Motor Mumber:

Operation Timeout:

Amp. Enable Delay:

Single Motor

1 !

Copy Homing Settings From Motor

Gantry

|
[ =

Mo Maotors

15 SEC

1 SEC
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It can be Single Motor or Gantry motor. Default is Single motor. If Gantry is selected, we will
automatically check for follower motor and fill the box else error will be displayed when you will
hoover the mouse on the Follower box that is with red border.

follower found and Gantry homing selected

Motor Type: Single Motor Gantry
Motor Mumber: 1 ™ ! =

Gantry Follower(s): 2

No follower found and Gantry homing selected...

Motor Type: Single Motor Gantry
Motor Number: 3 ¥ i =

Gantry Follower(s): |:l

‘ Motorl1 has no gantry follower(s). Please setup the follower motor. (You can use gantry application Ul). r

Hoovering the mouse will give following warning...

This motor was set up outside of the system setup environment. Motor Structure elements will
not be saved automatically. It is the user's responsibility to update/save those in their pmh files.

Warning sign indicates that the selected motor is not present in the Project tree under System-
Motors.

A disadvantage is homing motor setup elements will not be written to the file and user will
require to maintain the settings on their own.

It is our recommendation to use motors that are that are part of the project and configured using
system setup to get all the project integration benefits.

It is our recommendation to use motors that are that are part of the project and configured using
system setup to get all the project integration benefits.

-~
® Press this to refresh and update drop down.

Copy Homing Settings From Motor TR

IF user is setting multiple homing configuration then
after completing any configuration for motor then the motor will appear in the drop-down next to
Copy Homing settings From Motor. This is beneficial if the homing configuration is same for
other motors and will save the time.

Power PMAC IDE User Manual 372



Project System
Operation Timeout and Amp enable delay as they say are for compensating for homing
condition delay and can be varied depending on the system.

2. Starting Location

Here is the configuration screen. It is simple and self-explanatory. Make choices to set Starting

location
A 2.5tarting Location
GoTo Mane (Default) b
Initial Direction Positive  Megative
Speed 1 ru/sec
Acceleration Time Rate
Linear 1 MEec
5-Curve 1 Msec

Mone (Default) ¥

Maone (Default)

Megative limit
Positive limit

Home flag

GoTo options are . These options are disabled if Home To option are
selected as Touch Probe 1S D input or Touch Probe 1S Z input. Default is None.

3. Home

Here is the configuration screen. It is simple and self-explanatory. Make choices to set Home
condition.
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Home To:

Gated w/AquadB:
Gated w/flag:
Home Direction:

Speed:

Acceleration:

Single Turn Only:

Home On Power Up:

Encoder index = High True
True False
Home flag < High True
Paositive Megative
1 mu;sec
Time Rate
Linear: 1 Mmsec
5-Curve: 1 rnsec
True False
True False

Low True

Low True

Home To Drop down choices

Encoder index v

Encoder index

Megative limit

Positive limit

Home flag

Absolute encoder (hmz)
Present Position (hmz)
Touch probe(15 D input)
Touch probe(15 Z input)

Gated wi/flag choices

Home flag -

Mone (Default)
Negative limit

Pasitive limit

Home flag

Default is Encoder Index and Gated wi/flag is None

These choices are dynamic and depending on GoTo and Home can change.

Gated w/AQuadB option only available if the Home To is selected as Index.
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Touch Probe 1S D input and Touch Probe 1S Z input these are two methods for EtherCAT
OMRON 1S drive only.

Power PMAC IDE will keep enhancing Homing for EtherCAT in future versions.

EtherCAT Homing supprt for OMRON 1S drive only. Touch Probe 1S (D input/Z
A input) option will be only availabe if the Power PMAC IDE detects the Motor uses
= -
1S drive.
Note

4. Home Offset and Soft Limits

Here is the configuration screen. It is simple and self-explanatory. Enter the appropriate value if
needed.

(~) 4.Home offset and Soft Limits
Home Offset: 0 mu
Megative Soft Limit: 0 mu
Positive Soft Limit: 0 mu
Soft Limit Offset: 0

Abs Phase Pos Force: 0 mu

5. Motion Diagram

This section based on combination of GoTo, GoTo Direction, Home To, Home To Direction.
The diagrams are not available for Present Position (HMZ) and Absolute Encoder (HMZ.)

Here is the sample diagram for selected combination.
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@ 5.Motion Diagram &

Home to encoder index/touch probe
& flag in the positive direction

Negative Positive
limit limit

Motor

(1) Xrereereesssses >e
X (2)

(3) M=+ >
B 4
R
Home offset [-) Home offset (+)

|_| H _| H Index/touch probe

Flag

X Start location/area
(n) Scenarion [ ] End location/area

The info icon will provide Homing scenario for the current selection for the motion diagram. Here
is the sample info card for motion diagram.

0

Scenario (1)
Motor homes to index/touch probe & flag in the positive
direction, then moves by the home offset distance.

Scenario (2)

If on flag (regardless of index/touch probe), Motor finds the
flag edge in the negative direction, reverses and homes to
the index/touch probe 8 flag in the positive direction, then
maves by the home offset distance.

Scenario (3)

Motor reaches the positive limit, reverses and finds the
index & the flag (flag edge only in touch probe case) in the
negative direction, finds the second edge of the flag in the
negative direction, reverses and homes to the index/touch
probe & flag in the positive direction, then mowves by the
home offset distance.

Following are the cases currently Motion diagram is available for.

Motion diagram number is not present on the user interface this is reference table for possible
combinations. Each combination will have its own info card.
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DIAGRAM HOMETO HOMETO DIRECTION
Index
T h be (15 onl
1 ouch probe (15 only) Negative
Home flag
Index
Touch probe (15 onl
2 P ! vl Positive
Home flag
3 Negative limit Must be negative
4 Positive limit Must be positive
5 Index & flag Negative
B Index & flag Positive
7 Index & negative limit |Must be negative
B Index & positive limit |Must be positive
DIAGRAM GOTO GOTO DIRECTION HOMETO HOMETO DIRECTION
Index
9 Negative limit Must be negative Must be positive
Home flag
Index
10 Positive limit Must be positive Must be negative
Home flag
11 Negative limit Must be negative (Index & flag |Must be positive
12 Positive limit Must be positive |Index & flag Must be negative
H fl Ind
13 gme 28 Negative neex Negative
H fl Ind
14 gme 28 Negative neex Positive
H fl Ind
15 gme 28 Positive neex Negative
H fl Ind
16 omeTEs Positive neex Positive
6. Test

This section as it said allows user to verify the Homing setup.

After setting all the section 1 to 4 user can Accept the setting.

Note

Homing Accept Expectation:
Build and Download of the project is necessary if user using C app otherwise
Download All is necessary before testing the Homing configuration.

Here is the configuration screen
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@ 6.Test

~Homing Status

 Homing Flag Status
Megative limit [ ] Home in progress ®
Positive limit [ ] Homing Complete [ ]
Home flag [ ] Gantry Homed [ ]
Encoder index ®
Touch probe [ ]
 Homing Routine Status
Routine not started
Present Jog Speed: | 32000 mu/Sec
log Mator
g = & =
Abort Test
Accept

Project System

After Accept, build and download the project. This will ensure the new configuration is uploaded

to Power PMAC.

On Accept it will create following PLC and Motion program and automatically add to the project.

System
C Language
Configuration
Documentation
Log
PMAC Script Language
- Global Includes
[ 00- System Gates.pmh
[ 01- Global Definitions.pmh
[ 02- 10 Pointers.pmh
[ 03- Enc Conversion Table.pmh
[ 04- Brushless Motors.pmh
[ 05- Steppers Encoder.pmh
[ Linear Sine Mtr.pmh
(M) Homing Definitions.pmh
Kinematic Routines
- Libraries
[) Delay Timer.pmc
[®) HominglO.pmc
(&) Homing.pmc
4 Motion Programs
- PLC Programs
[ 00- RealTime.plc
[ 01- PowerOnReset.plc
(W) Homing.plc

N
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After Build and Download user can press Run Test and this will start Homing move for the
selected Motor and configured condition. On success the screen will show like this ... This is for
current combination of homing configuration...

@. 6.Test

Negative limit Heome in progress ®

Positive limit Homing Complete [ ]
Home flag Gantry Homed ®

Encoder index

e @ @ o o

Touch probe

Home trigger found (homing completed)

Present Jog Speed: 32000 mu/Sec

Jog Motor

| Servo On Servo Off |

Abort Test

Accept

User can Abort the test using Abort Test button and only visible when Run Test is active.

User can use Homing status/Homing flag status to test the homing sequence by manually
moving the motor or user can also check the limit or home switches and verify it's functioning
using Homing status.

Typical Homing setup steps

1. Open Project using Wizard and make sure to select Homing application

2. Setup motors using system setup

3. Open Homing setup screen by double clicking the Homing from Application node.

4. Select Motor type

5. Motor number will fill up automatically if Motor is setup else press refresh to update the
list. Select the Motor from drop down.

6. If some other motor is already configured it will available to copy else ‘Copy Homing
Settings From Motor’ drop down will say No motors.

7. Select Go To option and set Speed and Type of acceleration from Starting location

8. Select Home To option and set Speed and Type of acceleration from Home location

9. If needed setup Homing offset and soft limits. These value will be stored in the Motor
setup file.

10. Make sure the Motion diagram shows the requested homing sequence.

11. Accept the settings to create necessary PLC and Motion program

12. Download all Programs or Build and Download the project.
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13. Test the homing sequence using Run Test button. On pressing the button IDE issues
following command
HmMtr(motor number) = 1

Enable PLC HomingPLC

Once the homing works satisfactorily user can invoke the Homing PLC for the appropriate
motor from any other PLC based on the Input.

Removing Homing

To remove the homing configuration, simply right click on the homing and select Delete or select
homing App and press Delete Key. On delete it will ask you to confirm the selection as shown
below...

Power PMAC IDE *

| 'Homing' will be deleted permanently.

Cancel

On selecting OK it will remove homing configuration for the motors. It will also remove the files
created by homing setup on Accept. Following files will be removed on deleting homing
application from project...

HomingDefinitions.pmh

HominlO.pmc

Homing.pmc
Homing.plc.
Once Homing application is Delete there is no UNDO! User will need to
= reconfigure homing.
Note
TCR

To add this App, use the Add Application or use Project wizard. Typical workflow shown below.
This workflow shows that the TCR application added using Add Application item context menu.
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234 2ppix ston Rem

Scopeto The Select project applications
B New Sokion Explorer View pphcaton eme
X Ddete ot | I
F Propeties Aoty |

On pressing ADD

A3d Appbaton tem
E> Accessones

As shown above the TCR added under Application Node, marked with red square.

As it is part of the project it is integrated with project, so all the setup parameters are stored with
the project.

The below screen shows the configuration screen...

@ Configuration

Compare Table: Enable Disable @)
Compare Clack Select: Serva Phase @
Compare Output Polarity: High True LowTue @
Table File Name: Tablel o
Compare Locations: Buffer Number Compare Table Value o

Export Download Clear

1. Configuration

Below is the configuration Section. The user interface allows user to configure table. The table
is used to generate Trigger output by Commanded distance for Rapid processing. The
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configuration parameter is self-explanatory. The info icon will provide additional information
about the parameter as shown below.

i

fa‘ Mame of the header and table pmh files as well as the exported .csv file name.
I

@ Configuration

Compare Table: Enable Disable O
Compare Clock Select: Servo Phase i ]
Compare Output Polarity: High True LowTrue
Table File Mame: Tablel 0
Compare Locations: Buffer Number Compare Table Value 0

Export Download Clear

User can choose source of the clock, Polarity. Compare Location is fully editable table where
user can import the table from csv file or type the table entry for quick testing the TCR feature.
User can delete, export or clear the Table.

The Compare Table option must be disable while loading (Download) the table to the card.
There is total 4095 entries possible in the table.

The csv format is simple two column, first the number and the second column value, as shown
below...

12
13
14

16
17
18
15
20

W00 = O L R W =
WO s W N e
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The info icon next to the table will show the csv file format too, as shown below.

Compare Locations: Buffer Number Compare Table Value i)
1 12

13
3 14 A B

Name of the header and table pmbh files as well as the exported .csv file name.

ERENRE- R R ERY FRE

| Import || Export || Download || Clear |

On pressing Download it does follow action

1. The table is downloaded CK3WGC hardware.
2. It also writes what we are writing to the Power PMAC Message window.
3. Generates file specified by user under Table file name under Global includes folder.

D) OFmors | & OWamings | () 9Messages | T 20utputs

Date Location Module Description
© 4232021100925 AM Power PMAC T Download table - setfing Gate3{1].Chan[ 1].CompB=13.
0 42372021 100825 AM Power PMAC T Download table - setting Gate3{ 1].Chan| /].CompB=14.
0 472372021 10:0%:25 AM Power PMAC T D - selting Gate3{ 1].Chan }.CompB=.

0 472372021 100325 AM Power PMAC Tar Dowioad table - setting Gate3[ ] Chan{ 1} ComgB=14.
T 4/23/2021 10:08:25 AM  CA\ProgramDat\Delta Tu\PowerPMAC Projects\PowerPMAC IDEWA.x\PowerPMAC 08\ Application TCR crapp C\ProgramData\Delta Tu' PowerPMAC Projects\PowerPMAC IDEWA: PowerPMAC 1 08\Application! TCR tcrapp. sys.wpkey = 0

User can use this file from their HMI software and using gpascii command will be able to
download the table to the hardware. The command for Table.pmh file is..

Gpascii —iTable1.pmh

On pressing Accept it generates TcrDefinition.pmh file that user can use in motion, plc script file.
The file looks like.

// variable definitions for CK3WGC[x].Chan[@].CompB
PTR CommandDistanceVar->u.io:$984854.8.32

// Variable definitions for CK3WGC[x].Chan[1].CompB
PTR CompareTableVar-»u.ic:$9684804.8.32

W kb

/f Variable definitions for CK3WGC[x].Chan[2].CompB
PTR CompareEnableVar-»u.io:$964154.31.1

PTR ClearTableVar->u.io:$9684154.38.1

PTR CompClockSelectVar-»u.io:$964154.29.1

1@ PTR CompOutputWriteVar-»u.io:$984154.26.2

11 PTR CompOutputPolarityVar-»u.io:$984154.25.1

WOBa s W e

12

13 /f Variable definitions for CK3WGC[x].Chan[3].CompB
14 PTR CompOutputPinVar-»u.io:$964104.31.1

15 PTR TableWritePointerVar-:u.io:$9841D4.12.12

16 PTR ComparePointerVar-»u.ic:$904104.8.12

i
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This Application is supported by CK3WGCxxxx hardware only if user opens TCR application
that does not have the CK3WGCxxxx hardware the user interface will show the warning as
shown below.

LN Homing™
! Current detected hardware does not support TCR feature. This features requires CK3W-GC1200/CK3W-GC2400 hardware.
@ Configuration
Compare Table: Enable Disable o
Compare Clock Select: Servo Phaze 0
Compare Output Polarity: High True Low Tue @
Table File Mame: Tablel 0
Compare Locations: Buffer Number Compare Table Value (i ]

Background Programs

This folder contains the files for background C programs. These are applications that run in the
free background time of Power PMAC. A new C application can be added by right clicking the
Background Programs folder and then clicking “Add a new Background C Application”:

= =

maasssround Programs

Scope to This
Mew Solution Explorer View e
& Properties Alt+Enter  [*°
- me Routines
Add a new Background C Application code.c
| —

Give the application a name and the IDE will create a new folder for that application’s source
code files underneath the Background Programs folder.

If the application needs to run at startup right-click the application’s subfolder e.g. called “capp1”
in the screenshot above, click Properties and then in the Properties Window select “Yes” in the
“Run at startup” field as shown below:
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Properties ¥ B2 X

capp1 Folder Properties =

= CApp Startup option

Run at startup No
= Misc

Folder Name capp1
= Power PMAC Setup

C App Property

By

Downloading the C Source
C source files can be individually selected to be downloaded to the device. By default, no C

source files are downloaded. To change this setting:

1. Right-click on the project and select Properties.
2. Locate the Download C Source Files option and select Yes or No.
3. If Yes is selected the project will download the C source files to the Power PMAC.

Any time changes are made to the Download C Source Options a message indicating that a
$$$*** command should be issued before downloading the project will be displayed. Since
some of the C source files might be on the Power PMAC it is necessary to reset the device
before downloading the project.

=

Please be advised that you are modifying the download process! To ensure that
the Project and the Power PMAC are in sync with your selection, you would need
to issue a 8557 command.

CPLCs

This folder contains folders for Background C PLCs (BGCPLCs) and Real-Time Interrupt
CPLCs (RTICPLCs). To create a new BGCPLC right-click the CPLCs folder and click “Add a
new User CPLC Project”:
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Scope to This bgcplc00
New Solution Explorer View rticplc
M Properties Alt+Enter :IUd_E
Jraries
Add a new User CPLC Project \altime Routines
| %

Select the new BGCPLC’s number and the IDE will create a new folder for that BGCPLC'’s
source code.

It is not possible to create a new RTICPLC folder because only one RTICPLC is permitted on
the Power PMAC. This is found in the folder labelled “rticplc” under the “CPLCs” folder.

Include

The Include folder contains C header files (*.h) which can be included by any of the C program
files (*.c).

Libraries

The libraries folder contains subfolders which contain libraries which have been written or
included. To create a new subfolder in the library right-click on Libraries and select “Add a new
C Library Project”:

Scope to This Itime Routines
New Solution Explorer View srcode.c
# Properties Alt+Enter 5rc_c:de.h
ration
Add a new C Library Project ustom_save.cfg
| [

Give the library a name and the IDE will create a new subfolder where the source (*.c) and
header (*.h) files can be placed.

Realtime Routines

The Realtime Routines folder contains the source and header files for user-written servo and
phase algorithms. The source file is called usrcode.c and the header file is called usrcode.h.

usrcode.c contains the functions used in user-written servo and phase algorithms. usrcode.h
contains the prototypes of these functions and exports the functions as symbols. Please refer to
the section of the Power PMAC User Manual called “Writing C Functions and Programs in
Power PMAC—=>User-Written Phase Routines and User-Written Servo Routines” for more details
on how to write these files.
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To learn how to associate motors with these routines please see the section labelled
“Configuring User-Written Servo and Phase Algorithms”.

Configuration

This folder contains the files which control what is run upon downloading the project to Power
PMAC, upon booting up Power PMAC and upon issuing a save command. The contents appear
as follows:

Configuration with no EtherCAT Configuration with EtherCAT
b [J Clanguage 4 |y Configuration
4 | Configuration [ ECATConfig.cfg
2] enixml *] enixml
) pp_custom_save.cfg [ pp_custom_save.cfg
Y pp_custom_save.tpl Y pp_custom_save.tpl
=] pp_disable.txdt =] pp_disable.txt
=] pp_inc_disable.bxt =] pp_inc_disable.txt
=] pp_inc_startup.bdt =] pp_inc_startup.tbdt
) pp_save.cfg ) pp_save.cfg
=] pp_startup.bt =] pp_startup.tt
[ systemsetup.cfg [ systemsetup.cfg
eni.xml

In a project system that is not using EtherCAT this file is empty. For projects with EtherCAT this
file stores the EtherCAT information. This file is generated when the Load Mappings command
is selected from context menu on Master node.

pp_custom_save.cfg

This file is automatically generated from pp_custom_save.tpl when a save command is issued
to the Power PMAC. It contains a backup of the settings of any of the structures added to
pp_custom_save.tpl. If this file is missing from the project e.qg. if a project is opened that was
created before IDE version 1.7.x.x, it can be generated by right clicking the Configuration folder
and then clicking “Download Config Files”.

Do not modify this file. It is automatically generated.
This feature requires firmware version 1.6.1.1 or newer and IDE version 1.7.x.x

Note or newer.
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pp_custom_save.tpl

Add any Power PMAC parameter in this file and it will be added to pp_custom_save.cfg upon
issuing a save command to PowerPMAC. For example typing Motor[1].Servo.Kp into this file
and then issuing a save command to Power PMAC will result in the value of this parameter
(Motor[1].Servo.Kp=4 by default) being written to pp_custom_save.cfg.

To add a whole structure tree use the backup command. For example to back up every setting
in the Motor[1] tree add the command backup Motor[1]. Into the pp_custom_save.tpl. If this
file is missing from the project e.g. if a project is opened that was created before IDE version
1.7.x.x, it can be generated by right clicking the Configuration folder and then clicking
“Download Config Files”.

After modifying pp_custom_save.tpl right-click the Configuration folder and

click “Download Config Files” so that the changes will take effect. After this

A when a save is issued the values of the parameters specified in this file will
e be added to pp_custom_save.cfg.

Note This feature requires firmware version 1.6.1.1 or newer and IDE version
1.7.x.x or newer.

pp_disable.txt

This file is the first file loaded on the download of the entire project. This file should cause
programs to be aborted, PLCs to be disabled, motors to be killed, and buffers to be cleared; all
for safety purposes. The following is an example:

&*A //Abort All Programs
disable plc 0..31 //Disable all Script PLCs by number
#*k //Kill all the motors is commented out

clear all buffers

pp_inc_disable.txt

This file is the first file loaded on the download of an incremental project, that is, selected files.
This file should cause programs to be aborted, PLCs to be disabled, motors to be killed, and
buffers to be cleared; all for safety purposes. The following is an example:

&*A //Abort All Programs
disable plc 0..31 //Disable all Script PLCs by number
#*k //Kill all the motors is commented out

clear all buffers

pp_startup.txt

This file is the last file loaded on the download of the entire project. The commands within this
file will run when Power PMAC boots up. Typically this file starts the first programs to run on the
Power PMAC on start up. The recommended way of starting Power PMAC is to enable PLC 1
which then initializes whatever parameters and starts whatever programs have been set. The
following is an example:
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| enable plc 1;

pp_inc_startup.txt

This file is the last file loaded on the download of an incremental project or selected files.
Typically, this file starts the first programs to be run on the Power PMAC on start up. The
recommended way of starting Power PMAC is to enable PLC 1 which then initializes whatever
parameters and starts whatever other programs are needed. The following is an example:

enable plc 1;

systemsetup.cfg

This file is maintained by project system. It is generated when project is built.

The file looks like this:

systemsetup.cfg = % [

1 [/ Motor #1

Motor[1].AbortTa=-2

Motor[1].AbortTs=0

Motor[1].AbsPhasePosForce=0

Motor[1].AbsPhasePosFormat=%$@

& Motor[1].AbsPhasePosOffset=0

7  Motor[1].AbsPhasePosSf=0

3 Motor[1].AbsPosFormat=%0
Motor[1].AbsPosSf=0
Motor[1].AdcMask=$fffeeeoe

1  Motor[1].AdvGain=0

2 Motor[1].AmpEnableBit=0
Motor[1].AmpFaultBit=3

14  Motor[1l].AmpFaultlLevel=3

15 Motor[1].BlHysteresis=0

16 Motor[1].BlSize=0

17 Motor[1l].BlSlewRate=0

18 Motor[1].BrakeOffDelay=0

19  Motor[1].BrakeOnDelay=0

26 Motor[1].BrakeOutBit=9

21 Motor[1].CaptControl=$13000000

VI ST

This file includes Motor, Coordinate system and Encoder table settings.

Generating Configuration Files

Another feature of the Configuration Folder is the ability to generate Configuration Files which
are a file containing only the structures which have been modified from their default settings
since the last factory reset ($$$***).

To access this feature right-click the Configuration Folder which shows this menu:
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— g itom_save.cfg
Scope to This itom_save.tpl
New Solution Explorer View able.txt
. disable.txt
& Properties Alt+Enter ctartup.txt
Upload Config Files ie.cfg
Download Config Files rtup.txt
Generate Config File SEFUP'Cfg
I ation

“Upload Config Files” will upload any Configuration Files which have been generated from the
Power PMAC to the host computer. “Download Config Files” will download any configuration
files which are stored on the host computer to the Power PMAC. “Generate Configuration File”
will create a new configuration file containing the settings presently in Power PMAC at the time

this was selected. Add a name for the configuration file and it will be stored in the Configuration
Folder:

Generate Config File X

Config File Name:

OK Cancel

IDE V4.x maintains the systemsetup.cfg and automatically downloads so
= generating config file in no longer needed. This feature is available for

backward compatibility.
Note

Spaces or dots are not supported in this filename. In order to download a configuration file right-
click the file to be downloaded and then click “Check to Config Download”:
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Solution Explorer - Solution ‘PowerPmacid (2 projects]  ~ & X
=
£ [ PMAC Script Language -
: = & Global Includes
__] global definitions.pmh
[ Kinematic Routines
w0 [ Libraries
& 1 Motion Programs
= [ PLC Programs
] plel.ple
£ [ PowerPmac2(10.34.9.239)
i~ [ CLanguage
& [ Configuration
=) pp_disable.tt
2] pp_inc_disabletdt
=] pp_inc_startup.txt
| pp_save.cfg
=) pp_startup.bxt

&1 B Docl 3 | Open

@- [ Log Open With...
B (&7 PMA|
= 4 View Code
= & S
Exclude From Project
Properties [' "
Delet
testctg Fleprad 70| 09 =
= Rename
=20 £

5 Check To Config Download }

Build Action | ‘=1 | Preperties

Project System

The file selected will receive a red check mark to the left of its filename. Then right-click the

Configuration folder and click “Download Config Files” to download this file.

Only one configuration file can be checked at any one time. To deselect a file, preventing it from
being downloaded, right-click the file and then click “Uncheck to Not Config Download”:

= [ PMAC Script Language
5. [ Global Includes
i e ] global definitions.pmh
.. [ Kinematic Routines
5. [ Libraries
- [ Motion Programs
= [ PLC Programs
| plcl.ple
2 ] PowerPmac2(10.34.9.239)
4 [d Clanguage
= [& Configuration
=] pp_disabletdt
p_inc_disable.bdt
=] pp_inc_startup.bet
|| pp_savecfg
=] pp_startup.tet

<[] q
+ [3 Docu| [§ | Open

@~ 3 Log Open With...
- & PMAL
5 bz 6| (| View Code

Exclude From Project

}( Delete

Properties
test.cfg File Prop

'/’l Rename
=]

Uncheck To Net Config Download

Build Action | ‘=) Properties

Solution Explorer - Solution 'PowerPmacld’ (2 projects) « & X

m

This will remove the check mark from the file, and it will not be downloaded when “Download

Config Files.” is selected.

Documentation

This folder contains files for documentation purposes. Any text-based file can be added into this
folder. None of these files get downloaded to Power PMAC but simply remain in the project

folder on the host computer.
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Log

This folder contains the log files created when a project is downloaded to the Power PMAC.
These files should never be edited; they are for reference purposes only.

pp_proj.log
This file is a history log of files loaded to Power PMAC since Power On, $$$, $$$*** or
downloading from the IDE.

This log is made up of the following 3 sections:

[PMAC_HARDWARE] Consists of values formatted as follows:

GatelAutoDetect=0x50
GatelAddrErrDetect=0x400
Gate2AutoDetect=0x0
Gate3AutoDetect=0x0
CardIOAutoDetect=0x1
CardDPRAutoDetect=0x0

Each bit of the AutoDetect represents a card being detected at the 16 to 20 different possible
addresses for the card type. An “AddrErrDetect” non-zero value means that the gate-card was
detected at a second location.

[PMAC_CONFIG] Consists of values formatted as follows:

Successful Configuration using "/var/ftp/usrflash/Project/Configuration/pp save.cfg"

This section logs the success or failure of loading the saved configuration variables.

[PMAC_PROJECT] Consists of values formatted as follows:

Start of Project Loading using INI File: "/var/ftp/usrflash/Project/Configuration/pp proj.ini"
Including Project File: /var/ftp/usrflash/Project/Configuration/pp disable.txt

Including Project File: /var/ftp/usrflash/Project/PMAC Script Language/Global Includes/global
definitions.pmh

Including Project File: /var/ftp/usrflash/Project/PMAC Script Language/Libraries/subprog template.pmc
Including Project File: /var/ftp/usrflash/Project/PMAC Script Language/Motion Programs/prog
template.pmc

Including Project File: /var/ftp/usrflash/Project/PMAC Script Language/PLC Programs/plc template.plc
Including Project File: /var/ftp/usrflash/Project/Configuration/pp startup.txt

Successful load of preprocessed File: "/var/ftp/usrflash/Temp/pp proj.pma"

Run OK on Linux Program: /var/ftp/usrflash/Project/C Language/Background Programs/cplcl.out

This section logs the loading of the Power PMAC project files. This logging occurs after Power
On, $$$, $3$$*** and for each download from the IDE.
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pp_error.log

This file is a log of any errors on the last loading of the project into the Power PMAC.

pp_error_hist.log

This file is a history log of any errors in the loading of the Power PMAC since Power On, $$8,
$$$***, or downloading from the IDE. It is broken up into the same three sections as the
pp_proj.log shown above

PMAC Script Language Folder

This folder contains all of the programs and header files which are written in the Script
language.

Language service for the PowerPMAC script language supports features like light bulb to
suggest the fix or improved error and warning notification,

~|<a1l mynewfunction2()

tﬁ This will add PMC Sub Program to global Ilbrary OPEN SUBPROG mynewfunctionZ(void)

return
CLOSE

This will get added to libmotor.pmc file.

Also supported is indentation decision maker like do-while, if, for etc.

do
- {
call LibMotor.GetPos(1,&1trPos)
twhile(abs(MtrPos-758) > 8.5)
TO
do

£ [

And shows the code if by hovering the mouse on collapsed sections

2. "Motor #1 Position=%f\n". MtrPo
oy
5 call LibMotor.GetPos(1,&MtrPos)
Wwhile(abs(MtrPos-750) > 0.5)
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The Language service for the Power PMAC script language supports ‘Go to definition’ for
subprograms and ‘Go to Declaration’ for variables. Adding the typed variable, if it is not declared
before, will add it to globaldefinition.pmbh file as a potential light bulb fix.

The Language service for the Power PMAC script language reads the value from the Power
PMAC and displays it as below:

Type :Global
Name : gstep
Value :P8192=0

Global Includes

This folder contains all of the header files which are to be downloaded before all other Script
programs are downloaded. These header files usually contain global, csglobal, and ptr
variable definitions which are used in the other programs. The variables can be initialized in
these header files. These files can also contain preprocessor directives such as #define
statements.

Kinematic Routines

This folder contains the files for Forward and Inverse Kinematic Subroutines. It is recommended
to make separate files for each subroutine.

Libraries

This folder contains the files for subprograms which can be called by any program written in
Script.

Motion Programs

This folder contains the files for motion programs.

PLC Programs

This folder contains the files for PLC programs.
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Debugger

C language debugger

The IDE supports a fully featured GNU debugger which is integrated with modern Visual studio
debug interface. This supports most of the debugger functionalities and interfaces including
starting, stopping, breaking, setting break points, stepping, checking the execution stack, fully
integrated watch table, local variables, Auto display, tooltip, and many other modern debugging
functionalities.

After successfully downloading the Power PMAC project right-click the Background C
Application (under Background Programs) that is to be debugged as shown below:

Add
Scope to This cplc00
- plc
Mew Solution Explorer View Ep
Exclude From Project es
X Delete Del ne Routines
] Rename Fode.c
code.h
& Properties Alt+Enter  Lion
Debug Selected C App stom_save.cf
rrporeustom save.t

Select the context menu “Debug the selected CApp” to start the debugger. This will launch the
same debug environment used when debugging a Script PLC.

A breakpoint can be set before or after the debugger is launched. To set the breakpoint after the
debugger is launched make sure that the Background C Application is in a loop; otherwise, the
program execution will be completed, and it will not encounter the break point. Breakpoints can
be set by pressing F9.

Below is a sample screen shot:
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‘ PowerPmac24 (Debugging) - PowerPMAC IDE (Administrator) ]
File Edit View Project Build Debug Tools DeltaTau Window Help

-0 |B-u-ARP| XIH|2 - - | | Debug v 5 - P Continue ~
 Process: [N/A] cappl.out - Lifecycle Events ~ Thread: [11464] cappl.out ML €\ ¢ Stack Frame: main

InitLibrary(); // Requird for accessing Power PMAC library
pshm->P[2] = 10;

while (pshm->P[1] < 1)

{ |@ pshm->pi1][0 =

//Put your code here

o pshm->P[2] = additup();
@ nanosleep(&sleeptime,NULL); // sleep and yield to LINUX scheduler
done = 1; // while loop only runs once. remove for continues loop
}
CloselLibrary();
return 0;
;
int additup()
{
© return (pshm->P[2] = pshm->P[2] + 1);
¥
100% ~ 4
Locals e LS
Name Value Type Name
4 struct sched_param © additup() Line 91

Script PLC Debugger
The IDE supports debugging of script PLC.
Open the project that needs to debug.

1.
2. Build and download the project.
3. Right click on the script PLC to debug.

4y PLC Programs
W p :

¢ Open
Open With...
<> View Code
Scope to This
I @ New Solution Explorer View
Exclude From Project
X Delete Del
I Rename
Download Selected Files

Debug Selected PLC

& Properties Alt-Enter  pe—

4. Make sure to have breakpoint on the line in the plc as shown below:
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L
14 open plc step_demo
15 local axiscnt, mask, MtrPos;
16 fHf--——————— -
17 // Display I13@..133
18 -
19 send 2, "I13@=%f\n&I131=%f\nIl32=%f\nI133=%f\n", I130,I131,I132,I133
28
» 21 Ldata.Coord = 1 ffset (5 # =1
22 mypvarl = @
23 mygqvar2 = @
24 mymvarl = @
25

5. Select to Debug PLC from Context menu.
6. The Debugger will be launched, and the breakpoint is hit as shown below:

14 open plc step_demo
15 local axiscnt, mask, MtrPos;
16 -
17 /f Display Il3@..133
18 -
19 send 2, "I138=%f\n&I131=%f\nIl32=%f\nI133=%fn", I136,I131,I132,1133
28
e 21 Ldata.Coord = 1 ff set (5 # =1
22 mypvarl = @
23 myqvard = @
24 mymvarl = @
25

7. Standard Visual studio debug keys like F10, F11, etc. are supported.
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Project Encryption

To encrypt the project and then download the encrypted project to Power PMAC do the
following:
1. Right click on the project in the Solution Explorer and select Properties.

2. From the Properties window choose one of the following 3 options, as shown in the
screenshot below, before downloading the project:

General 2521 |
Program Variables Setup ~ Power PMAC project general properties
Download C Source Files No
Download systemsetup.cfg File Yes
Ignore Errors No
Do Not Encrypt Any File
Project Password Do Not Encrypt Any File

Project Template Version Encrypt Some Project Files
Projpp Timeout Period (msec) Encrypt All Project Files
Use new PDO mapping name formz Yes

Verbose Disabled

Project Encryption Options
Select an option for the encryption preference

OK Cancel Apply

The options are described as follows:

a. Do Not Encrypt Any File: This option is for downloading the project “as-is”, i.e. the
project will get downloaded to the Power PMAC without any encryption. The C
source files will be downloaded if the Download C Source File option is set to Yes.
Otherwise, no C source files will be downloaded.

b. Encrypt All Project Files: This option will force the IDE to encrypt all project files
before downloading them to the Power PMAC.

c. Encrypt Some Project Files: This option will allow only certain files within the
project to get encrypted and be downloaded to the Power PMAC. Once this option is
selected the user should select the files that will be encrypted by right clicking the
file, selecting Properties and then setting Enable Encryption to Yes, as shown in
the screenshot below
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cappl.c File Properties -
D] A

Build Action Compile
=

B
=] No

File Name Yes

Full Path CTOSETS AT O DO CUFENTS VIS
Enable Encryption

Select Yes to encrypt the file and No to Download without
encryption. Itis set to No by default.

Project Encryption

3. Project Password: Once an encryption option is selected a password should be provided to
be used by the encryption tool. The Power PMAC will use the same password to decrypt the
files and load them into Power PMAC. If no password is provided the project will not be

encrypted and the following message will be displayed:

(. S

Please enter a Password! Without a password, the project will not encrypt.

4. Encryption Message: Any time the Project Encryption Option is changed a message
indicating that a “$$$***” should be issued before downloading the project will be displayed.
Since some files might be on the Power PMAC it is necessary to reset the Power PMAC
before downloading the encrypted (or original project) to the Power PMAC.

=

to issue a 555 command.

Please be advised that you are modifying the download process! To ensure that
the Project and the Power PMAC are in sync with your selection, you would need
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Exporting user algorithms as a library

User algorithms can be exported as a library using the Export project with IP protection
feature. There are two possible ways to export a user algorithm. Exporting as a library and

exporting as an encrypted file.

A usrcode.c cannot be exported as a library. Users must always add a new .c
& file to the Realtime Routines to export as a library

Note

Exporting as an encrypted file

To export a user algorithm as an encrypted file, do the following:

1. In an IDE project, make sure that usrcode.c is set to compile
2. Add a new .c file by right clicking on Realtime Routines folder and selecting Add->New

ltem
Libraries
Realtime Routines
T Newltem.. Ctrl+Shift+A Add YO usrcodec
%O Existing ftem.. Shift+Alt+A Scope to This ’D usrcode.h
B’ New Solution Explorer View Infiguration

. Jcumentation
& Properties Alt+Enter |g

User servo setup iIAC Script Language
| |
3. Inthe Add New Item dialog, select Realtime Routines C File and type a name for the ¢
file to be added and click on Add

4 |nstalled Sort by: | Default | &t 1= Search Installed Templates (Ctrl+E) P~

Reattime Routine € brle L g Realtime Routine C il Realtime Routine C File Type: Realtime Routine C File

Background C Header Realtime Routine C File

Name: CustomServolibrary

Add ‘ ‘ Cancel
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4. Select the CustomServolLibrary.c file in the project and set the enable Encryption option

to Yes

[ Include
Libraries
- Realtime Routines
CustomServoLibrary.c
[ usrcodec
[3) usrcodeh
B Configuration
B Documentation

[ ala
Properties
CustomServolibrary.c File Properties
|0 | &

B Advanced
Build Action Compile
= File Encryption option
Enable Encryption Yes
= Misc
Export as Library No
File Name

Build Action

-

" Y

CustomServolibrary.c

How the file relates to the build and deployment p...

5. Double click on CustomServolLibrary.c file and add your code to the
CustomeServoLibrary() method. In this case we simply increment P1 variable.

usrcode.c (G L BRI CustomServolibrary.c® ® X -

/*For more information see notes.txt in the Documentd

#include "usrcode.h"

#include "../Include/pp_proj.h"

double CustomServolibrary(struct MotorData *Mptr)

-1
pshm->P[1]++;
}

EXPORT_SYMBOL (CustomServolibrary);

6. Open usrcode.h file and add the CustomServoLibrary method definition to this file.
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usrcode.c [E T EX Ll CustomServolibrary.c

#include <rtpmacapi.h>

int rtsprintf(char * buf, const char *fmt, ...);

double user_pid_ctrl(struct MotorData *Mptr);

void user_phase(struct MotorData *Mptr);

void CaptCompISR(void);

double CfromScript(double argl, double arg2, double arg3, double argd,

double CustomServolibrary(struct MotorData *Mptr‘);l

7. Right click on Realtime Routines folder and select User Servo Setup menu option to

assign servo or phase routines to specific motors. Click Apply one the it is assigned.
Librares

Add

Scope to This
MNew Solution Explorer View

E & Properties Alt+Enter

User servo setup

Properties

Pazltima Rantinae Faldar Dranartiac

User Servo Setup X
Please select a Motor Number to associate with a User Servo or User Phase routine.
Motor Number  User Servo User Phase
Motor 0 v L
CustomServolibrary L] =
Motor 2 L3 L
Motor 3 > L
Motor 4 L L
Motor 5 v v
Motor & v v
Motor 7 v v
Motor 8 v viv
Function Name: Add
| clearal || Apply |

8. Right click on the Project and select properties. In the properties window, set the Project
Encryption Option to Encrypt Some Project Files or Encrypt All Project Files. Also, set a
project Password. Once set click on Apply.
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General
Program Variables Setup

o5
oF

30

Download C Source Files
Download systemsetup.cfg File
Ignore Errors

Project Encryption Options
Project Password

Project Template Version
Projpp Timeout Period (msec)

v Power PMAC project general properties

No

Yes

No

Encrypt All Project Files
eeee

32

300000

Use new PDO mapping name forma Yes

Verbose

Project Password
Add a password to encrypt the project files

Disabled

OK Cancel

Apply

9. Reset Power PMAC by clicking on Reset button in the tool bar or by issuing $$$*** in the
terminal window.

10. Build and download the project. Once project is downloaded, issue
Motor[1].ServoCtrol=1 , P1 variable should be incrementing at this point.
11. Right click on Project and select Export Project with IP Protection... menu option.

&

12. In the Export Project with IP Protection dialog, set the Target project name and export

Build

Rebuild

Clean

New Solution Explorer View

Build and Download All Programs
Download All Programs

Map Power PMAC Variables
Export Project with IP Protection...
Export Project Template...
Compare Project

Add EtherCAT

Add EtherNet/IP

Add Macro

Add Application

Cut

Unload Project

Open Folder in File Explorer

Properties

erPMAC385
stem

ools

Language
Background Pr:
CPLCs

Include
Libraries
Realtime Routi
[ CustomSen|
[ usrcodec
[ usrcode.h

;onfiguration

ocumentation

og

IMAC Script Lang

IAC385 Project P

Alt+Enter  File P|

path and press on OK. The exported project will encrypt any file that was set to encrypt,
and the exported project will only have those file in encrypted format.

Current Project Name:
Target Project Name:

Project Export Path:

Export Project with IP Protection

PowerPMAC385

CustomServolibrary_Export

X

|C:\Temp|

|| Browse... |

oK || Cancel |
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A Please refer to Project Encryption section for more details about project
B encryption.

Note

13. Once project is exported, close the opened project, issue a Reset or $$$*** and then
open the exported project.

Solution Explorer v o x
@ o-8p=

Search Solution Explorer (Ctrl+;) P

b System
P Tools
Pl C Language
b Background Programs
2 CPLCs
p Include
Libraries

4 Realtime Routines

[ CustomServolibrary.c.gpg
& exportini
[ usrcode.c.apg
[3) usrcodeh

Configuration

Documentation

Log

DMANC Covimd |

-

14. Build and download the project and set Motor[1].ServoCtrl=1 to verify that the exported
project can still execute the custom servo routine correctly, which in this case is
incrementing the P1 variable.

15. Users can also call the Exported function in any other .c file included in the realtime
Routines folder.

16. To test, we will add another file to Realtime routines folder and call the Custom Servo
Library method in the new function.

b Include
Libraries
4 Realtime Routines
[ CustomServolibrary.c.gpg
™~ L
=] export.ini

[ realtimeroutinel.c
[ usrcode.cgpg

[ usrcodeh
I Configuration
4 Documentation
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realimeroutinel.c # X

/*For more information see notes.txt in the Documentat]

#include "usrcode.h"
#include "../Include/pp_proj.-h"

double realtimeroutinel(struct MotorData *Mptr)
=1
CustomServolibrary(Mptr);

¥
EXPORT_SYMBOL (realtimeroutinel);

17. Do not forget to add the double realtimeroutinel(struct MotorData *Mptr) definition to

usrcode.c
18. Next we will assign realtimeroutines1 method as the user servo of Motor2 in the User

Servo Setup window.

19. Issue a reset and do a build and download. Once completed issue Motor[2].ServoCtrl=1
in the terminal window and you will see that P1 variable is incrementing, which indicates
the realtimeroutines1 is able to access the CustomServoLibrary method, even though
the CustomServoLibrary.c.gpg file is an encrypted file.

Exporting as a library

To export a user algorithm as an library, do the following:

1. In an IDE project, make sure that usrcode.c is set to compile
2. Add a new .c file by right clicking on Realtime Routines folder and selecting Add->New

Item
Libraries
Realtime Routines
0 New ltem... Ctrl+Shift+A Add » [ usrcode.c
’ﬂ Existing Item... Shift+Alt+A Scope to This [ usrcode.h
New Solution Explorer View lnfiguration
tati
& Properties Alt+Enter Lcumen anen
User servo setup lﬂAC Script Language

3. Inthe Add New Item dialog, select Realtime Routines C File and type a name for the ¢
file to be added and click on Add

4 Installed Sort by: Default ~| & 1= Search Installed Templates (Ctrl+E) P~

Rezilile Heiie C Al I g Realtime Routine C File Realtime Routine C File Type: Realtime Routine C File

Background C Header Realtime Routine C File

Name: CustomServolibrary

Add Cancel
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4. Select the CustomServoLibrary.c file in the project and set the export as library option to
Yes. Please note that you can either export as a library or Enable Encryption option

v v v v

Properties

Build Action Compile
B File Encryption option
Enable Encryption No

B Misc

Export as Library Yes

File Name CustomServolibrary.c

Full Path C\Users\dro.ghazarian\Doc
Build Action

How the file relates to the build and deployment p...

Libraries
Realtime Routines
E CustomServolibrary.c
[ usrcode.c

[ usrcode.h
Configuration
Documentation

Log

PMAC Script Language

5. Double click on CustomServoLibrary.c file and add your code to the
CustomeServoLibrary() method. In this case we simply increment P1 variable.

usrcode.c

Vel [N M CustomServolibrary.c* # X

/*For more information see notes.txt in the Documentd

#include "usrcode.h”

#include "../Include/pp_proj.h"

double CustomServolibrary(struct MotorData *Mptr)

{
pshm->P[1]++;
b
EXPORT_SYMBOL (CustomServolLibrary);

6. Open usrcode.h file and add the CustomServoLibrary method definition to this file.
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usrcode.c VS geels X LR S CustomServolibrary.c

#include <rtpmacapi.h>

int rtsprintf(char ¥ buf, const char *fmt, ...);

double user_pid_ctrl(struct MotorData *Mptr);

void user_phase(struct MotorData *Mptr);

void CaptCompISR(void);

double CfromScript(double argl, double arg2, double arg3, double arg4,

double CustomServolibrary(struct MotorData *Mptr)ﬂ

7. Right click on Realtime Routines folder and select User Servo Setup menu option to
assign servo or phase routines to specific motors. Click Apply one the it is assigned.

Libraries

Add

Scope to This
New Solution Explorer View

b 9 & Properties Alt+Enter

User servo setup

User Servo Setup X
Please select a Motor Number to associate with a User Servo or User Phase routine.

Motor Number  User Servo User Phase

Motor 0 v v
CustomServolibrary v v
Motor 2 v v
Motor 3 v v
Motor 4 ¥ L
Motor 5 ¥ L
Motor 6 v ©
Motor 7 v L4
Motor 8 v viv
Function Name: Add

ClearAll || Apply

When exporting the Realtime Routines as a library it is not necessary to
encrypt the project items. It is recommended but not necessary.

Note
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8. Reset Power PMAC by clicking on Reset button in the tool bar or by issuing $$$*** in the

terminal window.

9. Build and download the project. Once project is downloaded, issue
Motor[1].ServoCtrol=1 , P1 variable should be incrementing at this point.

10. Right click on Project and select Export Project with IP Protection... menu option.

i Build
Rebuild
Clean

New Solution Explorer View
Build and Download All Programs
Download All Programs
Map Power PMAC Variables
Export Project with IP Protection...
Export Project Template...
Compare Project
Add EtherCAT
Add EtherNet/IP
Add Macro
Add Application

& Cut Ctrl+X

Unload Project
(<4 Open Folder in File Explorer
& Properties Alt+Enter

1. In the Export Project with IP Protection dialog, set the Target project name and export

rPMAC385
stem
ools
Language
Background Prq
CPLCs
Include
Libraries
Realtime Routil|
[& CustomSen|
[ usrcode.c
[ usrcodeh
onfiguration
ocumentation
og
MAC Script Langy|

\C385 Project P

path and press on OK. The exported project will encrypt any file that was set to encrypt,
and the exported project will only have those file in encrypted format.

Export Project with IP Protection

Current Project Name:  PowerPMAC385

Target Project Name: Cus‘[omServoLibraryAsLid

Project Export Path: C\Temp

Browse...

oK

H Cancel |

Please refer to Project Encryption section for more details about project

encryption.
Note
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2. Once project is exported, close the opened project, issue a Reset or $$$*** and then
open the exported project. As you can see in the project tree, the source file of the
library is replaced woth .0_shipped and .so_shipped object files

@ o-ap =

Search Solution Explorer (Ctrl+;)

b System
b Tools
4 C Language
b Background Programs
b CPLCs
b Include
Libraries
4 Realtime Routines

[ CustomServolibrary.o_shipped
[ CustomServolibrary.so_shipped

r-: export.ini

[ usrcodec

[ usrcode.h
b Configuration
b Documentation

Solution Explorer v o x

El CustomServolibraryAsLib -

0o~

3. Build and download the project and set Motor[1].ServoCtrl=1 to verify that the exported
project can still execute the custom servo routine correctly, which in this case is

incrementing the P1 variable.

4. Users can also call the Exported function in any other .c file included in the Realtime

Routines folder.

5. To test, we will add another file to Realtime routines folder and call the

CustomServoLibrary method in the new function.

[ CPLCs
4 Include
Libraries
4 Realtime Routines

[ CustomServolibrary.o_shipped
[ CustomServolibrary.so_shipped
m P

& | exportini

[ realtimeroutinel.c

[ usrcodec
[ usrcodeh
g Configuration
B Documentation
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usrcode.h

realtimeroutinel.c ¥ X FoeRE(elAlT]
/*For more information see notes.txt in the Documentat
#include "usrcode.h"

#include "../Include/pp_proj.h"

double realtimeroutinel(struct MotorData *Mptr)
-1
CustomServolibrary(Mptr);
}
EXPORT_SYMBOL (realtimeroutinel);

6. Do not forget to add the double realtimeroutinel(struct MotorData *Mptr) definition to
usrcode.c

7. Next we will assign realtimeroutines1 method as the user servo of Motor2 in the User
Servo Setup window.
Issue a reset and do a build and download. Once completed, issue Motor[2].ServoCtri=1
in the terminal window and you will see that P1 variable is incrementing, which indicates
the realtimeroutines1 is able to access the CustomServoLibrary method.
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The following section describes setting up the local motor and EtherCAT motor.

Refer Project folder section for details about each block from Topology. To avoid duplication

only steps are listed. In some cases, detail information is provided.

Local Motor: (Single or Dual feedback)

1. Open a new project

2. Setup Power PMAC clock settings by clicking System — CPU folder or double-clicking
the Power PMAC block on the Topology view, to open the Global Clock view

3. Go to the Motors Node, right click and Add Motor. Choose either Single Feedback or
Dual Feedback. The feedback type can be changed if necessary.

4. On successful addition of the Motor, the Motor Topology View will be displayed.

5. As explained in the Motors section follow the Topology Block flow to setup the Motor.

The Topology block colouring will act as a guide. The User Units block is part of Encoder

block, and it is not mandatory though we do recommend it is set.
6. The Commissioning blocks are, also, not mandatory.
7. To complete each block the setting must be Accepted.

Matorl & X

Single Feedback Type

PowerPMAC Amplifier ' - Motor Encoder

Servo Period
0.443 msec
PhaseOverServoPeriod
0.250

No amplifier selected No motor selected

No encoder selected

Control Type

Signal Type

[ Hardware Interface } Position/Velocity: None }

J,

Interactive Safety Review Test and Set Basic Tuning
Feedback

{

[ Commission Motor Jog E

S ~ &

Servo On Servo Off

Local Motor: No Feedback Motor (Step & Direction)

1. Open a new project
2. Setup Power PMAC clock settings by clicking System — CPU folder or double-clicking
the Power PMAC block on the Topology view, to open the Global Clock view
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3. Go to the Motors Node, right click and Add Motor. Choose No Feedback (Step &
Direction).

4. On successful addition of the Motor the Motor Topology View will be displayed. See the
No Feedback Topology Under Topology Section.

5. Click on the Amplifier page and add the amplifier that supports Pulse and direction. This

is the first block in Topology view. The important Amplifier settings for this mode to work
are shown below.

v 4.Pfm Mode
Max Pulse Frequency (KHz) 0
Min Pulse Width 50

Pulse Width Units Duty Cycle

The Max. Pulse Freq and Pulse width unit comes from the Amplifier manufacturer. These
settings are enabled when the control type is Velocity control and signal type is Pulse
and Direction from the amplifier page.

6. Click Motor block to select Stepper or to add Stepper motor.

7. Select Hardware Interface block for making Motor structure element connection. The
hardware interface page will look like this. This is for Acc242A and for CK3M the
connection will say CK3M[x].Chan[y]. Note Output Signal type.

| Amplifier Control/Signal

Control Type Torque

Signal Type: Analog
Amplifier Interface

Command Signal Channel Acc24E2A[4].Chan[0] v

Output Signal Type: DAC

Amplifier Enable Signal Output Channel: Acc24E2A[4].Chan[0] Enabled
Amplifier Fault Signal Input Channel: i Acc24E2A[4].Chan[0] A Enabled
Amplifier Fault Level: Low True  High True

Feedback Interface

Primary Feedback Channel: Acc24E2A[4].Chan[0]

Secondary Feedback Channel: Acc24E2A[41.Chan[0]
Flag Interface

Hardware Over-travel Limits Input Channel: Acc24E2A[4].Chan[0] V Enabled
Home Flag Input Channel: Acc24E2A[4].Chan[0] C Enabled

8. Select PFM block to set PFM clock and pulse width.

9. The last step is commissioning to set Motor parameters like acceleration, deceleration
etc.

10. Once all these steps are followed use Jog Ribbon to test the motor moving in both
direction positive and negative
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EtherCAT Network and Motor Setup

EtherCAT is supported when Power PMAC is ordered with the EtherCAT option. EtherCAT
option on Power PMAC CPU (UMAC) comes with PCI Express accessory board plugged
directly into the Power PMAC CPU.

CKB3E always come with EtherCAT option and for CK3M EtherCAT is an option.

All Power PMAC CPU support the Acontis stack from Firmware version
(2R 2.4 and above.

o CKS3E supports Acontis stack for Firmware versions before 2.4
ote

All the necessary hardware connections need to be setup, and if it is a drive, the separate
configuration of the drive. This is typically by means of the drive manufacturer’s software.
The Power PMAC tuning utility can be used only if the EtherCAT drive is used in torque
mode.

There are three steps in setting up EtherCAT devices
1. Setup EtherCAT network configuration

2. Load mappings to Power PMAC
3. If the EtherCAT device is an Amplifier, then add and configure the motor.

Prior to configuring EtherCAT network it is necessary to setup EtherCAT
= Amplifier (Drive) used in Cyclic Synchronous Torque mode (CST) or
o Cyclic Synchronous Velocity mode(CSV) using vendor tool software.

ote

Step 1: Setup ECAT network configuration
Check and set Power PMAC Clock:

For all EtherCAT devices Power PMAC’s servo frequency must be a multiple of 62.5 ysec.

EtherCAT standard specifications can be found at http://ethercat.org/.

Note

1. Open Power PMAC clock settings by clicking System — CPU folder or double-clicking the
Power PMAC block on the Topology view, to open the Global Clock view
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4 [T] Example Project
4 [y System
4 [ CPU

& System

The required clock rate for the device should be defined in the device’s manual. Most
EtherCAT devices accept clock periods of 250 usec, 500 usec, and 1 msec. Set the Power
PMAC servo clock frequency to

one of the required frequencies as shown below:

Select different servo
frequencies with this
dropdown list

System # X

Clock Settings

Phase Frequency: 1.000| kHz /

Servo Frequency: 1.000 v | kHz This value must be a

Real-Time Frequency: 1000 ¥ | kHz © / multlple of 62.5 usec
Existing MNew

Servo Period: 1.000| Milliseconds ()

Phase Over Servo Period: 1.000 1.000 0

Only EtherCAT detected.

PWM Frequency
No Gates detected using Software Clock on PowerPMAC ()

If the frequency is not a multiple of 62.5 psec then when the EtherCAT device is enabled by
right-clicking on one of the Master nodes will generate an error. The error shown below will
be displayed.

Error >

One or more pre-conditions are invalid please check message window
for more details.

The details about the error are displayed in the Power PMAC message window as shown
below:
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PowerPMAC Messages

@ 2o 1 OWamings ) SMessages 7 00utputs

Date Location Module Description
(3 H22/2016.210:49 PM Master) EtherCAT Check servo period before activating the EtherCAT network, Recommended sevo period i in multiple of 2.3 micro seconds. EtherCAT will not be activated,

Configure the EtherCAT Device:
Open the Master view by clicking the Master node under EtherCAT folder

4 [T] Example Project
4 [ Systemn
4 [ CPU
&1 System
[ Hardware
4 | = EtherCAT
@ MasterD (Deactivated) I
1 Maotors
[d Coordinate Systermns

This will open the Master view in the editor area.

Device Editor
Master |Topology View

General
Unit Name EtherCATSuite Master

Cycle Time [us] O [1000

Master0 (Deactivated) + X

Frequency [Hz] @® [16000
Source MAC address 00-10-EC-00-BB-E9

Slaves connected to local system

Metwork Adapter Ethernet 2 ( Cisco AnyConnect Secure Mobility Client Virtual Miniport Adapter for Windows x64 )

Select

Slaves connected to remote system

Protocol RAS
IP Address 192 . 168 . 1 . 200

Port 6000
Master-Instance 0

Networks: 1| Slaves: 0 |

| state: | Mode: conFIG

Select a clock frequency that is the same as the Power PMAC servo clock frequency from

Cycle Time element. User can choose to program clock either in time or in frequency mode.

If ECAT drive supports 16 KHz then user must select frequency mode and then from drop
down, select 16000 Hz.
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Power PMAC servo clock and Cycle Time from Master must match.

Note

The currently connected Power PMAC's IP address is displayed in the IP Address field.

Appending or scanning the slave:

To add a slave device to master:

Adding slave device to Master using Scan network:

1.

Scan the network if the devices are connected to the network
2. Append the slave from the list

Right click on the Master node to open the context menu and select the Scan EtherCAT
Network option:

onfiguration Mode

Diagnosis Mode.

Scan EtherCAT Netwark

&

Append Slave

Paste Slave

Import Slaves from ENI

Eeald

Load Mapping to PowerPMAC

Load Mapping to PowerPMAC From ENI
Watch EtherCAT Mapped Variables
Activate EtherCAT

Edit Topology

EoE Endpoint Configuration

Export EtherCAT Configuration Template...
Import EtherCAT Configuration Template..
Remove EtherCAT Configuration Template
Open

Scope to This

New Solution Explorer View

Properties

Alt+Enter

On selecting Scan EtherCAT Network the network scan will begin.

If there are devices already present under the Master node, permission will be requested to

remove the nodes before scanning as shown below:
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EC-Engineer >

Scanning the EtherCAT network will remove all existing slaves. Do you
want to continue?

Yes Mo Cancel

When there are no slave devices under Master node then scan will continue.

Processing ...

Checking connected devices....

On completion of the scan a message will be displayed in the Power PMAC messages and
the detected slave device/s will be added under the master node as shown below:

PowerPMAC Messages
€3 2Errors | 1+ OWarnings | ) 7Messages T 00Outputs

Date Location Module Description
0 3/22/2018 3:31:47 PM MasterD EtherCAT Scan EtherCAT network scan is in progress....
0 3/22/2018 3:43:33 PM MasterD EtherCAT Scan Scan successful. Total number of slaves added are: 1

Slave devices will be added to the Master node as shown below:

4 ] Example Project
4 | Ty System
4 [ CPU
& System
1 Hardware
EtherCAT
rl H Masterl (Deactivated)
ﬂ Slave_ 001 [RB8D-KMNO1L-ECT]
B Slave_002 [R23D-KMNO1L-ECT]
ﬂ Slave_003 [RB8D-KMNO1L-ECT]
ﬂ Slave_004 [R38D-KMNO1L-ECT]

d TVIULUTS

Adding slave device to Master using Append Slave:
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If there are no devices connected on the network, it is still possible to configure the
EtherCAT network. In this case there is a Power PMAC, but no EtherCAT device connected.
Right click on the Master node and select the Append Slave option as shown below:

Diagnosis Mode

Scan EtherCAT Network

I Append Slave

Import Slaves from ENI

Load Mapping to PowerPMAC
Load Mapping to PowerPMAC From ENI
Watch EtherCAT Mapped Variables

Activate EtherCAT

EoF Endpoint Configuration
Export EtherCAT Configuration Template.

Import EtherCAT Configuration Template.

@ Open
Scope to This

B! New Solution Explorer View

& Properties Alt+Enter

Selecting Append Slave will open the Append Slave dialog.

4 Append EtherCAT Slave to ‘EtherCATSuite Master - o X
Filter m TR
Search the device if you
Search | %

know the device name

Vendors [ALL VENDORS]

Show Hidden Staves
Connection

Connect at Port 8, Mil

Slaves

Select a specific slave from the lst and adjust the number of slaves.

B Becmott Automation GmbH & Co. KG
@ copiey Controls

@ | Deta Tau Data Systems, Inc.

EZ Omron Coponation Available device list.

If device is not available in the
list use ESI manager from
EtherCAT menu to add the
device.

Number of Slaves

Choose the device to add. More than one slave can be added by using Number of Slaves
counter. The default is 1. When a device is added a message will be displayed in the Power
PMAC message box and the Slave will be added under the Master node. For example, as
shown below the R88D-KNO1L-ECT-L Omron Drive slave device is appended to Master.

4 |7 EtherCAT
4 @ Master( (Deactivated)
{5 Slave 1001 [R88D-KNO1L-ECT-L]
d Motors

Naming slave device:
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IDE V4.3 onwards supports naming the slave. User can open the slave dialog by clicking the

slave from the project. Select General tab page and change the name. For example, in the
following screen the slave’s name is change to MyXAxis.

Device Editor
FEJJ \ PDO Mapping | Variables | Advanced Options | Distributed Clock | Init C. ds | CoE Object-Dictionary | Sync Units |
Address
Station Address 1001 =
Information
Name MyXaxis
Description R88D-KNO1L-ECT G5 Series ServoDrive/Motor
Vendor Omron Corporation (0x00000083)
Product Code 0x00000002 (2)
Revision Number 0x00020001 (131073)
ES| File C:\ProgramData\DeltaTau\PowerPMAC IDE\4\EtherCATConfiguration\ES\Omron R88D-KNboo-ECT.xml
Identification Value Not Used
Ports
A [ECAT IN] @ EtherCATSuite Master
D 2 Not Connected
B [ECAT OUT] @ Slave_1002 [R88D-1SNOTL-ECT] (1002)
C » Not Connected

‘ As per our specification Slave name must start with alphabet character.
L2 Valid names are My_Axis, X_Axis, Y_AXxis etc. Invalid names are 1_Xaxis,
234 _Ypos, _12YAxis etc.

Note

As soon as the name change is successful project will be updated too.

fad Solution 'PowerPMAC5VA.3Ecat' (1 project) g

4[] PowerPMAC5V4.3Ecat
F] Systemn
4 CPU
&1 System
Hardware
P EtherCAT

4 & Masterd (Deactivated)

Motors

B Myxaxis (1001)
4 Slave_1002 [R88D-15NO1L-ECT] (1002

001 Medule 1 (Safety Process Datz

Configuring slave device and master device:

Once the slave is available there are more Tab pages added dynamically to the Master view.
For correct distributed clock operation make sure for Omron devices the distributed clock —
Clock Adjustment is set to master shift mode as shown below:
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Masterd Deactivated) = < [

Device Editor
| Master | Topology View | Process Data Image | Variables | Advanced Options | Slave to Slave | Distributed Clocks | Tasks «/[»]

Reference Clock
Name Slave_1001 [R88D-KNO1L-ECT-L] (1001)

Clock Adjustment
(®) Master Shift (EtherCAT Master Time controlled by Reference Clock)

_) Bus Shift (Reference Clock controlled by EtherCAT Master Time)
() External Mode (Reference Clock controlled by External Sync Device)

Options
[] Sync Window Monitoring

| Show 64Bit System Time

Networks: 1 | Slaves: 1 | State: @ @ | Mode: CONFIG

The other settings from Master tab pages are rarely changed.

Click on the appended or scanned slave to open the slave device view. Most of the time the
default PDOs are already selected.

Stave_1001 [RE8D-KNOIL-ECT-L] + X
Device Editor
General [PDO Mapping || Variables [ Advanced Options | Distributed Clock | Init C d: ‘\ CoE Object-Dictionary | Sync Units
Address
Station Address 1001 =
Information
Name Slave_1001 [R88D-KNO1L-ECT-L]
Description R88D-KNO1L-ECT-L G5 Series ServoDrive for Linear Motor
Vendor Omron Corporation (0x00000083)
Product Code 0x00000066 (102)
Revision Number 0x00010001 (65537)
ESI File C:\ProgramData\DeltaTau\PowerPMAC IDE\4\EtherCATConfiguration\ES\Omron R88D-KNsoo-ECT-Lxml
Identification Value & Not Used
Ports
A [ECAT IN] @ EtherCATSuite Master
D W) Not Connected
B [ECAT OUT] @ Not Connected
C W Not Connected

Configuring PDO mapping and remaining PDOS:
To change the PDO selection, select PDO mapping tab and choose new PDO.
Typically, the default PDO’s are set as the settings are read from esi file.

This manual refers to 1S and G5 drives, thus the following PDO mappings are for these
drives.
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Most users will use CSP mode so most of the default PDO are set to choose mapping for
CSP mode. If the User wants to change the type of control to CST or CSV, then a different
set of PDO needs to be selected.

The User can edit the default name that are read from esi file. The newly named PDOS are
written to the header file on Load PDO mapping context menu command.

\ General | PDO Mapping IVariables H Advanced Options | Distributed Clock h Init Commands | CoE Object-Dictionary \ Sync Units |

Inputs Outputs

1st transmit PDO Mapping (excluded by 0x1B01) 0x1A00 * 1st receive PDO Mapping (excluded by 0x1701) 0x1600 *

Name Index Bit Length Name Index Bit Length

16 16
2 0x1701
2 Name Index Bit Length
16 Controlword 0x6040:00 16
Digital inputs 0x60FD:00 2 XAxisPosition 0x607A:00 32
[ 258th transmit PDO Mapping 0x1B01 Touch probe functior 0x60B8:00 16
Name Index Bit Length Physical outputs 0x60FE:01 32
Error code 0x603F:00 16 258th receive PDO Mapping (excluded by 0x1701)  0x1702
Statusword 0x6041:00 16 = Name Inde> Bit Length <
Add Delete Edit Up Down

The following describes choosing PDO for different types of control for 1S / G5 drive.

For EtherCAT drives, other than OMRON (1S or G5), please refer the
= vendor manual for the correct set of PDO.

Note

In the figure below the default PDO’s are marked with a blue rectangle whereas the red
rectangle marks Items that must have PDO for the selected cyclic mode.

The User needs to make sure for CSP mode that the PDO must have 0x6n7A where n is
axis. So 0x607A defines mapping for axis 0.
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General | PDO Mapping |Variables | Advanced Options | Distributed Clock | Init Commands | CoE Object-Dictionary | Sync Units |
Inputs Outputs
15t transmit PDO Mapping (excluded by 0x1801) ox1A00 | * 15t receive PDO Mapping (excluded by 0x1701) ox1600 *
Name Index Bit Length Name Index Bit Length
16 16
Touch probe status 16 oL 16
Touch probe pos1 pos value 01701
Touch probe pos2 pos value Name Tndex Bit Length
Error code 16 Controlword 0x6040:00 16
Digital inputs | Target position Ox607A:00 32
I 258th transmit PDO Mapping 0x1B01 Touch probe function 0x60B8:00 16
Name Index Bit Length Physical outputs OX6OFE:01 32
Error code (Ox603F:00 16 259th receive PDO Mapping (excluded by 0x1701) 0x1702
Statusword 0x6041:00 16 Name Index Bit Length
Position actual value 0x6064:00 32 16
Torque actual value 0x6077:00 16 32
Following error actual value Ox60F4:00 32 2
Touch probe status 0x6089:00 16 16
Touch probe pos1 pos value 0x608A00 32 8
Touch probe pos2 pos value Ox60BC:00 32 Touch probe function 16
Digital inputs Ox60FD:00 32 Max profile velocity o6 32
255th transmit PDO Mapping (excluded by 0x1B01) 0x1B02 260th receive PDO Mapping (excluded by 0x1701) 0x1703
| | Name Index Bit Length > Name. Index Bit Length X

be in English enven if the IDE is opened in the laguage other than

PDO name can be customize but make sure that customize name must
=
English.

Note

This is not default PDO’s and the user must unselect default PDO and select this PDO.

In the figure below the default PDO’s are marked with a blue rectangle whereas the red
rectangle marks Items that must have PDO for the selected cyclic mode.

The User needs to make sure for CST mode that the PDO must have 0x6n71 where n is
axis. So 0x6071 defines mapping for axis 0.
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[ General | PDO Mapping |Variables | Advanced Options | Distributed Clock | Init Commands | CoE Object-Dictionary | Sync Units |
Inputs Outputs
Statusword 16 = Name Index Bit Length S
Position actual value 32 Controlword 16
Touch probe status 16 32
Touch probe pos1 pos value 2 2
Touch probe pos2 pos value Modes of operation 8
Error code Touch probe function 16
Digital inputs 0 Positive torque limit value 16
I 258th transmit PDO Mapping I 0x1B01 Negative torque limit value 16
Name Index Bit Length 261th receive PDO Mapping 0x1704
Error code 0x603F:00 16 Name Index Bit Length
Statusword 046041:00 16 Controlword 01604000 16
| Position actual value 0x6064:00 32 | Target position 0x607A:00 32
Torque actual value 0:6077:00 16 Target velocity OK60FF:00 32
Following error actual value Ox60F4:00 32 I Target torque 0x6071:00 16 I
Touch probe status 046083:00 16 Modes of operation 046060:00 8
Touch probe pos1 pos value OK60BA:00 32 Touch probe function 0x6088:00 16
Touch probe pos2 pos value 0x60BC:00 32 Max profile velocity Ox607F:00 32
Digital inputs 0x60FD:00 32 Positive torque limit value Ox60E0:00 16
255th transmit PDO Mapping (excluded by 0x1801) 01802 Negative torque limit value OK60E1:00 16
Name Index Bit Length 262th receive PDO Mapping (excluded by 0x1704) 0x1705
Error code 16 Name Index Bit Length
Statusword 6041 16 it Controlword 16 Y

This is not default PDO’s and user has to unselect default PDO and select this PDO.

In the figure below the default PDO’s are marked with a blue rectangle whereas the red

rectangle marks ltems that must have PDO for the selected cyclic mode.

The User needs to make sure for CSV mode that the PDO must have 0x6nFF where n is
axis. So 0x60FF defines mapping for axis 0.

[ General | PDO Mapping |Variables || Advanced Options | Distributed Clock | Init Commands | CoE Object-Dictionary | Sync Units |
Inputs Outputs
Statusword 16 23 Name Index Bit Length &
Position actual value 2 Controlword 16
Touch probe status Target position 32
Touch probe pos1 pos value Target velocity 2
Touch probe pos2 pos value 2 Modes of operation 8
Error code 16 Touch probe function 16
2 torque limit value 16
0x1B01 e torque limit value 16
Name Index Bit Length 261th receive PDO Mapping 0x1704
Error code Ox603F:00 16 Name Index Bit Length
Statusword 0x6041:00 16 Controlword 0x6040:00 16
| Position actual value 0x6064:00 32 Target position Ox607A:00 32
Torque actual value 0x6077:00 16 I Target velocity Ox60FF:00 32 ]
Following error actual value OX60F4:00 2 Target torque 0x6071:00 16
Touch probe status 0x60B9:00 16 Modes of operation 0x6060:00 8
Touch probe pos1 pos value 0x60BA:00 32 Touch probe function 0x6088:00 16
Touch probe pos2 pos value 0x60BC:00 32 Max profile velocity 0x607F:00 22
Digital inputs (0x60FD:00 32 Positive torque limit value (Ox60E0:00 16
259th transmit PDO Mapping (excluded by 0x1B01) 0x1802 Negative torque limit value Ox60E1:00 16
Name Index Bit Length 262th receive PDO Mapping (excluded by 0x1704) 01705
Error code 16 Name Index Bit Length
16 i Controlword 16 ¥

After selecting the appropriate PDO the next step in slave configuration to choose the Init

commands.

Init Commands:

In this tab the current configured init commands read from device esi file can be viewed and,
if allowed, the add/edit/delete init commands can be used.
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—_

. Lists of Init Commands
Init Commands comes from the ESI file or will be generated from the configurator. The
“Access” column tells the user if this Init Command can be edited (RW = Read/Write) or
not (RO = Read-Only).

. Buttons
New/Copy/Edit/Delete: Used for changing the list
Up/Down: Moving the selected Init Command up or down

N

Now only Init Commands of the CoE- and SoE- Protocol can be added or changed.

Master) (Deactivated) Slave_1001 [Accelnet - BE2] & X JIONJRIELE ]! plcl.plc Motor2 Motorl
Device Editor

| General " PDO Mapping " Variables " Advanced Options " Distributed Clock | Init Commands | CoE Object-Dictionary H Sync Umts‘

Init Commands

Transition Protocol | Index Value Comment Access
Pre-Op-=Safe-Op  CoE x1C12:000 0 clear sm pdos [x1C12) RO
Pre-Op->Safe-Op | CoE x1C13:000 O clear sm pdos (0x1C13) RO
Pre-Op->Safe-Op | CoE 0x1400:000 O clear pdo Ox1A00 entries RO
Pre-Op->Safe-Op | CoE 0x1A01:000 O clear pdo Ox1A01 entries RO
Pre-Op-»Safe-Op | CoE 0x1A02:000 O clear pdo 0x1A02 entries RO
Pre-Op-»>Safe-Op CoE Ox1A03:000 O clear pdo Ox1A03 entries RO
Pre-Op->Safe-Op | CoE 0x1600:000 0 clear pdo 0x1600 entries RO
Pre-Op-»Safe-Op | CoE 0x1601:000 O clear pdo Ox1601 entries RO
Pre-Op-»Safe-Op | CoE 0x1602:000 | O clear pdo Ox1602 entries RO
Pre-Op-»Safe-Op | CoE 0x1603:000 O clear pdo 0x1603 entries RO
Pre-Op->Safe-Op CoE Ox1C12:001 | 5388 download pdo 0x1C12:01 index RO
-
Edit Value
Value: 0 ‘?‘ e
Edit Init Command
Move Up Mave Down New Cop Edit Delete

Just like default PDO are set to CSP mode the Init command matches the control mode and
the default is CSP mode. This is marked by red rectangle below.

| General || Modules | PDO Mapping | Variables | Advanced Options | Distributed Clack | Init Commands | CaE Object-Dictionary | Sync Units |

Init Commands

Transition Protocol | Index Value Comment Access
Pre-Op->Safe-Op | CoE 0x1€12:000 | 0 dlear sm pdos (Ox1C12) RO
Pre-Op->Safe-Op | CoE 0x1C13:000 | 0 clear sm pdos (Ox1C13) RO
Pre-Op->Safe-Op  CoE ©0X1AD0:000 | 07 00 10.00 41 60 20,00 64 60 10 00 B9 60 20 00 BA 60 20.00 BC 60 10 00 3F 6020 00 FD 60 download pdo Ox1A00 entries | RO
Pre-Op->Safe-Op  CoE x1600:000 | 0300 10:00 40 60 20,00 7A 6010 00 B8 60 downioad pda 0x1600 entries RO
Pre-Op-> Safe-Op | CoE 0X1C12000 | 01000117 downioad pda x1C12 index | RO
Pre-Op-> Safe-Op | CoE 0x1C13:000 | 01000118 downioad pdo Ox1C13 index | RO

| | Pre-0p->safeop ot 0x5060:000 | 8 | RW
Pre-Op-> Safe-Op | CoE 0x2002002 | 1 AW

Object 6060h: Modes of operation is set to 8 for CSP mode. Follow the table for correct
operation mode and edit the value for object 6060h.
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To use control type other than CSP object 6060h must be change to appropriate
A@’

mode.
Note
+8 Cyclic sync position mode
+9 Cyclic sync velocity mode
+10 Cyclic sync torgue mode

Distributed Clock:

Device Editor

| BT
General | PDO Mapping || Variables | Advanced Options | Distributed Clock Ilnit Commands | CoE Object-Dictionary | Sync Units

Distributed Clock
Operation Mode | DC Sync0 =

Sync Unit Cycle (us) 1000

Overwrite Mode

Sync Units

Sync Unit 0
Cycle Time
® Sync Unit Cycle 1000 us

User defined
Shift Time (us)
Sync Unit 1

Cycle Time
Sync Unit Cycle Ous

Sync 0 Cycle Ous
User defined
Shift Time (us)

e Operation Mode: Selectable DC operation modes. The modes cannot be edited.
e Sync Unit Cycle: Base interval in microseconds which will be used from the master
e Overwrite Mode: Overwrites the settings of the selected operation mode (might be
necessary, if the slave doesn’t offer the right operation mode)
Sync Units

I Sync Unit0
e Cycle Time

o Sync Unit Cycle: Unit is synchronized relative to the Unit Cycle

o User defined: Unit has its own interval

o Shift Time: Unit is adjusted by the shift time. Typically, one half or one quarter
of the EtherCAT cycle time works for most devices. For example, if the clock
is 1 msec (1 kHz) then shift time of 250usec or 500usec will work for most
devices.
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Refer to the Device manual for guidelines on the exact shift time.

Note

Advanced Settings:

For the slave to be a potential reference clock then select the Advanced Options Tab to
make the changes.

Device Editor
General | PDO Mapping | Variables | Advanced Options | Distributed Clock | Init Commands | CoE Object-Dictionary | Sync Units
Startup Checking Timeouts
7| Check Vendor ID SDO Access: 0 3 [ms]
V| Check ProTitjn(t Code Init->Pre-Op/Init->Bootstrap: 3000 < [ms]
Check Revision Nurnber Pre-Op->Safe-Op/Safe-Op->Op: 10000 (<1[ms]
ClisckSerial Nisinber Back to Pre-Op, Init: 5000 5 [ms]
Op->Safe-Op: 200 5 [ms]
Identification Checking Mailbox Mode
Check Identification ® Cyclic 10 [2{[ms]
Write to EEPROM State Change
Select Local Address
0x0012
Process Data Mode Overwrite Mailbox Size
Disable LRW Output Size: [bytes]
Input Size: [bytes]
Overwrite Watchdog
| Set Multiplier (Reg.: 0x400): 2498 =
| Set PDI Watchdog (Reg.: 0x410): 1000 -5 (100.000 ms)
| Set SM Watchdog (Reg.: 0x420): 1000 < (100.000 ms)
Distributed Clocks
Potential Reference Clock

1. Startup Checking
e Master will check the Vendor ID, Product code and Revision number if the state
machine changes from INIT to PREOP of the slave
e Revision number can be verified six ways:

o "=="HIl word is equal, LO word is equal

o ">="HIl word is equal or greater, LO word is equal or greater
o "LW =="HI word is equal

o "LW == HW >="LO word is equal, HI word is equal or greater
o "HW =="LO word is equal

o "HW ==, LW >=" Hl word is equal, LO word is equal or greater

2. ldentification Checking
¢ If ‘Check Identification’ is selected the Identification Value of the slave is checked.
The ‘Select Local Address’ Box is the register of the Identification Value.

3. Process Data Mode

Power PMAC IDE User Manual 426



Motor Setup

e Disable LRW: Determines whether LRD/LWR command or the LRW command is
used for accessing process data. Cable redundancy needs LRD/LWR, slave-to-
slave-copy needs LRW.

4. Watchdog
e Set Multiplier: Writes the configured value to the corresponding slave register:
0x0400
e Set PDI Watchdog: Writes the configured value to the corresponding slave register:
0x0410

5. Distributed Clocks
o Potential Reference Clock: Set to use the slave as a potential reference clock
6. Timeouts
e SDO Access: Internal master timeout which is used for accessing the SDO (0 = Use
internal default value of the master)
e Init PreOp: Internal master timeout which is used for changing slave state.
e Pre-Op Save-Op or Safe-Op Op: Internal master timeout which is used for changing
slave state.
e Back to Pre-Op, Init: Internal master timeout which is used for changing slave state.
e Op Safe-Op: Internal master timeout which is used for changing slave state.
7. Overwrite Mailbox Size
o Output Size: Overwrites mailbox output size.
¢ Input Size: Overwrites mailbox input size.
8. Mailbox Mode
e Cyclic: Interval in milliseconds within which the input mailbox will be read (polling
mode)
o State Change: The input mailbox will be read only if the status bit is set
Continue setting the PDO and distributed clock setting for rest of the slave devices in the

network.
Step 2: Load mappings to Power PMAC
This step is necessary for the EtherCAT network to function properly. Without this step the

EtherCAT motor setup will not work properly.

It is expected that the user has completed configuring the necessary settings for the Master
device and the Slave devices for the network.

Right click on master node to select Load mappings to Power PMAC option, as shown
below.

4 EtherCAT
4 [ Masterd (Deactivated)
B MyXaxis (1001)
4 @l Stave 1002 [R8SD-1SNOTL-ECT] (1!
001 Maddufle 1 (Safers Process 1

|

Scan EtherCAT Network b
Append Slave LR Class View
~ 0

Impart Slaves from ENI D (Deactivated) File Properties

Export ENI File

T configuration template

T

fame. Master0 (Deactivated)

* Open

Scope to This

B New Solution Explorer View

i

& Properties Alt+Enter
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On selecting Load mapping to Power PMAC, the process indicates it's progress by showing
a dialog and a message in the Power PMAC message box.

The Progress bar showing the Load mapping function is shown below

Processing ...

Generating config file...

[

1]
f
m

The Progress status messages are shown below.

PowerPMAC Messages

€3 OErrors 1 OWarnings @) 6Messages [ 0Outputs

Date Location Module Description
) 3/23/2018 12:05:21 PM Cenfiguration EtherCAT Configure Mapping PDOs....
) 3/23/2018 12:03:21 PM Configuration ENI ENI configuration file for the setup is generated.
) 3/23/2018 12:05:21 PM Configuration EtherCAT Configure EtherCAT configuration file is generated.
) 3/23/201812:05:21 PM PMAC Database  Amplifier Added/updated custom amplifier to database.

) 3/23/2018 12:03:24 PM Power PMAC EtherCAT Configure Configuration is downloaded.
) 3/23/2018 12:05:25 PM Global Includes  EtherCAT Configure Header files are generated and added to solution.

On successful completion of the Load mapping to Power PMAC the following actions are
completed.

4. The eni.xml (EtherCAT network information) is generated and copied to the Project-
Configuration folder and then downloads the file to the Power PMAC
Ivarl/ftp/usrflash/Project/Configuration folder.

5. The mapping file ECATConfig.cfg is created and copied to the Project-Configuration
folder and downloaded to the Power PMAC /var/ftp/usrflash/Project/Configuration
folder. After downloading, the file is loaded to Power PMAC using gpascii —
iIECATConfig.cfg command.

fad Solution 'PowerPMAC21' (1 project)
4 [] PowerPMAC21

B [ System

I [ CLlanguage
[ ECATConfig.cfg
2] enixml
[ pp_custom_save.cfg
[ pp_custom_savetpl
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6. The ECATMap.pmh and ECATMap.h files are created and copied to the Power
PMAC Script Language-Global Includes and C Language-Includes folders for use in
C app and script languages. These header files consist of #defines values to access
ECAT mappings in C app or script languages.

fad Solution 'PowerPMAC21' (1 project)
4 [ ] PowerPMAC21
b [ System
4 [ Clanguage
b [ Background Programs
P[4 CPLCs
4 [ Include
B ECATMap.h
T pp_proph
[ Libraries
[ Realtime Routines
I [ Documentation
P [ Log
4 [ PMAC Script Language
4 |7 Global Includes
[ ECATMap.pmh
1 global defintions.pmh

A Header file for script looks like this:

ECATMaph & X

/ =
'/ <auto-generated>

// This code was generated by PowerPMAC IDE
// Date: 18-09-2019, Time: 16:26

/I Changes to this file may cause incorrect behavior and will be lost if
// the code is regenerated
// </auto-generated>

//Blave_1001 [R88D-1SNO1H-ECT) Station Address-1001
fine Slave_1001_R88D_1SNO1H_ECT_1001_index pshm->0

Inputs

fine Slave_1001_R88D_1SNO1H_ECT_1001_603F_0_Errorcode pshm->ECAT(0).10[4096].Data
fine Slave_1001_R88D_1SNOIH_ECT_1001_6041_0_Statusword pshm->ECAT[0].10[4097).Data

fine Slave_1001_R88D_1SNO1H_ECT_1001_6064_0_Positionactualvalue pshm->ECAT(0}.10[4098].0ata

fine Slave_1001_R88D_1SNO1H_ECT_1001_6077_0_Torqueactualvalue pshm->ECAT(0).10{4099].0ata

fine Slave_1001_R88D_1SNO1H_ECT_1001_60F4_0_Followingerroractualvalue pshm->ECAT[0].10[4100).Data
fine Slave_1001_R88D_1SNO1H_ECT_1001_608B9_0_Touchprobestatus pshm->ECAT[0].I0[4101).Data

fine Slave_1001_R88D_1SNO1H_ECT_1001_60BA_0_Touchprobeposlposvalue pshm->ECAT0].10{4102].Data
fine Slave_1001_R88D_1SNO1H_ECT_1001_60BC_0_Touchprobepos2posvalue pshm->ECAT[0].10{4103]).Data
fine Slave_1001_R88D_1SNO1H_ECT_1001_60FD_0_Digitalinputs pshm->ECAT(0].10[4104].0ata

//Putputs
fine Slave_1001_R88D_1SNO1H_ECT_1001_6040_0_Controlword pshm->ECAT(0).10[0].Data

fine Slave_1001_R88D_1SNO1H_ECT_1001_607A_0_Targetposition pshm->ECAT(0}.10[1].Data
fine Slave_1001_R88D_1SNO1H_ECT_
fine Slave_1001_R88D_1SNOIH_ECT_

1001_6088_0_Touchprobefunction pshm->ECAT(0].10[2].Data
1001_60FE_1_Physicaloutputs pshm->ECAT[0).I0[3].Data

PDO names constructed with the slave’s name and pdo name. The user can
collapse/expand EtherCAT slaves mappings marked with // <Slave Name> and
shown above with an orange Square.

This is explained above in step 1.
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3. ltis not necessary to copy the EtherCAT files manually to the project like in
V2.x and V3.x; V4.x automatically manages these files.
4,

EtherCAT header files collapse/expand feature is available in te IDE
Note 4.3.2.x and above

Step 3: Add EtherCAT Motor (Method 1)

Go to the Motors node in the project and right click Add Motor and select EtherCAT
Topology.

Motor1 & X

EtherCAT Type
(

v PowerPMAC

g S L TS0 Dy ! -

User Units.
Servo Period > 1 counts per i ]
1.000 msec
. No slave drive selected * None Selected &
PhaseOverServoPeriod
1.000

Control Type

Axis:  Single Axis  Multiple Axis

| Hardware Interface
Interactive Safety Review Basic Tuning
Feedback

I
!

| Commission Motor Jog

Jog

B EtherCAT is Deactivated....

The user needs to select a slave drive in the orange-coloured block, EtherCAT Slave Drive.

The drop-down list automatically populates with all the available slave drives from the
Project-EtherCAT master node, as shown below...

M Uit &1 System
1 counts per [i ] Hardware
No slave drive selected v None Selected v 4 EtherCAT
4 & Master0 (Deactivated)
Recat tn raw uinit A .. : tanna
Start typing to filter items
Vendor: All Vendors ¥
Assigned to Motor: | All v
| Slave Name Station Address Description Product Code Vendor
MyXaxis

Assigned to Mot
Omron Corporation (0x83) No

R88D-KNO1L-ECT G5 Series ServoDrive/Motor

02 (2)
OxAB (171)

Slave_1002 [R88D-15NO1L-ECT] 1002 R88D-1SNOTL-ECT 100V/100W ServoDrive Omron Corporation (0x83) No
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The list shows the all the details about the slaves, including whether the slave is already

assigned to a motor.

Select the appropriate slave from the list and enter the control type. Once selected, the
EtherCAT Slave Drive block will look like this...

EtherCAT Slave Drive

MyXaxis {1001)
Omron Corporation (0x83)
R88D-KNOTL-ECT... (0x2)

Control Type
Cyclic Position

Axis:  Single Axis  Multiple Axis

L

If the slave drive has more than one axis, then choose Multiple Axis. On selecting the
Multiple Axis option, the user will be required to enter the axis number as shown below...

EtherCAT Slave Drive

MyXaxis (10071}
Omron Corporation (0x83)
R88D-KMNO1TL-ECT... (0x2)

Control Type
Cyclic Position

Axis:  Single Axis | Multiple Axis

Thisisaxis | 12 of | 2[2]

W

Entering appropriate values in the EtherCAT Slave Drive block will automatically load the
data in the Hardware Interface page from the available mappings.

On entering the correct settings press the ] symbol to save the changes. On success, the
colour of the Amplifier Block will change to green with a check mark as shown below:

v EtherCAT Slave Drive

MyXaxis (1001)
Omron Corparation (0x83) v
RBED-KMNO1L-ECT... (0x2)

Control Type
Cyclic Position v

Axis:  Single Axis  Multiple Axis
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The next block to configure will be the User Units.

This is not a mandatory block, and it is entirely the user’s choice to define how many counts
correspond to a machine unit. For example, on a machine that needs 32767 counts to move
1 mm due to its mechanism, then the user would enter the following...

b

User Units [~ v User Units
1 counts per i ) 1132767 counts per &

None Selected v ‘ Millimeter (mm) v

T e Reset to raw units

: ' T

On pressing the save symbol d , the block will set all the necessary Power PMAC structure
elements to reflect the User Unit change so the user can program in the User Units (i.e. mm
in the previous example).

Click on the information icon to check the affected structure elements. The view will look like
this...

bsecllois L
0
The structure elements will be updated to have the new values listed below:
Structure Element Current Value New Value
o Motor[1].PosSf 1 3.0519E-05 -
Motor[1].Pos2Sf 1 3.0519E-05
Motor[1].AbsPosSf 0 0
Motor[1].BISize 0 0
Motor[1].BIHysteresis 0 0
Motor[1].BISlewRate 0 0
Motor[1].FatalFeLimit 2000 0.061037
i_ Motor[1].WarnFeLimit 1000 0.030519
Motor[1].InPosBand 0 0
| Matari1 Homensicat 0 0 =

The next block to configure is the Hardware Interface block.

This will associate the EtherCAT connection with the Power PMAC motor and encoder
structures. If the slave values are set correctly in the Amplifier Block, then the Hardware
Interface Block will populate with the correct connection. Verify the entries and press Accept
and the Hardware Interface block will be marked as complete on the topology view. The
Hardware Interface screen is shown below:
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Amplifier Control/Signal

Control Type:

Signal Type:

Amplifier Interface

Command Signal Channel:

Amplifier Enable Signal Output Channel:

Amplifier Fault Signal Input Channel:

Feedback Interface

Primary Feedback Channel:

Cyclic Position

EtherCAT

MyAxis_1001_607A_0_Targetposition

MyAxis_1001_6040_0_Controlword

My#xis_1001_6041_0_Statusword

My#xis_1001_6064_0_Positionactualvalue

The selected items are for Cyclic Position mode.

The next block to configure is the Interactive Feedback block to test the encoder feedback.
To do this the EtherCAT need to be activated.

Right click on the Master Node and click on Activate EtherCAT as shown below:

Configuration Mode
Diagnosis Mode

Scan EtherCAT Network
Append Slave

Pa

Import Slaves from ENI

Export ENI File

Load Mapping to PowerPMAC

) Load Mapping to PowerPMAC From ENI
| Watch FtherCAT Mapned Variahle:

Ctrl+V

Activate EtherCAT

Edit Topology
EoE Endpoint Configuration
Export EtherCAT Configuration Template...
Import EtherCAT Configuration Template.
I Remove EtherCAT Configuration Template
& Open
Scope to This

New Solution Explorer View

> @

Properties

Alt+Enter

If the Activation fails, the reason for this will be displayed in the Power PMAC message box.

While activating, status will indicate the progress as shown below:

Processing ...

Checking network status....
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On a Successful Activation the Master Node will display “Activated” as shown below:

Solution Explorer
@ o-F| p -
Search Solution Explorer (Ctrl+
[ PowerPMAC4
4 System
b CPU
b Hardware
4 EtherCAT
4 " Masterd (Activated)
@ Slave_1001 [R88D-KNO1L-ECT] (1001)
4 @ Slave_1001 [R88D-1SNO1L-ECT] (1002)
. 001 Module 1 (Safety Process Data)

Motors
Coordinate Systems
b Encoder
4 C Language
b Background Programs
b CPLCs
b Include
Libraries
b Realtime Routines
4 Configuration

) pp_custom_save.cfg
) pp_custom_save.tpl
=) pp_disable.tt

=) pp_inc_disable.bt

D e oo s
Solution Explorer JaFEIRITN

Solution Explorer
@ o-F F =
Search Solution Explorer (Ctrl+
[ PowerPMAC4
4 System
b CPU

b Hardware
4 EtherCAT

4 * MasterD (Activated)
@ Slave_1001 [R88D-KNO1L-ECT] (1001)
4 @ Slave_1001 [R88D-1SNO1L-ECT] (1002)
001 Module 1 (Safety Process Data)

Motors
Coordinate Systems
b Encoder
4 C Language
b Background Programs
b CPLCs
b Include
Libraries
4 Realtime Routines
“ Configuration

) pp_custom_save.cfg
) pp_custom_save.tpl
=) pp_disable.txt

=) pp_inc_disable.bt

2 e e
Solution Explorer NP

The Green circle icon indicates the EtherCAT is activated.

The Red circle indicates the Slave device is deactivated.

-

On successful activation the User can verify the encoder feedback my moving the motor by

hand (if possible)

The next two blocks are for Safety review and Basic Tuning.

For the Cyclic Position mode these two blocks are not required, and the User can move
forward to the Commissioning block and Motor Jog.

If the Control type is Cyclic Torque or Cyclic Velocity, then the User follow safety review

Basic tuning block.

Note

Safety Review and Basic Tuning Toplogy blocks are enabled only if the
Control type is Cyclic Torque or Cyclic Velocity.

If the Control type is either Torque or velocity, then selecting the Basic Tuning block will
generate the warning if user is using the FW 2.5.1.7 without a new Tuning package as

shown below...
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PowerPMAC

Firmware

o A newer version of the tuning package is available from the

Firmware with this package. This can be carried out by
selecting the Delta Tau menu and then selecting the Kernel
Update-Install Linux Package menu.

Database. It is recommended to update the

It is not mandatory to upgrade the tuning package, but the User does not then they will not
get the benefit of improvements in the tuning and setup algorithms.

If the User wants to upgrade the tuning package, they can download this from the Delta Tau
Firmware location and use the Update Firmware dialog from the Power PMAC menu and
select Kernel Update- Install Linux Package like this...

Firmware

PowerPMAC Firmwarel Kernel Update |

Ingtall Kemel
image

Install
BootLoader

Disconnected from PowerPMAC

S5H communication to PowerPMAC successful
Disconnected from PowerPMAC

S5H communication to PowerPMAC successful

Provide path of package file

Aborted PowerPMAC upgrade process at user's request

Install Linuzx
package

[] Stop Reboot

Once the package is updated then the User can use the Basic tuning block to tune the
Torque or velocity mode and on success proceed to Commissioning and Motor Jog Block to

test the motor.

Note

The User only needs to install the Tuning package once. For any following
set up’s the Warning message will not be displayed.

When all the necessary Topology blocks are Green the User can test the EtherCAT Motor
using Motor Jog block.

This is a simple Jog block for testing the Motor settings. For any advance Jog functionality,
the User can click on the Jog block to open the Jog Ribbon Menu.
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If the EtherCAT is not Activated, then the User cannot Jog the motor, and it will be indicated
on the Motor Jog Block.

| Motor Jog W

log

! EtherCAT is Deactivated....

If the EtherCAT is Activated, then the User can Jog the motor, and the movement will be
indicated on the Motor Jog Block by the rotating of the circular icon ©.

Motor Jog z
- A4
Servo On Servo Off

The User can Servo ON and Servo OFF the axis. These commands are basically “#<Motor
Number> Jog” and “#<Motor Number> Kill”.

At this point for the Cyclic Position mode EtherCAT Motor setup is complete.

Step 3: Add EtherCAT Motor (Method 2-Drag and Drop)

This method is only available for our EtherCAT devices (OMRON-1S or G5). If you are using
multiple EtherCAT drive either 1S or G5 then it possible to use Drag and Drop method. You
can either select one OMRON EtherCAT drive or Multiple OMRON EtherCAT drive. Once
select Drag and Drop on to Motor folder and setup system will configure the motor based on
the type of PDO mapping. This is best used with Cyclic Position mode, as default PDO
configuration is set for cyclic position in EtherCAT drive.

Single EtherCAT drive Drag and Drop:

Following picture shows the flow for setup. On success user will need to Enable the
EtherCAT network and Jog the Motor and verify the setup. This is for Cyclic Position mode.
For Cyclic Torque Basic Tuning is needed.
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Geners | Moduies | PO Mapping | Vanties | Advanced Optrons | Dstruaed Cock | it
Addes
Staten Adthen B
v Select 15 or G5 and Drag and A 001 3
Drop to Motor Folder to add ntormaton
Moter Mambertsd | motor EtherCAT Name Xhan
haaed Shec itwill e Drsdang Descrpton. RESD- 1SNOTH-ECT 200/ 10OW ServoDrmve
Map Xhus 101)
o
s Configure Motors
[T ][ e Add motor
o
EoherCAT Motor Topeingy Centiguntien x
Parameter Name Vo
~) XAwls e
Controlype Cychc Postion
CommantSignahmne X 100 607, Trgetporiion
mptnableCommandS-gnaiChannel XA 100160400 Controimord
Aot outSaiopahunesl  Xhan 100 6041 0 Ssupmsed
PrenaryfeedbackChasnel XAsn_1001 6084 0 Postionactusvatue [
Aoy Concel
p—

Multiple EtherCAT drive Drag and Drop:

Following picture shows the flow for setup. On success user will need to Enable the
EtherCAT network and Jog the Motor and verify the setup. This is for Cyclic Position mode.

For Cyclic Torque Basic Tuning is needed.

At X Select 15 or G5 and Drag and
Drop to Motor Folder to add

| Mot Mambertss (14
| Tapologe EherCAT
|o p

Select all

Configure
Add motor

EtherCAT

4 & Mastesd

@ Slave_1001 [R88D-1SNOTH-ECT]- X Axis (1001)
@ Slave_1002 [R88D-1SNOTH-ECT]- ¥ Axis (1002)
@ Slave_1003 [R82D-1SNOTH-ECT)- Z Axis (1003)
[ Slave_1004 [R8SD-1SNOTH-ECT]- A Axis (1004)
@ Stave_1005 [R82D-1SNOTH-ECT]- B Axis (1005)
Motors

EtherCAT Type

E2herCAT Motor Topology Configuration X
Parameter Name Vakse
() Slave. 1001 [R88D-1SNOTH-ECT}- X Axis [ e
() Slave. 1002 [R880-1SNOTH-ECT]- ¥ Axis [ e
(<) Slave,_ 1003 [RESD-1SNOTH-ECT)- Z Axis [ Eoe

() Slave. 1004 [R8SD-1SNOTH-ECT}- A Axis [ ese |

(<) Slave. 1005 [R88D-1SNOTH-ECT)- 8 Axis L&

Aowy_| [ Conce |

oedor, Unmcat

Project tree will look like this...

4 EtherCAT
4 @ MasterD (Deactivated)

Slave_1001 [R88D-15MOTH-ECT]- X Axis (1001)-#Motorl
Slave_1002 [R88D-15NO1H-ECT]- ¥ Axis (1002)-#Motor2
Slave_1003 [R88D-15NO1H-ECT]- Z Axis (1003)-#Motor3
Slave_1004 [R88D-1SMO1H-ECT]- A Axis (1004)-#Motord
Slave_1005 [R88D-15NO1H-ECT]- B Axis (1003)-#Motor3
4 Motors

&1 Motorl

&1 Motor2

&1 Motor3

&1 Motord

&1 Motors
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2. Drag and Drop requires initial PDO mapping for type of Cyclic control.

1. Only OMRON EtherCAT slave drives support drag and drop.
=
Default is cyclic position.

Note

Once user uses one of the Drag and Drop it is possible to user other blocks as explained
below.

The next possible block the user can configure will be the User Units.

This is not a mandatory block, and it is entirely the user’s choice to define how many counts
corresponds to a machine unit. For example, on a machine that needs 32767 counts to
move 1 mm due to its mechanism, then the user would enter the following...

—

v User Units
32767 counts per 0
Millimeter (mm) v

Reset to raw units

I

On pressing the save symbol = , the block will set all the necessary Power PMAC structure
elements to reflect the User Unit change so the user can program in the User Units (i.e. mm
in this example).

Click on the Information icon to check the affected structure elements. The view will look like
this...

User Units. [} b
ol
The structure elements will be updated to have the new values listed below:
Structure Element Current Value New Value
4 Motor[1].PosSf 1 3.0519E-05 o
Motor[1].Pos2Sf 1 3.0519E-05
Motor[1].AbsPosSf 0 0
Motor[1].BISize 0 0
Motor[1].BIHysteresis 0 0
Motor[1].BiSlewRate 0 0
Motor[1].FatalFeLimit 2000 0.061037
i- Motor[1].WarnFeLimit 1000 0.030519
Motor[1].InPosBand 0 0
"|sdator1 Homensssar 0 0 >

EtherCAT need to be activated.
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To activate EtherCAT, right-click on the Master Node to open the context menu and click

Activate EtherCAT as shown below:

Configuration Mode
Diagnosis Mode

Scan EtherCAT Network
Append Slave

Pas

Import Slaves from ENI
E: t ENI File

Load Mapping to PowerPMAC
Load Mapping to PowerPMAC From ENI

Ctrl+V

Watch EtherCAT Mapped Variables

v

e @

EoE Endpoint Configuration

Export EtherCAT Configuration Template...
Import EtherCAT Configuration Template.
Remove EtherCAT Configuration Template
Open

Scope to This

New Solution Explorer View

Properties

If the activation fails, the reason for this will be displayed in the Power PMAC message box.

While activating a progress dialog will indicate the progress, along with the status, as shown
below:

Processing ...

Checking network status....

On a successful activation the Master Node will display “Activated” as shown below:
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Solution Explorer
@ -8 p-
Search Solution Explorer (Ctrl+
[ PowerPMAC4
4 System
b CcPU
b Hardware
4 EtherCAT
4 * Masterd (Activated)
@ Slave_1001 [R88D-KNO1L-ECT] (1001)
4 @ Slave_1001 [R88D-1SNO1L-ECT] (1002)
. 001 Module 1 (Safety Process Data)

Motors
Coordinate Systems
b Encoder
4 C Language
b Background Programs
4 CPLCs
b Include
Libraries
b Realtime Routines
4 Configuration

) pp_custom_save.cfg
[ pp_custom_save.tpl
=) pp_disable.bt

=) pp.inc_disable.txt

Solution Explorer Clas; Vlew

Motor Setup

Solution Explorer v X
S| o-8|p -
Search Solution Explorer (Ctrl+ P~
[ PowerPMAC4 -
4 System
b CPU

b Hardware
4 EtherCAT

4 *  MasterD (Activated)
@ Slave_1001 [R88D-KNO1L-ECT] (1001)
4 @ Slave_1001 [R88D-1SNOTL-ECT] (1002)
001 Module 1 (Safety Process Data)

Motors
Coordinate Systems
4 Encoder
4 C Language
b Background Programs
b CPLCs
b Include
Libraries
4 Realtime Routines
4 Configuration

[ pp_custom_save.cfg

) pp_custom_save.tpl

=) pp_disable.txt

=) pp_inc_disable.xt o

= R 2
Solution Explorer RSP

A green circle icon indicates that EtherCAT is activated for the slave.

A red circle indicates the slave device is deactivated.

On successful activation the user can verify the encoder feedback my moving the motor by

hand (if possible).

The next two blocks are for Safety review and Basic Tuning.

For the Cyclic Position mode these two blocks are not required, and the user can move
forward to the Commissioning block and Motor Jog.

If the Control Type is Cyclic Torque or Cyclic Velocity, then the next item for the user to
configure will be the Safety Review and Basic Tuning blocks.

Safety Review and Basic Tuning Toplogy blocks are enabled only if the
Control Type is Cyclic Torque or Cyclic Velocity.

Note

If the Control Type is either Torque or Velocity, then selecting the Basic Tuning block will
generate the warning if the user is using FW 2.5.1.7 without a new tuning package as shown

below...
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PowerPMAC *

A newer version of the tuning package is available from the
Firmware Database. It is recommended to update the
Firmware with this package. This can be carried out by
selecting the Delta Tau menu and then selecting the Kernel
Update-Install Linux Package menu.

Upgrading the tuning package is not mandatory, but if the user doesn’t then they will not get
the benefit of improvements in the tuning and setup algorithms.

If the user wants to upgrade the tuning package they can download this from the Delta Tau
Firmware location, then use the Update tuning package dialog from the Power PMAC menu
and select Install package It looks like this... enter the appropriate Debian package file
(.deb) and press Install.

Install Package X

Please do not power cycle or close the
§. install package dialog while installing is
in progress.

Operations

Select File...

Fie rame Oebian package e (e8]

Com] [ oma

Once the package is updated, the user can use the Basic Tuning block to tune the Torque or
Velocity mode and on success proceed to Commissioning and Motor Jog blocks to test the
motor.

A The user only needs to install the Tuning package once. For any following
B setups the warning will not be displayed.

Note

When all the necessary topology blocks are green the user can test the EtherCAT motor
using the Motor Jog block.

This is a simple jog block for testing the motor settings. For any advanced jog functionality,
the user can click on the jog block to open the Jog Ribbon menu.
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If EtherCAT is not activated, then the user cannot jog the motor, and it will be indicated on

the Motor Jog block.

Motor Jog

Jog

! EtherCAT is Deactivated....

Motor Jog

o]

©

O

&

Servo On

Servo Off

If EtherCAT is activated, then the user can jog the motor, and the movement will be
indicated on the Motor Jog block by the rotation of the circular icon ©.

The user can Servo ON and Servo OFF the axis. These commands are equivalent to
“#<Motor Number> Jog/” and “#<Motor Number> Kill”.

At this point, if configuring for Cyclic Position mode, EtherCAT Motor setup is complete.

Additional necessary settings for 1S and G5 drive to be used in CST and CSV mode

To use 1S or G5 in CST or CSV mode the user needs to change the settings on objects
marked by the red rectangle below.

[Device Editor

Inputs
st transmit PDO Mapping (excluded by Ox1801)

Name Index Bit Length

Name Index Bit Length
0460300 16
ox6041:00 1
06064:00 2
o6077:00 1
Ox60F400 2
0608900 1

0xE0BA:00 32

fouch probe pos2 pos value 0x60BC:00 2

igital inputs OX60FD:00 2
259th transmit PDO Mapping (excluded by 0x1B01)

Name Index Bit Length

\Genmt§ PDO Mapping |Variables || Advanced Options | Distributed Clock [ Init Commands | CoE Object-Dictionary | Sync Units

Outputs
0x1A00 *

oxtBo1
607400
0K60FF:00
071100
01606000

0x60B8:00

0x607F:00

OX6OE0:00

OXBOET:00

luded by 0x1704)

0x1B02

01704

0x1705

After completing PDO mapping steps the mapping will be available in the .pmh files under
the Global Includes folder of the project. For example:

Slave_0_607F_0_Maxprofilevelocit (or ECAT[0].I0[6].Data)

Slave_0_60E0_0_Positivetorquelim (or ECAT[0].10[7].Data)

Slave_0_60E1_0_Negativetorquelim (or ECAT[0].I0[8].Data)
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The user can write to this object from the terminal window. These values can be changed
even after the network is activated. The details on these settings can be found in the 1S or
G5 drive manual. In our test we have set these values as start point to ...

Slave_0_607F_0_Maxprofilevelocit (or ECAT[0].I0[6].Data) = This is dependent on encoder
resolution. For 1S the resolution is 2217 bit so for the nominal rpm of 3000 the minimum
value of 2217 * 50 user can change this as necessary.

Slave_0_60EO0_0_Positivetorquelim (or ECAT[0].10[7].Data) = 5000

Slave_0_60E1_0_Negativetorquelim (or ECAT[0].IO[8].Data) = 5000

The User is advised to set these values appropriately for 1S and G5 as per the
requirement and referring to the device manual.

Additional settings must be set in order for 1S and G5 drive to work in CST or
= CSV mode. For drive’s other than 1S and G5 similar settings are needed.
o Please check vendor manual for these settings.

ote

The motor can now be set to Jog by either typing the following command in terminal window,
“#<n>J/” where n is motor number or the Jog Ribbon number, or by using Jog Ribbon.
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Miscellaneous features of the IDE

There are various features available within the Visual Studio based Power PMAC IDE.
Import/Export Settings:

This feature allows the layout of the Power PMAC IDE to be changed from the default and
saved.

This can be accessed using Tools-Option-Import and Export Settings. Use the location path
and name to store a personal IDE layout.

Options —

£ Automatically save my settings to this file:

cusers\atul.govande\d ts\visual studio sett Browse.

4 Environment -~
General
AutoRecover
Documents
Extensions and Updates
Find and Replace
Fonts and Colors
International Settings
Keyboard
Notifications

[ Use team settings file:

Quick Launch
Startup
Synchronized Settings
Tabs and Windows
Task List
Web Browser
b Projects and Solutions
b Source Control
b Text Editor
b Debugging
b Peformance Tools
b Database Tools
b Graphics Diagnostics
b NuGet Package Manager
b ReSharper Uttimate
b SQL Server Tools
b Tedt Templating v

et

In a case when the layout is modified for any reason then this can be set back to the newly
created layout by accessing the layout from the windows menu. The image below shows a
user loading a layout they have named “MyNewLayout”.

Window | Help

Float
Float All

CK

B PinTab
Save Window Layout

Apply Window Layout ’ MyNewLayout Ctrl+Alt+1 |
Manage Window Layouts
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View Database:

This command is useful for helping to identify any Database related issues. This can be
accessed from the Help menu as shown below:

| Help
| @ ViewHelp Ctrl+F1
| B8 Add and Remove Help Content Ctri+Alt+F1

|
Set Help Preference 4

[ View Database

| @ Power PMAC IDE Manual
i E Help About Power PMAC IDE

This is a simple database viewer and will display the tables that are used by the IDE. The
viewer looks like this:

@ PowerPMAC Setup Database - Od

| || Search Clear

[ id |[patnumber  ||accoption  |/revision | gateindex | emor  |lgate | =-{{l ppmac10_150_168_238
» 6033984 [IkELE] 5 2 4 ] c_software_tbl0

3] cmisc_software_tbl0
6040350 | 604035 01 0 0 ] ecat_amplifiers
6040351 | 604035 01 0 1

W W | -

0 ] encchan_tbl
> i i i 3
| ] macromastersbitsmap
3] macrostationsbitsmap
] mergedallingstations
] motor_interface
] motorchan_tbl
= mrc_tbl
3] mro0_tbl
= mro1_thl
] mro2_thl
] mro3_thl
] software_tbl0
] software_tbl1
] software_tbl2

™ cnftwzra +hil

Import/Export Database:

It is possible to enter custom Amplifiers and Motors to be used in the Motor setup. These
databases can be exported or imported using the Import and Export functions in the File
menu.
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File | Edit View Project Build

New

Open

Close
E3  Close Solution

Upload Project From PowerPMAC
W Save Master0 (Deactivated)

Save Master0 (Deactivated) As...
W saveal

Export Template...

Export

Import

Page Setug

Recent Files
Recent Projects and Solutions
B &i

Debug

Ctrl+S

Ctrl+Shift+S

Alt+F4

Format
»

»

Miscellaneous features of the IDE

On clicking either option, a choice can be made of which databases to import or export.

Custom Motors...

Custom Amplifiers...

On export, a location will be requested to store the file, and, on success, a message will be
displayed as shown below:

PowerPMAC

0 Database has been successfully exported to the file

C:\Temp\mymotors.xml.

Similarly for Import, the user will be required to select a file to import. If items to import
already exist in the database, a dialog will be displayed where individual items can be
selected, as shown below:

Import Database

C:\Temp\mymotors.xml

vl Manufacturer
[¥] Brusless

demo dc

V] Lin Engineering

myne

] Mystepper

V] Ppitt123

[¥] Shinano

[¥] PPMAC Bk-LV Demo Stand Brushless

Part Number Already Exists
22 Yes
m Yes
42185-04D-RO  Yes
123456789 Yes
10101 Yes
123 Yes
BL17B24-04 Yes
LAD52-040E-P1 Yes
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The main function of Import and Export is sharing Motor and Amplifier

=2 databases.

Note

Set the Editor area to full screen:

To set the Editor to Full Screen simply press Alt+Shift+Enter.

@ Exampe Project - PowerPMAC IDE 1000~ B 10150168238 CPU: PowePCAGUEX Firmware: 24018 sk Lawnch (Ctl- Pla 8 x
fle fR View Pojec Buld Qebug ook Defalu EheCAT Window Hep

e-ol8-0-LRP o||Debug | aycPU - b B enchias msem-.
5 Terminal € Postion [&] Watch [7] ftatus [C] Jog Ribbon | #f Communication Setup | 48 Stant

Select Amplfier

.
4 & Mastesd (Deactivate

. ]
i 5 Stave, 1001 [RESD-KNOIL-ECT-L]

pa11

ot

g s | i, T S Pt T — LI IELIr N
EICC T — ; e
Ham & n: 4 ] Eample Project
01 |ecatplDccicckdt |0 Partd
O | ecatfn) Enabie o v a o
O |ecat0l Masersizee |0 F f??:m
D s [ = i
ccatl s 565
iR : SmE
O o1 o + iz Ehecs
8] o
u] o
8] o
mn

e 61 Mator
408, resp sme- 305Tma - (4 Conrdnate Systerns
Li P [ Encoder
Falze 4 [ CLanguage
Ratings b £ Background Programs
M et Votage » 3 coues
Contious Caert b 3 incde
estantaneous Curent 3 Libcaes
b 3 Reame Routines
2 Cotouatien
0 Documentaion
D Log
£ PAC Scipt Langusge
b B3 Gt inchoes
ama 2 Kinematic Routine:
Armpliies Manufactures (et Harne) > 53 Libnes
b 3 Motion Programs
b 53 PLCPragame

H

@ 262010 5915 AM MotorfZ] Arpidier been chinged to Delt Tew Data Systerms,inc snd U AMPZ (603443)'
© Y2618 35330 AM Motorf2] Encoder Encoder Feedback FB_ACQuadB, FB_AQuadB, None Accepted Successhly

[ — .

PMAC Mezsages

The Editor area will be displayed full screen as shown below:

File Edt View Project Buld Debug Jook DeftaTau EtherCAT  Window Help £a Full Screen ‘Quick Launch 2|
et A
Mantacturer [ —"— 5 PartNumber 0 v g, 3
e ———
ame
e
e
e
e
e
e
© AFamer tings
> i rpurvomage
ComtinsousCurent
»
Name
et Marchrer (B o)
[T e Secte At [ 1o bt [ e

1 Wamings | @) TMessages ] T9Outputs.

Location Modale Description
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Associating motors with User-Written Servo and Phase
Algorithms
After writing usrcode.c and usrcode.h files these can be assigned to certain motors to run

their algorithms through the IDE. To do this, right-click the Realtime Routines folder and click
on “User servo setup”:

- Libraries
3 Mo me
Add » bdec
é
! Scope to This >de.h
1 . X on
| B New Solution Explorer View
bom_save.cfg
| & Properties Alt+Enter  pm save.tpl
User servo setup Dle.txt
) - : Jisable.txt
I Build and Download Realtime Routines
e : ceemstartup.xt
Selecting this opens the following window:
User Servo Setup X
Please select a Motor Number to associate with a User Servo or User Phase routine.
Motor Number User Servo User Phase
Motor O hd b4
Motor 1 hd b4
Motor 2 » ~
Motor 3 ~ ~
Motor 4 ~ o
Motor 5 ™ o
Motor & hd b4
Motor 7 hd b4
Motor 8 hd hd
Function Name: Add
| clearan || aApply |

In this window select the motor to associate with a user-written algorithm. Then select the
User Servo or Phase algorithm which to associate with the motor selected using the
dropdown boxes on the right. Finally click “Apply” to apply the selection. This can be
disassociated with all motors from user-written algorithms by clicking “Clear All.”

New user-written algorithm function can be added to the usrcode.c and usrcode.h files by
clicking “Add a New Function” which opens this dialog box:
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Function Name: ‘SEWOAdd || Add

Name the function and it will be generated in usrcode.c. It's prototype and symbol
exportation will be generated in usrcode.h.

Setting up custom servo algorithms with this screen will modify
== Motor[x].Ctrl, setting it to UserAlgo.ServoCtrlAddr[x]; for phase,

o Motor[x].UserPhase will be set to UserAlgo.PhaseAddr[x].
ote

MACRO Project

To add a MACRO project to the main project right click on the main menu and select Add
Macro Project.

Solution Explorer - ExampleProject(10.34.9.238:PowerPC,460EX)

[ Solution 'ExampleProject’ (1 project)
& O oi 4.9.238:Pg
3 C Langy [ | Build
-- 3 Configu Clean
B+ 3 Docume
= Log Debug »
B C3 PMAC S Build and Download All Programs

Map PMAC Variables
Add Macro Project
& | Cut
X | Remove

Unload Project

_é Properties

The MACRO Project will be added to the Power PMAC Script language folder. The MACRO
project contains a default file named station1.pmh. The MACRO project acts as an
independent project and its contents can only be downloaded to the Power PMAC through a
menu available by right clicking on the MACRO folder. A MACRO file can also be
downloaded by right-clicking on a MACRO file and selecting Download Selected Files.

Solution Explorer - Solution 'ExampleProject’ (1 project)

| @

[ Solution 'ExampleProject’ (1 project)

= [ ExampleProject(10.34.9.238:PowerPC,460EX)

3 C Language

[ Configuration

3 Documentation

3 Log

= [Z PMAC Script Language

- (3 Global Includes

[ Kinematic Routines

]- (3 Libraries

™ ocrc
stal Add »

. 01 Motio| X | Delete

- O3 PLC Pr Rename

}
;
:

- - -F-E

b

£ | Properties

Download All Macro Files
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The MACRO project can be used to isolate the main system files from the MACRO-related
files such as PLCs, local settings and station settings.
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Debugger

The Power PMAC IDE supports Visual Studio-style debugging for Script PLCs and
Background C Applications. The Debugger’s environment layout is different than the
standard IDE environment layout.

There are two prerequisites and for debugging the program;
1. The Power PMAC firmware version must be 1.5.x or greater.
2. Power PMAC project must be built and downloaded at least once before debugging.

If Unsolicited Response window is opened while in Debug mode, make
sure that it is closed before exiting Debug mode. If the window is not
(1% closed, then it will not be possible to establish communication through
another Unsolicited Response window as Unsolicited Response windows
Note only permit one communication channel at a time.

Debugging a Script PLC
After successfully downloading the Power PMAC project right-click the Script PLC to debug:

Solution Explorer - Solution ‘DemoBox_4X' (1 project) - 3 x

_: Solution 'DemoBox_4X' (1 project)
2. ] DemoBox_4X{10.34.9.216)
- % C Language
=T Background Programs

- [ Include
- [ Libraries
i [ [ Realtime Routines
+ 3 Cenfiguration
+- [ Documentation
+ [d Log
= = PMAC Script Language

4 [ Global Includes

[ Kinematic Routines

+ 3 Libraries

+ [_4 Motion Programs

= [iZ PLC Programs
----- < ol

4 | Open
Open With...

[Z]| View Code

Exclude From Project
}( Delete

Rename

Download Selected Files

Debug the selected PLC

‘== | Properties

Select the context menu “Debug the selected PLC” to start the debugger.

This will launch the Debug environment, as shown in the image below. In this environment
the Terminal and the Watch Window are visible. The Debug environment can be customized
by adding additional controls from the Power PMAC ->View menu or from the Power PMAC
toolbar. These controls can be helpful in viewing the variables or debugging programs
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interactively. This layout is automatically stored by the Power PMAC IDE as the Debug
environment layout and is displayed every time a Debug session is launched thereafter.

A breakpoint can be set before or after the Debugger is launched by placing the mouse
cursor onto the line to break and then pressing F9. More information about the Debug menu
is available under the IDE Layout section of this manual.

The Debug Environment is shown and annotated below:

 [Debuggng) - Pomer PMAC Sute (Admenistrator] =T
Fle Edit View Project Buld Debug Tools DeltaTau Window Help
=1 B9 @S ]| 8 vmect -g%a-1
P oo@a He 5| @ -1 A oSS
Process: [8684] ple deme.plc - Theead: [1] - ¥ | [stack Frame: plc demo,ple step demo Li ~ _ ;@ Terminal (4 Posttion [ Watch [l tatus i Jog Ribbon | 4 Communication Setup
—rn - x [T < 3 x| [Solution Bplorr- 5.~ & X
y — =Y
i lution DemoBax 4% (1 |
— DemoBax 4X(10.34.9}
o C Language
#define LAST MOTOR 4 & B Backyromd Pro
#define MOTORS INECS MASK 15 & B o
plc step_demo 8] < demo,
o - & O CPLEs
&- [ Include
3 Libsaries
@- [ Realtime Routin)
&- [ Configuration
- [l Documentation
& [leg
- [ PMAC Script Langu}
#- [ Global Includes|
3 Xemematic Rout
& Ol Libraries
- [ Motion Progran)
= & PLC Programs.
‘ || phe demo.pl)
Watch: Online[1034.9.216:55H] -3 x
Command Response. |
0 mymvarl 0
[
E »
Locabs » 31 X Output > I X
Name Value Type  * || Show oulput fom: Debug 3
o wst [ Loczl Loaded 'Cy\Progean Files {x86)\Delts Tan Data Sy i ta\ Posrar PMALPro] actExamples\Denoliax_X\ ~
o mask [] Locl
o MPos [} Lol
o tmer locl
i Ao | ] Locaks [FWatch T [ Call Stack [ Breakpoints| 2] Command Window| ]immediste Window| (=] Output [SEPendfig Checkans
Ready ng Coll Chl NS
A
v v L
Debugger’s built-in Watch Standard Watch window can | The Terminal Window can
Window. Displays variables be used in addition to the be used while debugging

in scope Debugger’s Watch Window
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PLC execution will be stopped on the breakpoint indicated by a red dot to the left of the

selected line as shown below:

c_demo.r plc demo.plc

f// CS5Global .mygvar2

#define LAST MOTOR 4
#define MOTORS_INPOS_MASK 15

open plc step_demo
local axiscnt, mask, MtrPos, timer;

f/ Display I130..133

Ldata.Coord = 1 // set C5 $ =1
mypvarl = 0
mygvar2 = 0
mymvarl = 0

\) send 2, "I130=%f\n&ll131=3%f\nI132=%f\nI133=%f\n", I130,I131,I132,I133

for next step Command

@ callsub sub.WaitForStep () 4

// "mypvarl™ is an auto-assigned "Global" wariable
/{ Set, Get and Display "mypvarl"”

mypvarl = 1.125
send 2, "mypvarl 5/B = 1.125, it is =%f\n", mypvarl

PLC execution stops
on the line with the
breakpoint

"mygvar2™ is an auto-assigned "CsGlobal™ wariable

. "

f/ Set, Get and Display "mygvarZ™ for C5 # 1

mygvar? = 2.125
send 2, "mygvar?2 5/B = 2.125, it is = %f\n", mygvar2?

Once the program has stopped view the Debugger’s Watch Window for the values of
variables that are in scope. In the current version of the IDE the local variables are

automatically displayed, and the user is not allowed to add other variables. Additional
variables can be added to watch by opening the standard IDE Watch Window (Power

PMAC—>Watch); set these variables’ values using the Terminal Window.

Use F11 to step into function calls or use F10 to step over functions. To stop the debugger

simply press the

button from the toolbar, press Shift+F5 or select the menu item

Debug—>Stop Debugging. Once the debugging ceases the standard IDE environment is

launched.
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Debugging a Background C Application

After successfully downloading the Power PMAC project right-click the Background C
Application (under Background Programs) that is to be debugged as shown below:

Solution Explorer - Solution 'DemoBox_4X' (1 project) ~ I
=]
J Solution 'DemoBox_4X' (1 project)
£~ [] DemoBox_4X(10.34.9.216)
£ & Clanguage
] E| = Background Programs

T & ca
- 3 CPLCs Add »
- O3 Include Exclude From Project
4 Libraries
! @~ [J Realtime R Delete
3 Configuration Rename
-- [J Documentatiq ._EI Properties
- [ Leg
E| [ PMAC Script | Download Selected Files
- [ Global Inc| Debug the selected CApp
[ Kinematic ROUTIAE:
- [ Libraries
3 Motion Programs

=~ [ PLC Programs
| ple demo.ple

Select the context menu “Debug the selected CApp” to start the debugger. This will launch
the same debug environment used when debugging a Script PLC.

A breakpoint can be set before or after the debugger is launched. To set the breakpoint after
the debugger is launched make sure that the Background C Application is in a loop;
otherwise, the program execution will be completed, and it will not encounter the break point.
Breakpoints can be set by pressing F9. More information about the Debug menu is available
under in the IDE Layout section of this manual.

#define CHAR BUF_SIZE 0Ox10000
#define LAST MOTOR 4

#define MOTORS INPOS MASKE 15
woid WaitForStep (void) ;

int main(void) {

int fd, nok:

double getwvar, getwvarz, setvar;
unsigned mask, status = 0;

int axiscnt = O0;

struct coorddata coord pos[32];
long long lldatas

char *zzdata;

Reqgquired Startup Code
= . InitLibrary () : The C Application’s
P execution stops on the
/7 breakpoint.

/ ¥Your code starts here

Shared MEM Ptr "pshm™ is automatically available with Ini

S5et Motor IN POS band

for (axiscnt=0; axiscnt < MAX MOTORS; axiscnt++)
peshm->Motor[axiscnt] . InPosBand=10;

a chunk of memory
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The application will stop at the breakpoint set as shown below:

At this point check the Debugger’s Watch Window for variables that are in scope as shown
below:

Locals ~ 1 x
Name Value Type i
A O
o
@ nok int .
@ getvar double |Z
¥ getvar2 double |
@ setvar double THE
@ axisant int
@ status unsigned int

ad dina

b o ooooo

In the current version of the IDE the variables are automatically displayed, and the user is
not allowed to add the variables. Add additional variables to watch by opening the standard

IDE Watch Window (Power PMAC =>Watch); set these variables’ values using the Terminal
Window.

Use F11 to step into a function or use F10 to step over a function. When stepping into a
function the Call Stack Window will display the calling sequence. The Debugger supports
multiple levels of call-stacks.

To stop the debugger, simply press the @ button from the toolbar or press Shift+F5 on the

keyboard or select the Debug = Stop Debugging menu item. Once the debugging ceases
the standard IDE environment is launched.
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MATLAB/Simulink target for Power PMAC

Installing the Power PMAC Target on MATLAB

By default, the MATLAB Component’s installation folder is installed with the Power PMAC
IDE. If the PC’s operating system is 32-bit, it can be found at:

C:\Program Files\Delta Tau Data Systems Inc\2.0\PowerPMAC Suite\MATLAB
Component \ ppmacTarget

To install the component in MATLAB, do the following:
1. Launch MATLAB 2013b.
2. Change the “Current Folder” to the above folder.

_injx|

Search Documentation o)

gl 1 T = - —~ 8% .
L‘i}g 7 L3 [grndries & ‘:—\ﬁ o e varstie L Anabyze Code (&) E @ preferences  \2 i3 Communly

£ Open variable ~ Run and Time = Request Support

New New Open \l—;‘ Compare  Import Save 7‘_2 o é} Simulink  Layout @ Set Path Help — e

Script ¥ - Data E;_‘/} Clear v [/ Clear v  Library - - é}-. Add-Ons v
FILE VARIABLE CODE SIMULINK ENVIRONMENT RESOURCES

< EHE » C: » ProgramFiles » Delta Tau Data Systems Inc » 2.0 » Power PMAC Suite » MATLAB Component » ppmacTarget » v 0

Current Folder [ON | Command Window ® || wor.. ®
Name © @ New to MATLAB? Watch this Video, see Examples, or read Getting Started. X | ||Name L

%) writereg.p fx >>
] ver 7
[%) Traj_PPMAC_file_process.tic
%) Traj_PPMAC_ert_code_template...
#}) Traj_ppmac_default_set.p
%) traj.p
) sl_customization.m
#) PPMAC_param3.p
) PPMAC_param3.fig
%) PPMAC_file_process.tic
[&) PPMAC_ert_code_template.cgt
¥ ppmac_default_set.p
#) PowerPMAC_Traj_make_rtw_ho...
%) PowerPMAC_Traj.tlc
) PowerPMAC_make_rtw_hook.m
%] PowerPMAC.tlc
#) DT _installer.p
) DT_instaler.fig
#) CreateTextFiesNpmh.p
) CreateStructuredModel.p

B | DT_Lbrary

Details

Ready Z

3. Run the DT_installer.p file by either right-clicking on the file in MATLAB’s “Current
Folder” window and selecting “Run” or by typing DT_installer and pressing enter in
MATLAB’s “Command Window”. The installation interface should then launch.
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MATLAB R2013b

@ ,513 = s é}_‘ E iz, New Variable | . Analyze Code LE_H] E s @ % Community

e Open Variable v Run and Time Request Support
New New Open |i|Compare 'ﬁ.‘.‘:‘ Save E’_ ; @ 3 Siuink | Layout [ Set paih m3 i |
o MEAE. | e G2 | o conmmnte, 7| Lexay, 7 apmeo
FILE i VARIABLE | CopE | SIMULINK | MENT | RESOURCES
<J » [E ﬁ I, » C: » ProgramFiles » Delta Tau Data SystemsInc » 2.0 » Power PMAC Suite » MATLAB Component » ppmacTarget » i o
Current Folder ® || Command Window ® || wor.. @
[Name < [|| @ New to MATLAB? Watch this Video, see Examples, or read Gettin Started. x ||[Name £
) writereg.p >> DT_installer
L ver

[%) Traj_PPMAC_file_process.tic

%) Traj_PPMAC_ert_code_template...
%)) Traj_ppmac_default_set.p

) traj.p

#9 s|_customization.m

#) PPMAC_param3.p

=================Delta Tau Data Systems Inc.
ﬁPPMAC_paramlfg Platform Microsoft Windows 32-bit detected.

[%) PPMAC_file_process.tic You may continue installing/uninstalling Power PMAC Target.

C:\Program Files\Delta Tau Data Systems Inc\2.0\Power PMAC Sui

[=) DOMAC ert_code_template.cgt

to be run

. . h >>
This file needs  [ersee oI
MAC_Traj.tlc . -
MAC_make_rtw_hook.m
erPMAC.tlc
“DT_i P
%] DT_instaler.fig
#) CreateTextFiesNpmh.p Install |
#)) CreateStructuredModel.p
DT_Library
Uninstall |
info>> MATLAB R2013b detected A|
DT_installer.p (P-code A | i S ] T |
A

4. Press Install and if the MATLAB version is 2013b installation will complete successfully,

as shown below:

Delta Tau Power PMAC

AN\ DELTA TAU
T ' 4 Data Systems, c

NEW IDEAS IN MOTION

Uninstall |

info>> MATLAB R2013b detected ;'
info== PPMAC Target file version matched

info=> ppmacTarget folder added to MATLAB path

info=> ppmacTargef\DT_Library folder added to MATLAB path

info>> Target and Library path added

info>> Installation is successful, Please restart MATLAB now

5. Exit MATLAB and launch it again.

Power PMAC IDE User Manual

457



MATLAB/Simulink target for Power PMAC

How to use Simulink to Generate User-Servo C Code

After installing the Power PMAC Target on MATLAB Simulink can be used for model
development and C code generation. The C code can do user servo algorithm tasks or any
mathematical calculation that needs to be run at a determined interrupt (i.e. at a multiple of
Power PMAC'’s servo interrupt).

The following example shows how the user can design a PID algorithm in Simulink, use the
Target to generate the C code expressing the algorithm and then deploy the C code through
the Power PMAC IDE as the control algorithm for any motor (virtual or real).

Example: Modeling PID Control of a Brush Motor
Step 1: Design the Model

First, the model should be designed in Simulink with the proper parameters and then verified
using the Simulink source and sink blocks if necessary. The following is an example PID
control algorithm model for a brush motor whose transfer function is approximated by

Yo _ 183
R(s)_ sz’

where Y(s) is the output from the motor and R(s) is the input to the motor.

To learn more about how to find an approximation for the motor, Delta
= Tau’s Servo Analyzer application can be used. The Tuning application in
o Power PMAC IDE can also be used for this purpose.
ote

Note that the values put for the derivative blocks need to be multiplied by this motor’s servo
rate, which is the rate at which the servo algorithm will be executed, and the integration
gains need to be divided by that value.

For example, if the algorithm is going to be used as the user-servo routine for Motor 1, then
in the Gain Value property of the derivative block, put the numerical value of

Motor[1].Servo.Kvfb*Sys.ServoPeriod*Motor[1].Stime,
and use the numerical value of

Motor[1].Servo.Ki / (Sys.ServoPeriod * Motor[1].Stime)
for the integrator gain. In this example, Kvfb=1500 and Ki=0.01 are used and the servo rate
is the default value of Sys.ServoPeriod=0.00044274211. Motor[1].Stime=1 and Kp=45 are

set. In other words, 1500%0.00044274211 and 0.01/0.00044274211 are the values put in the
Gain values of the derivative and the integrator gains, respectively.

Power PMAC IDE User Manual 458



MATLAB/Simulink target for Power

PMAC

" . PIDmodel ol x|
Fle Edit View Display Diagram Simulation Analysis Code Tools DeltaTau Help
| = < — = Feey
CRY= BEe-E O @b [loma ElORE
PIDmodel |
@® |["alPromodel -
& DacB
3 |
»| =D ,,E1
= Tz |
Disorete D erivative
L—o-E L 2 =i—
Step Gsin Saiummn Zm}Olda [m—— Zero-Crdar Scope

Disorete-Time
Integrator

Transfer Fen Hold!

b
Ready

[100%

ode3 7

The model can be tested by starting the simulation and checking the results. If the results
are not satisfactory, the parameters can be changed and tuned in Simulink before code

generation starts.

For this example, here are the plots Scope and Scope1, showing a step response:

) Scope

Time offset: 0

=10l

EEEEE
ERIE R FEEIEE

L]

,'- Scopel

[-) scoper
ERIEERFEEERE
4

Step 2: Include Delta Tau Library Blocks in Simulink

The second step includes using the Delta Tau Library blocks in Simulink as for the inputs
and outputs of the algorithm. To do so, launch the Simulink Library browser. The following
picture shows how the Delta Tau library looks after the Power PMAC Target been

successfully installed on MATLAB.
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_ipix

File Edit Wew Help

Bl 3 » I Enter search term j M el

Libraries srary: DELTA TAU PPMAC Library Iﬂl
B [*a| Simulink
- [’a| Control System Toolbox gy PPMAC_INPU-
B 1 DELTA TAU PPMAC Library v T

b [*a| Embedded Coder

- *a| Real-Time Windows Target
- P& Simulink 3D Animation

B [Pa| Simulink Coder

B [*a| Simulink Extras 4. PPMAC Seno-
- |Pa| Stateflow RN

,—-u;’_in;, PPMAC_OUT

d—rf PPMAC_Traj

Showing: DELTA TAU PPMAC Library 4

The library includes 4 blocks:
e PPMAC_INPUT
PPMAC_OUT
PPMAC_Servo_RTN
PPMAC_Traj

The PPMAC_INPUT and PPMAC_OUT blocks can be used anywhere the user needs to
have access to a memory location in Power PMAC. Use PPMAC_INPUT to get data values
from Power PMAC to use in the algorithm and PPMAC_OUT to set (write) data values to
Power PMAC. After putting one of these blocks into the model double-click it to set the
memory location with which it is associated. Double-clicking an input block will bring up the
following screen:

Source Block Parameters: PPMAC_INPUT1 ll

— (mask) (link)

DeltaTau PowerPMAC
Shared memory access

ex) Motor[1].ActPos
P[13]

— Parameters

Shared memory alias for input

oK Cancel | Help | Apply

Here are some examples of memory locations:
Pshm->P[1]

Pshm->Ddata[0]

Mptr->ServoOut

Mptr->lqgCmd

Pshm->Motor[3].Kp
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This screen below is displayed when an output block is double clicked:

Sink Block Parameters: PPMAC_OUT il
— (mask) (link)

DeltaTau PowerPMAC
Shared memory access

ex) pshm->Motor[1].ActPos
P[13]

— Parameters

Shared memory alias for output

oK I Cancel |

Help | Apply |

This screen below is displayed when an return block is double clicked:

Sink Block Parameters: PPMAC_Servo_RTN ll
(mask) (link)

DeltaTau PowerPMAC
Servo Return Block
Mptr->ServoOut = <Inport Signal=

oK I Cancel |

Help | Apply |

At this point saving the test model as a different name and then working on the new model

for code generation is recommended.

In this example there are three input blocks, one output block and one servo return block

used and the parameters are set as shown below:

" PIDmodel_CG il _||:|| x|
File Edit View Display Diagram lation Analysis Code Tools DeltaTau Help
b - @ ek M=MESC R IOR A [Rerma = | @~ e
PIDmodel_CG |
© |[Pa|rDmodel_cG -
(XN
= [ kev | \
o Kiz1 ¥
= > \
15z PPMAC_INPUT2
[A3] Discrete Derivative pshm-=F[1]
/ P V)
(£2) L»les > o~ &
Gein Ssturation ¥
PPMAC_INPUT PPMAC_Servo_RTN PPMAC_INPUT1
Mptr->DesPos Mptr->ActPos
AN
Integrator '.1‘:/)
\
PPMAC_OUT
pshm->F{2)
»
Ready |100% ode3
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Mptr->DesPos and Mptr->ActPos are used to have access to the desired position and
actual position of the motor that runs this servo algorithm, respectively. Pshm->P[1] is used
as an input; its value will be added to the corresponding connected signal. Pshm->P[2] is
also used in an output block to get the value of the connected signal and write it to P[2] for
parameter monitoring or other purposes.

The PPMAC_Servo_RTN block can only be used once in a model. The value of the
connected signal to this block will be written to Mptr->lgCmd, which is the DAC output of the
motor running the servo algorithm. If this block is used, the model needs to be built and the
C code needs to be generated with the PowerPMAC.tlc target, which generates servo
algorithms, and not PowerPMAC_Traj.tlc, which generates trajectories. PPMAC_Traj block
can also be only used with the PowerPMAC_Traj.tlc target and not PowerPMAC tic.

The models that include Delta Tau’s Power PMAC Library blocks can only be used for the

purpose of code generation and not simulation (i.e. they cannot be used in Simulink at
runtime).

Step 3: C Code Generation

The third step is to generate the C code. Open the model’s “Model Configuration
Parameters” dialog box which can be found at the “Simulation” menu or by pressing Ctrl+E.
Go to the Code Generation pane of the dialog box and choose PowerPMAC.tlc as the
System Target File as shown below:

G/Co x|
Select: I —~Target selection =
Solver
System target file: | grt.tic Browse...
Data Import/Export ¥ g Ig
- Optimization Language: C =
- Diagnostics el ] J
Hardware Implementation Description: Generic Real-Time Target
Model Referencing
- Simulation Target -Build process
[+ Code Generation ’V . -
—Toolchain settinas
System Target File Browser: PIDmodel_CG _XJ
System Target File: Description: date...
asap2.tlc ASAM-ASAP2 Data Definition Target i
autosar.tlc AUTOSAR x
settings
ert.tlc Embedded Coder
ert.tlc Create Visual C/C++ Solution File for Embedded Coder
ert_shrlib.tlc Embedded Coder (host-based shared library target)
grt.tlc Generic Real-Time Target
grt.tlc Create Visual C/C++ Solution File for Simulink Coder
idelink ert.tlc IDE Link ERT
idelink grt.tlc IDE Link GRT =
i PowerPMAC.tlc DeltaTau PowerPMAC Target
PowerPMAC Traj.tlc DeltaTau PowerPMAC Trajectory Generation Target I
realtime.tlc Run on Target Hardware -
rsim.tlc Rapid Simulation Target
rtwin.tlc Real-Time Windows Target pte code
rtwinert.tlc Real-Time Windows Target (ERT) =l

Full Name: C:\Program Files\Delta Tau Data Systems Inc\2.0\Power PMAC Suite\MATLAB Component\ppmacTarget\PowerPMAC.tlc

oK | Cancel I Help I Apply I =
9 oK | Cancel I Help I Apply I

Setting PowerPMAC.tlc as the system target file forces the Simulink Coder and Embedded
Coder to generate C code that is compatible with Power PMAC’s memory structure and can
be downloaded to Power PMAC. If the servo rate is different than default it needs to be set
here at the Solver pane under Fixed-Step Size.

Apply the changes in the Model Configuration Parameters dialog box and save the model
again. Return to the dialog box and press the Generate Code button in the “Code
Generation” pane. The C code will be automatically generated and saved in MATLAB’s
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current folder. A report including the C code (.c source and .h header files) will be
automatically opened and saved in the same folder as well.

Click on the links on the left tab of the report, shown below, to see the generated C code:

I Code Generation Report -lo/x]
_wack | Forward] == || Code Generation Report for 'PIDmodel_CG'
Contents Summary
Summary

Code generation for model "PIDmodel_CG"
Subsystem Report

Code Interface Report Model version 1.55

Traceability Report Simulink Coder version 8.5 (R2013b) 08-Aug-2013
C source code generated on Fri Dec 06 11:54:05 2013

Static Code Metrics

e Configuration settings at the time of code generation: click to open

Code Replacements Code generation objective: Execution efficiency

Report Validation result: Not run

Generated Code

[-1 Model files
PIDmodel_CG.c
PIDmodel_CG.h
PIDmodel_CG_private.h
PIDmodel_CG_types.h

[-1 Utility files
rtwtypes.h

[-1Interface files

rtmodel.h

_‘I—I_>l_I

o

Step 4: Deploy the Model in the Power PMAC IDE

The fourth step is to deploy the model in the Power PMAC IDE. To do so create a new
folder, preferably in MATLAB’s Current Folder. Launch the Power PMAC IDE and create a
new project in that folder.

In the Power PMAC IDE, open the “Solution Explorer” window and then the C Language

- Realtime Routines folder. Right click on the “Realtime Routines” folder, choose “Add

Existing item...” (as shown below) and then go to the folder where the generated code was
saved.

[6 Pove princ s rammsrmnar) =)
File Edit View Project Buld Debug Tools DeltaTau Window Help
iE-FE- S EH | 6 BRR|9 ™| b Debug ~ Any CPU ~ | @ i100 .q;l i.
: i Terminal iton JZ Watch J§Status [ Jog Ribbon | 4> Communication Setup
Watch: Online[192. 168, 1 C
| [Command | Response |} 0.00 me 0 7 )
» 0 |Motorf2}lqC... [0 2 000 m 0 c [5] Solution ‘PowerPmact’ (1 project)
1 |Motorf2lPos |0 - 3 PowerPmac1(192.168.0.200)
5 & Clanguage
2 |Motori2)Act.. |0 [ Background Programs
3 | Motor{2].Ppos |0 - [ CPLCs
4 |Motor2] Des... [0 & [ Indude
[ Libraries
5 |Motor(2]desi... |0 b B =
6 |SysServoCo... | 4.410.469.000 © y
W usrcode = =
7 |CamTablef]... |0 B A [ Properties
8 |CamTable[0].. [0 B0 User 5
9 |CamTablef0].. |0 - B Log Buid and Download Realtime Routines
PMAC Script L:
10| #2p 000000 e I SRR
11| motori2]Co... [0
12| motor(2) Des... |0
13| motorf2}ho... |0
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Add all the generated .c and .h files as shown below:

% Power PMAC Suite (Administrator) o (=] 3
File Edit View Project Build Debug Tools DeltaTau Window Help
iEl- - e % B @9 - ™ - B | b Debug ~ Any CPU ~ | @ i100 -] 8

1
2 i
3 ~ |23 | search PIDmodel_cG_ppmac (8]
4
5 |Motorp Oroanize ~  New foider = > 0 @
61 Sy Se | mure 2| Name | pate modified |rype - =l
7 |CamTs |\ PowerPmacSuite | html 12/6/2013 11:54 AM  File folder
8 |CamTz & p1omod
9 |CamTz . Favorites & Promod
Deskto
10 |#2p = ? A promod
. E— 18 Downloads
: %] Recent Places I Promodel
12 | motorf: A rtmodel Header file
13 | motorf: 4 Libraries &t Header file
. il =] Documents i 3
S 2] |4 buildinfo 12/6/2013 11:54 AM  MAT File n
7| codelnfo 12/6/2013 11:54 AM MAT File 1L
| &) rtwtypeschksum 12/6/2013 11:54AM  MAT File
|| PIDmodel_cG _ref.rsp 12/6/2013 11:54AM  RSPFile |1
=lal | ;I_J
File name: ["PIDmodel_CG" "PIDmodel_CG" "PIDmodel_CG_private” "PIDmode =] [All Files (%) =]
Add |+ Cancel I
Z.

o)

<l |

Folder Name
Name of this folder

[=] Output | Error List[[J) Task L»stﬁﬁnd Results 1

4

The generated files are saved in a folder in MATLAB’s Current Folder at the instant when the
user-clicked on the “Generate Code” button on the Model Configuration Parameter’s dialog
box. The name of the folder is the same name as the model but with a _ppmac suffix.

Right-click on “Realtime Routines” and choose “User Servo Setup,”. Choose the number of
the motor that will execute the servo algorithm, select the User Servo’s name and then press

Apply, as shown below:

Power PMAC Suite (Administrator) =lof x|
File Edit View Project Build Debug Tools DeltaTau Window Help
F-E-E H S| ¢ BaR |9 - ™ - F-5| b Debug ~ Any CPU ~ | @ i100 =
B % b ar =2 0P

R

: § Terminal X Position IZfwatch J8li Status [ Jog Ribbon | <& Communication Setup _

| Add A New Function_|

0 0 ~|| [ Solution ‘PowerPmac1' (1 project) =
1 |Motor[2].Pos |0 < x | B [ PowerPmac1(192.168.0.200)
B [y Clanguage
2 |Motor{2]Act.. |0 = @ (23 Background Programs
3 |Motor{2).Ppos [0 B [ CPLCs
4 |Motori2] Des... [0 2 ; . EHF- T ekt
[ Libraries
5 | Motori2 desi.. | o EEl S =1ofx| O B ReslbmeRouAeS
voCo... | £ S €' pidmodel_cg.c
s Ors.So - Please select a motor number, to associate it with a user " ;dma Z-h
7 |CamTablel0].. |0 servo or user phase routine. B’ pidmodel_cg_private.h
8 |CamTablel0].. |0 Motor Number: B pidmodel_cg_types.h
9 |CamTable0]... |0 ' rtmodel.h
B rtwtypes.h
0 #2p € IMotor2 © € usrcode.c
11| motor2]Co.. |0 |Motor3 B usrcode.h ]
Motor 4 [Z3 Configurati
12 |motor{2]Des... |0 |Motor 5 S e
e ocumentation -~
13 motorizlho.. |0 |Mtor® =l =
rovd chars: 78, resp tirr SEORezde

Realtime Routines Folder Properties

Show output from: Build

Please wait while setting up the compile o +
Please wait while comparing the project (P
There is no project loaded in the Power BM

wil

<l |
[=] Output I_BEHM List | | Task List |3 Find Results 1 |

Ready

Realtime Routines

Folder Name
Name of this folder
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Add any other necessary files to the project right-click the Project and then click “Build and
Download”. The selected motor’s user servo algorithm will start running as soon as the
motor is activated and enabled. To activate the motor issue a Motor[1].ServoCtri=1
command and to enable it, issue a #1j/ command from the terminal Window. To verify that
the motor is using the user servo algorithm, check the value of Motor[1].Ctrl. If it is set to
UserAlgo.ServoCtrlAddr[i] then it is using the user servo algorithm.

Step 5: Verify the Result

To verify the result, give the same desired position input to the motor that was commanded
in Simulink (e.g. a Step input of 1000 cts for 0.5 sec). This could be done using the IDE’s
Tuning application (from within the IDE, click Tools =Tune). The following image shows a
real result from Motor 1 on a UMAC Demo rack:

btor Type — | [~ Servo Algorithm | [~ Posttion Loop Filter Info. —| — Trajectory Preitter Info. —|

: - =10l x|
Select Motor Current Loop Turing | Open Loop Test | Postion Loop Autotune ~ Postion Loop Interactive Tuning | Trajectory Preiter Setup | Adaptive Cortrol Setup | Interactive Fiter Setup |
~ Feedback Gains Trajectory Selection
Motor 2
Motor 3 Propotional Gain (Kp) 100 Step | Ramp | Parabolic Vel. | Trapezoidal Vel. | S-Curve Vel. | Sinusoidal | Sinesweep | User Defined |
Motocd Dervative Gain 1 (Kb) 2000  Select Step Move Parameters
Dervative Gain 2 (Kvifb) 0 SepSze [1000  mu
Integral Gain () 0.0099999998
Step Time  [500 ms
F Gains
Velocty Feedforward Gain 1(Kvff)  [2500
Velocty Feedforward Gain 2 (Kvif) [0
Acceleration Feedforward Gain (Kaff) [0 D' e Mo
Frction Feedforward Gain (KFf) 0
=0l x|
Fle View Toos e
i =
il Motor Move in One Direction [~  Dwell Time = [~ Repettive
ortheMove. |- Ony Az The iove ™ Move
— Select Plot tems
" Fiter Calcuator
g Left Avis Postion %
: Right As Servo Command ~
‘é’ Show Servo Block Diagram
=
£
&
o
°
H
§
123

Independent User Written

100 200 300 400 500 600 700 800 900 1000

Time (ms)

Peak Magnitude = 1339.50 counts.Peak Time = 45.60 ms.
Rise Time = 15.94 ms.Overshoot = 33.3 %.Damping Ratio = 0.33 .
Natural Frequency = 13.33 Hz.Settling Time = 109.43 ms.

The result of the step response from the Tuning software should now be compared with the
step response obtained from Simulink previously to see how closely the model matches the
real response.
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Using Tunable Parameters in Models and Code

The parameter values in the previous example model (e.g. Kp=45, Kd=1500%0.000442,
Ki=0.01/0.000442) are hard coded in the generated C code. In the last example, after a tes

t

run of the project in Power PMAC IDE, if the value for any of those parameters needs to be

changed then the C code needs to be changed and the whole project be built again and
downloaded again.

Here is how one can generate C code with tunable parameters. These parameters could
then be changed dynamically as the program is running.

Example: Variable Kp, Kd, and Ki

In the Simulink model, replace the model parameters with Kp, Ki and Kd. Do not specify
these parameters inside the derivative or the integrator blocks themselves; the gains must
be separated from the integration or differentiation blocks (see the following picture):

" PID_CG_P

File Edit View Display Diagram Simulation Analysis Code Tools DeltaTau Help

=8 Ee-E-E0Pb | @ rans d@- @
PID_CG_P |
© |Pa|PID_CG_P %
Q /
AR
: b =
=7 b / Scope1
Gain2 4 - PPMAC_INPUT2
E Discrete Derivative pshm-=P[1
/.
/ 7
/_/ ’_ﬁ—b plkp d""/ 4 ]
v 4 Saturation 7

PPMAC_INPUT

Mptr->DesPos

Gainl  pisgrete-Time

Integrator

PPMAC_Servo_RTN

/.
£AN

U4
/

PPMAC_INPUT1

Mptr->ActPos

PPMAC_OUT

»

Ready [100%

FixedStepDiscrete /2

The parameters Ki and Kd can be put as gains before the integrator and derivative blocks,
respectively. The values of 0.00044274211 and 1/ 0.00044274211 (i.e. the numerical value

S

of the servo period and its inverse, respectively) need to be set for the gains of the Integrator

and Derivative blocks, respectively. The numerical values of Kp=45, Ki=0.01 and Kd=1500
also need to be present in MATLAB’s base workspace. To do so, type Kp=45; Ki=0.01;
Kd=1500; in the MATLAB command window.

Before generating the C code in the Simulink Model, click on the “DeltaTau” menu, then
“Parameters”, and then “Model Validation”. A message will ask if the parameter’s numerical
values need to be attached as a preload function to the model or not. If “Yes” is clicked the
next time the model is opened the same numerical values for Kp, Kd, and Ki will appear in
MATLAB’s workspace. These numerical values will be used only as an initial value for the

parameters; the parameters could be changed later when deployed in the Power PMAC IDE.

In the “Model Validation” program check the model to make sure that only acceptable

Simulink blocks are being used. MATLAB does not yet support some Simulink blocks like the

“Discrete Derivative” and “Discrete Integration” for parameter tuning. Many other blocks like
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“Gain” and “Constant” are supported. Using these two blocks with tunable parameters is
often enough for many models. Note how the Gain blocks are used in the above example to
tune parameters affecting the “Discrete Derivative” and the “Discrete Integration” blocks.

Next, in the Simulink model window, click on the “Delta Tau” menu, then “Parameters” and
then “Parameter Assignment”. A dialog will open which asks the user about the memory
location in Power PMAC to which the model parameters should be saved and from which to
be updated when the project is running. There are three options: Sys.DData[i] user buffer
memory, Global Variables (P-Variables), or a custom memory location as shown below:

-} Delta Tau, Power PMAC Tunable Parameter Set Up - |EI |£|

MATLAB to Power PMAC memary mapping ruls

% User shared memory buffer Ddata starting at I 1
" Global shared memory buffer (P variables)

" Customize "Initial Walue(s)" and/or "PPMAC Memory Location(s)”

Parameter Mame | Initial Value PPMAC Memory Location | PPMAC IDE Symbol
1 (Kd 1500 Sys.Ddata[1] _Kd
2 ki 0.0100 Sys.Ddata[2] Ki
| 3 ke 45 Sys.Ddata[3] _Kp

Update the parameters every
I 500 =servo execution Create files Restore default settings |

The parameters will be updated every 500 servo cycles by default. This number can be
changed using the provided text box. The user can also change the initial values of the
parameters here as well (in addition to in the MATLAB workspace). The Power PMAC
memory location is also displayed. The Power PMAC IDE symbols correspond to the
symbols that will be created in the Power PMAC IDE project. The user can write to these
variables (e.g. _Kp, _Ki, _Kd) and change the values of the adjustable parameters on the fly
through the Terminal Window, PLC, a motion program ,or in other C programs.

Click on the “Create files” button. When clicked, the model closes and a new model with the
same name but with an additional “_” suffix is created and opened. This model will be used
for code generation. This model has structured, tunable parameters. A new folder is also
created in the same folder as the first model. This folder is named after the first model with
“ param_ppmac” suffix. This folder includes 3 text files named “..._param_update.txt”,
“..._param_initial.txt” and “..._MATLAB_definitions.pmh”, which will be used later.

Start the process of code generation for the new model whose name ends with “ ”. To do
so, as explained in the last section, in the Simulink model, open the “Model Configuration
Parameters” dialog box from the “Simulation” menu (or pressing Ctrl+E). In the “Code
Generation” pane, go to “Target selection” and then “System Target File”. Click “Browse”
and choose the target. Choose “Power PMAC.tlc” for general math and/or control loop
algorithm (user-servo) code or choose “Power PMAC_Traj.tic” for the custom trajectory
generation target. Tunable parameters are used in the same way for both these targets.
After the target is chosen, save the model, then go back to the “Model Configuration
Parameters” dialog box. Go to the “Code Generation” pane and click on “Generate code”.
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The generated code will be saved in MATLAB’s Current Folder and a report that includes the
generated code will launch. The code is saved in a folder named after the original model with
the “_ppmac” suffix.

The Generated code can be deployed the same way as explained in the last section to the
Power PMAC IDE project, with the only difference being that the file named
“..._MATLAB_definitions.pmh” saved in the “..._param_ppmac” folder also needs to be put
in the Power PMAC IDE project in the Script Language—=Global Includes section. See the
following picture for an example.

& Power PMAC Suite (Administrator) ] 2 Inlil
File Edit View Project Build Debug Tools DeltaTau Window Help
A-E-E S| %@ 9™ - F-E | b Debug ~ AnyCPU - | % i100 ||

|22 0P EREBR,

0 |Motor[2]iqC... |0 u.U il ;Soluﬁon'Poweeracl' (1 project)
1 |Motor{2]Pos |0 _“rtwtypes.h | rtmodelh | < x | B [ powerPmac1(192.168.0.200)
- - — = |ZF CLlanguage
2 |Motorf2]Act.. |0 i / - A [~ [l Background Programs
3 | Motor{2]Ppos |0 2 "HlczBHGED.c N - [ CPLCs
3 » - [ Indude
E Motor2) Des.| 0 4 * Real-Time Workshop ct [ Libraries
5 |Motor{2].des... |0 5 w [~ [ Realtime Routines
6 |Sys.ServoCo... | 5.377.224.000 S T:Bodelsyeraion : pid_cg_p_.c
7 * Real-Time Workshop f: " pid_cg_p_.h
Jill| CamTable[)... |0 8 * Real-Time Workshop £ (3 pid_cg_p__private.h
8 |CamTable[0]... |0 9 * TLC version W' pid_cg_p_types.h
9 [CamTable[0]... |0 10i * C/C++ source code gel B’ rtmodel.h
10| #2 0.00000 o W rtwtypesih
2 12 * Target selection: Por 054 usrcode.c
11| motor2).Co... |0 13 * Embedded hardware se. W usroode.h
12 | motor{2].Des... |0 14 * Code genexat[z.on obje: * gconﬁgwauon
13 | motor{2Lho... |0 15 * Validation result: N: gfowmentation
j = oL é] S P:’IgAC Script Language
revd chars: 78, resp time: 1.465ms -i :{_ A v‘ B} B Global Indudes
Terminal: Online[192.168,0.200:55H] + & X ‘I % 2] motorsettings1234.pmh

|7 pid_cg_p_matlab_definitions.pmh
Output > 3 X [ Kinematic Routines

2 - [ Libraries

[~ [ Motion Programs

[~ [ PLC Programs

Please wait while setting up the com;j
Please wait while comparing the proje

There is no project loaded in the Pow
P Properties v I X

¥
< | »

| [Z] Output | _“a Error List |j Task List ﬁ Find Results 1 |
Ready Ln 14 Col 16 ch 16 NS

To tune the parameters using the variable names created in the .pmh file. For example,
command “_Kp=44" in the terminal window to set the Kp parameter equal to 44.
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How to Use Simulink to Create a Trajectory

The Power PMAC Target can be used for generating trajectories as well. The generated
trajectory will command motors (not axes) individually. The trajectory can be made by using
the PPMAC _traj block made specifically for this purpose. It can be found in the “Simulink
Library Browser” in “Delta Tau PPMAC Library” within Simulink. The input signal to the
PPMAC _Traj block will be the position signal commanded to the motor. More than one
trajectory can be made in every Simulink model. Out of each of the PPMAC_Traj blocks,
only one trajectory is made. For example, five PPMAC_Traj blocks in a Simulink model
makes five trajectories, each of which could
be run on any motor. These trajectories
need to have distinct names. The names of
these trajectories will be used to create a
flag which can be used (in addition to a Custom Trajectory Generator Block (Subsystem)
motor number) to start the trajectory for that
specific motor. For example if the trajectory Trajectory Name
is named “Sintraj,” to start this trajectory for ]
Motor 4, user needs to issue the command
“SinTraj_flag(4)=1". The trajectory will run as | Time max(in sec)
long as it is defined in the Simulink model. E
The total amount of time that the trajectory
runs is fixed and cannot be changed; it must
be defined in the Simulink model in the oK | Cancel Help Apply

sink Block Parameters: PPMAC_Traj x|
— (mask) (link)
Delta Tau Power PMAC

— Parameters

PPMAC_Traj block’s parameters. On the
right is a screenshot from double-clicking the block:

“Trajectory Name” and “Time max” (in seconds) are the two parameters that need to be set
for every PPMAC_Traj block.

Trajectories are usually made using the Simulink source blocks. All the time parameters (if
there are any that need to be set in blocks) must be set in units of seconds. Frequencies
must be set in Hz. To access the “Source” blocks launch the “Simulink Library Browser”,
then go to Simulink =Sources. Most Simulink blocks can also be used in the model. Delta
Tau does not support the following “Source” blocks for trajectory code generation using the
PowerPMAC_Traj.tlc target:“Counter Limited”, “Digital Clock”, “Enumerated Constant”,
“Random Number”, “Unified Random Number” and “Band Limited White Noise”. Other
“Source” blocks, however, can be used for this purpose. To check if other blocks in other
libraries are supported, check the Simulink Coder’s list for “Supported Blocks for Code
Generation” in MATLAB’s documentation.

Example Trajectory Generation Model

The following is an example of how to create a model in Simulink. The following picture
shows the model of a time-based sinusoidal input. The sine wave uses, Amplitude=1,
Bias=0, Frequency=5 rad/sec, Phase=0 radians and Sample time=0 sec. The Gain K1 has
the value 1000 in the workspace. The picture also shows the results in a Scope window for a
7 sec simulation. After the designer checks and accepts the result in the Scope, the scope
block can be replaced with a PPMAC_Traj block, as shown in the image below:
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i IR
Fie Edit View Display Diagram Simulation Analysis Code Tools DeltaTau Help = O ||a|~qu (} ||E| @ F§| » oy
RS gg@vvﬂwup OR A NOR
mymd| I
© |[¥&|mymd|
5]
EZ
—
= NP N |:||
Sine Wave Gain Scope
>
Ready [100% FixedStepDiscrety

The following image shows a model which has the same Sine Wave and Gain blocks but the
Scope has been replaced with a PPMAC_Traj block for which the trajectory name is set to
SinTraj and the Max Time set to 7 sec. The PPMAC_INPUT and PPMAC_OUT blocks can
also be used in trajectory generation models. In this example, a PPMAC_INPUT block with
memory location address

Mptr->ActPos and a PPMAC_OUT block with address pshm->P[1] are used. This way, the
signal that is input to the PPMAC_Traj block, the desired position, is subtracted from the
motor’s actual position and thus the following error is written to the global variable P1, as
shown below:

il
File Edit View Display Diagram Simulation Analysis Code Tools DeltaTau Help
i~ 8 Hakc Ad=RACNC R RCRIOR & FE (OB [---R4
mymdl I :
© |Pa|mymd v
- /
& d—/
— Sine Wave Gsin V
PPMAC_Trsj
[+
7 » U4
\ v
PPMAC_INPUT PPMAC_OUT
Mptr->ActPos pshm=>P[1]
»
Ready |100% FixedStepDiscrete /7

The PPMAC_Servo_RTN block cannot be used for trajectory generation models; it gives an
error when compiled with the PowerPMAC _Traj.tlc system target file. Since there is a
tunable parameter K1 in this model, click on DeltaTau =>Parameters =>Model Validation,
thereby attaching the parameter as a preload function to the model. Next, click DeltaTau

- Parameters =@>Parameter Assignment is clicked. Leave the parameters at default and click
“Create files.” The new model is named as “..._param_ppmac”. The three files named
“mymdl_param_update.txt”, “mymdl_param_initial.txt” and
“mymdl_MATLAB_definitions.pmh” are created and saved in the “mymd|_param_ppmac”
folder. Next, in the model named “mymd|_", which is automatically generated, select the
menu item Simulation =Model Configuration Parameters =Code Generation pane, choose
the system target file “PowerPMAC_Traj.tic”, and then save the model again. In the “Model
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Configuration” dialog box, in the “Code Generation” pane, press the “Generate code” button.
The code generation report will open automatically and the generated code will be saved in
a folder called “..._traj_ppmac” where “...” is the model'ss name (e.g. “mymdI__traj_ppmac”
with model name of “mymdI|_").

Next, create a project in the Power PMAC IDE and import the generated .c and .h files to the
project. In addition to those, the two .pmh files named “..._Traj MATLAB_Defs.pmh” and
“...MATLAB_definitions.pmh,” which can also be found in the “..._traj_ppmac” folder need to
be added to the Power PMAC IDE’s project in the Script Language =Global Includes
section. The following picture shows the files added to the project:

% Power PMAC Suite (Administrator) = Dli]

File Edit View Project Build Debug Tools DeltaTau Window Help

E-E-SHa| % BRE|9-C -8B b e - Any CPU - | & it0 | R
P R b A | S S2OPRERERR,
: { Terminal 34 Position [Z] Watch [§Status I Jog Ribbon | 4> Communication Setup _
Watch: Online[192.168.0,200:55H] « & X | Posi... ] olutio o olution 'Po 0
Command | Response \3
» 0 |Motor[2]lgC... |0 [ cPLCs -
1 |Motor{2lPos |0 x [ Indude
o7 — [ Libraries
£l MotordZ1Act. |0 = - . i (=~ [ Realtime Routines
3 |Motor2] Ppos |0 o ¥ Plex mamdl .o . €
o = ' mymdi_h
£l Motor2] Des...| 0 8 * Real-Time Workshop cod: ' mymdi_ private.h
5 |Motor{2]des... |0 5 * 6 mymdi__types.h
6 |Sys.ServoCo... | 82.996.000 6 * Model version K rtmodel.h
7 * Real-Time Workshop fil: ' rtw_continuous.h
7_|CamTable[0].. |0 * Real-Time Workshop fil: B rtw_solver.h
8 |CamTable[0]... |0 * TLC version B rtwtypes.h
9 |CamTable[0]... |0 10 * C/C++ source code gene © € usrcode.c
10 |#2 0.00000 M ) (vcocth
2 . i2 * Target selection: Powe (3 Configuration
11| motor{2] Co... |0 Ll 13 * Embedded hardware sele ¥ L3 Documentation
revd chars: 76, resp time: 1.709ms | | ¥ u Log
[z~ |7 PMAC Script Language
Terminal: Online[192.168,0.200:55H] w & X | Qutput v X - [ Global Indudes
u 2 |7 motorsettings1234.pmh
- . - i |7 mymdl__traj_matlab_defs.pmh fs
ziease ua:.Lt H::f.ie setc:l.ng up the compil & il mymd|_matlab_definitions.pmh
ease»uaxt W 1>e cnmpa::mgAthe project Gl Kinematic Routines
There is no project loaded in the Power = v
3. [ libraries
Properties + I X
mymdl_.c File Properties -
& Compile =
| | »
| (] Output [ 23 Error List ) Task List [ Find Results 1] | How the filerelates to the buld and deployment process

Ready

Before initiating the Build and Download, a virtual motor (e.g. Motor 0) could be configured to
run the user-servo algorithm named “Trajectories.” This motor needs to be activated
(Motor[0].ServoCtri=1) to run the “Trajectories” servo routine. To start running the trajectory
that was named SinTraj for Motor 3 for example, set SinTraj_flag(3)=1. The trajectory will
finish after 7 seconds and will automatically stop. The tunable parameter K1 can be tuned
dynamically by modifying “_K1” in the Power PMAC, through the Terminal Window or PLC,
for example. The following image shows Motor[3].DesPos and Motor[3].ActPos, the
desired and actual positions of motor 3, respectively, on the left axis of the plot and Sys.P[1]
on the right axis. Due to sufficient tuning, the plots of Motor[3].DesPos and
Motor[3].ActPos are almost completely overlapping. The value of P[1] is also zero
everywhere since the error is almost zero everywhere.
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Appendix

Application Notes

1. How to use EtherCAT slave naming — OEI Application Team- Mike Esposito

Scope

Using new naming feature in IDE 4.5 to implement Slave Names and use these for mapping
PDO variable names in your project.

Overview

Here demonstrate how to use ECAT Slave Names for your project.

By default, the IDE uses the Slave Address for creating the Slave name and then
using this for mapping variable names for that slave. This works fine and makes
each unique. However, if you modify the Slave position in the network by adding or
moving its location in the network, the Address changes, Name changes, Variable
names change. So now you must modify any code in the project using this Slave and
its mapping variables since the names have changed. It is possible to control the
Slave Address assigned, but using a real name is here suggested as a best practice.

Instead of using the Slave Address for its name and variable names we can now
create our own unique NAME.

Giving each slave in your ECAT network a unique slave NAME has these benefits:

1. Creates variable mapping names that are more readable and useful in the project
code.

2. If the same project later makes a change to the network (add/remove a slave) as
long as the slave names are kept the same then the mapping of variables does not
change. So, the project code using these names

also does NOT need to change, even though the slaves underlying ECAT registers
have changed.

- this isolates your project code from the ECAT registers being assigned
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Here using default Address Here using custom Names
Solution Explorer Sl 52 lution Explorer
@ o-F| s = A o-2p-=
Search Solution Explorer (Ctrl+ D o Search Solution Explorer (Ctri+;)
4 EtherCAT = 4 EtherCAT
4 @ Master0 (Deactivated) 4 e Master0 (Deactivated)
> @ Slave 1001 [NX-ECC203] (1001) > @ Panel-10 (1001)
> @ Slave 1002 [R88D-1SNO1L-ECT] (100: b @ Drive3 (1002)-#Motor3
> @ slave 1003 [R88D-1SNO1L-ECT] (100: ,
G > @ ODrive4 (1003)-#Motord
// Outputs .
#define Slave 1002 R88D_1SNO1L_ECT_1082 6048 @ Controlwor | - // Outputs
#define Slave_1002_R8SD_1SNO1L_ECT_1002_607A_0_Targetposi | |#define Drive3_ 6048 _© Controlword ECAT[@].I(
#define Slave_1002_R88D_1SNO1L_ECT_1002_6088_08_Touchprobe #define Drive3_607A_8_Targetposition ECAT[0]
#define Slave 1062 R88D_ISNG1L_ECT_1002 60FE_1 Physicalol | | yyegine prive3 6088 @ Touchprobefunction ECA
#define Drive3_6@FE_1_Physicaloutputs ECAT([¢

A. IDE Setup

To use this new feature, you must enable 2 properties within the project. Do this
before starting to setup the EtherCAT slaves.

1. Enable new PDO mapping using Names instead of Address.

Right-Click on the Solution Name (top of .
Solution Explorer = X
explorer tree) m" T
. . . O - e
- select Properties in the list (at bottom)
Search Solution Explorer (Ctrl+;) P~
[m] Trainer2Safe &
4 System gy Build
b CPU Rebuild
b Hardware Clean
“ EtherCAT
4 & Maste New Solution Explorer View
> @ ra Build and Download All Program
: = gr Map Power PMAC Variables
n
b Motors Export Project with IP Protection
Coordina Export Project Template...
b Encoder Compare Project
vi B8 Took Add EtherNet/IP
4 C Language
4 Configuratio| fddibieag
b Documentat Add Application
4 Log X Cut
4 PMAC Script
4 Global In! Unload Project
D) globa) ¢ Open Folder in File Explorer
O ecany & Properties
Solution Explorer Bl —— |
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Set the Property
"Use new PDO

mapping name
format' to [YES]

then select [OK]
button at bottom to
save this setting

General LU

Program Variables Setup - Power PMAC project general properties
Download C Source Files No
Download systemsetup.cfg File No
Ignore Errors No
Project Encryption Options Do Not
Project Password
Project Template Version 3
Projpp Timeout Period (msec) 300000
Use new PDO mapping name format §{Y]
Verbose Disable,

2. Remove Station Address from PDO Variable naming:

- this is done so we have only the slave NAME in PDO variables, no addresses

a. Right-Click on the Show Master Status
EtherCAT Master in AL " R vion
T Coordinate Syskel Scan EtherCAT Network
ree b
1 4 Tools
> C Language fore Sl
. > Configuration Import Slaves from ENI
select the Properties b Documenstion Export ENI File
3 Log
. . | Load Mapping to Power PMAC
item in menu . 8 b e o) -

D global definiti
D ECATMap.pm}
solution Explorer

Watch EtherCAT Mapped Variables
ctivate EtherCAT

it Topology

Eok Endpoint Configuration

Aotor Status | Coordinate Sta
Expqrt EtherCAT Configuration Tem)

Motor 1 s e Impdkt EtherCAT Configuration Tem
Description Status [ i Rconfons o
[T e € OPen
AmpFault False It Scope t\This
AmpWarn False It (=1 New Soluljon Explorer View
AuxFault False y
RINie Pluse n & Properties
b. In the Properties Properti M=
page Set the Master0 ctivated) File Properties v
HE AR
2 EtherCAT configuration template
"Remove statlon Template File to Apply
Template vision False
Address from PDO i S e =
use ctherCAl Co guration tempiate raise
H ", :
Variable": [True] & EtherCAT Motor Configuration.
Auto Configure. True
: Show EtherCAT Motor Configuration View True
close the page with X | | - g
. i isc
in top right corner
EtherCAT License Motors = 4
File Name Master0 (Deactivated)
Full Path C:\OO1_TRAINER\PmacProjects\Trainer2-Safe-041221
Remove Station Address from PDO Variable RT3 v
Stack Type Acontis

Remove Station Address from PDO Variable
Indicates whether to remove station address from PDO variable names.
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B. Example Usage

Here we show an example of using variable names instead of Address for ECAT
slave’s setup and PDO variable names.

1. IDE has been setup to use new Naming and Remove Address from names in
PDO variables as above.

2. Scan the ECAT network and get results like below:

¢ Notice the slaves are all named by default using the address based on where
they are in network

e Here we see Slave 1001, Module 1, 2, Slave 1002, Slave 1003

e Here is fine but has little meaning in our project

o Later if the network is changed these names may change as well

olution Explorer v 3 x|
@ o-F F =

Search Solution Explorer (Ctrl+ P~

] PowerPMAC2 -
- System
b cPU
b Hardware
B EtherCAT
4 (s Master0 (Deactivated)
4 [ slave 1001 [NX-ECC203] (1001)
B 001 Module 1 (NX-1D4442)
H 002 Module 2 (NX-0C2633)
B 003 Module 3 (NX-AD2603)
H 004 Module 4 (NX-DA2603)
B 005 Module 5 (NX-SL3300)
B 006 Module 6 (NX-SIH400)
B 007 Module 7 (NX-SOD400)
4 [ slave 1002 [R88D-1SNO1L-ECT] (100:
. 001 Module 1 (Safety Process Dat
4 [ slave 1003 [R88D-1SNO1L-ECT] (1003
001 Module 1 (Safety Process Dat
Motors

Coordinate Systems v

3. Select Each Slave, double-click to bring up Device Editor, Select the
General Tab

here in the Name field create and insert a custom name with meaning to your project

this is the name that will be used for PDO variable names later
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below we change the default name "Slave_1001 (NX-ECC203)" to PanellO

Slave_1001 [NX-

ECC203] (1001) + X EVERERY

Device Editor

’ General |Modules PDO Mapping H Variables H Advanced Options H Distributed Clock = Init C

4

CoE Object [4][*]

Solution Explorer
e O m '@-5 "_-

Search Solution Explorer (Ctrl+;)

] PowerPMAC2

Address
4 System
Station Address - 4
1001 |5 b CPU
Information b Hardware
Naiia PEraii0 - EtherCAT
ahe o 4 & Master0 (Deactivated)
Description NX-ECC203 EtherCAT coupler V1.6 - b . Slave_1001 [NX-ECC203] (1001)
Vendor Omron Corporation (0x00000083) 4 W slave 1002 [R88D-1SNO1L-ECT] (10

001 Madule 1 {Safaty Dracace D)

after you finish and click out of the field you will also see the name change in the

L

-C 1] (1003) Slave_TUUZ |[KBBD-T15SNUTL-ELI] (1002}

Mapping ” Vanables H Advanced Options ” Distributed Clock | Init Commands = CoE Object [«/[»]

Drive3-X

R88D-1SNO1L-ECT 10DWIQ0W ServoDrive

Omron Corporation (0x00000083)
0x000000AB (171)
0x00010002 (65538)

C:\ProgramData\DeltaTau\PowerPMAC IDE\4\EtherCATConfiguration\ESI
\Omron R88D-1SNO1L-ECT.xml

W Not Used

@ PanellO (1001) / Port B

Solution Explorer
O O =
Search Solution Explorer {Ctrl+;)

™1 PowerPMAC2

4 System
b CPU
b Hardware
. EtherCAT

4 e Master0 (Deactivated)

4 B panellO (1001)
B 001 inputs
H 002 Outputs
B oo3 Analoglnput
H 004 AnalogOutput
B 005 safetypLC

B 006 safelnputs

P !‘anveB-X(IOOZ)
> @ Drived-Y (1003)
Motors

Coordinate Systems
Fncoder

b

Tree

here we can see setup names for all slaves including the ones on the coupler

now instead of:

we have names:

Power PMAC IDE User Manual

Slave_1001, Module 1, 2,... Slave_1002, Slave_1003
PanellO, Inputs, Outputs,... Drive3-X, Drive4-Y
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4. Now finish setup and mapping as usual

e Load Mapping to Power PMAC

¢ Now open the mapping file "ECATMap.pmh" auto generated by IDE

¢ notice the PDO variables are all now using names instead of address:

e For example, the first Drive on the network had these PDO variable mappings by
default:
// Outputs
#define Slave 1002 R88D_1SN@1L_ECT_6049 © Controlword ECAT[®].I0[16].Data
#define Slave 1002 R88D_1SN@1L_ECT_6@7A_© _Targetposition ECAT[@].IO[17].Data

#define Slave_1002_R88D_1SNO1lL_ECT_60B8_0_Touchprobefunction ECAT[@].IO[18].Data
#define Slave_1002_R88D_1SNO1L_ECT_6OFE_1_Physicaloutputs ECAT[8].IO[19].Data

Now the same PDO variables have these mappings:

these are much more meaningful and terser, for better use in your project

/ Qutputs
#define Drive3 X 6040 _©_Controlword ECAT[0].I0[16].Data
#define Drive3_X 607A_0_Targetposition ECAT[©].IO[17].Data
#define Drive3_X_60B8_8O_ Touchprobefunction ECAT[@].I0[18].Data
#define Drive3 X _6OFE_1_Physicaloutputs ECAT[0].I0[19].Data

5. If later the ECAT Network is changed:

e be sure to use the same names for the same slaves

¢ if so then the mapping will go to different ECAT registers BUT the names will be
the same

¢ this will keep the project code that uses the variable names working as before the
change

2. Commission Safety PLC (NX-SL3300 or NX-SL3500) Plus 1S servo drive with
Power PMAC — OEI Application Team- Atanas Karaatanasov

Scope

How to commission Safety PLC (NX-SL3300 or NX-SL3500) with 1S servo drive under
control of PMAC. This App Note does not explain how to commission 1S Servo drive, it is
out of scope.
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The operator should have basic knowledge of Sysmac Studio and

PMAC-IDE.

Note
Note: The operator should have basic knowledge of Sysmac Studio and PMAC-
IDE. This note does not state that is complete.
Legal Note:

Limitation on Liability:

OMRON COMPANIES SHALL NOT BE LIABLE FOR SPECIAL, INDIRECT, INCIDENTAL,
OR CONSEQUENTIAL DAMAGES, LOSS OF PROFITS OR PRODUCTION OR
COMMERCIAL LOSS IN ANY WAY CONNECTED WITH THE PRODUCTS, WHETHER
SUCH CLAIM IS BASED IN CONTRACT, WARRANTY, NEGLIGENCE OR STRICT
LIABILITY.

Software / Hardware
PMAC-IDE ver: 4.5.x.x

Sysmac Studio ver: 1.45.x

ITEM

1

N O o b~ WwDN

NUMBER
CK3E-1310/ FW 2.6.0.0
NX-ECC203 / FW1.6
SL3300
SID800
SOD400
R88D-1SNO2L
R88D-1SNO2L

DESCRIPTION NOTES
PMAC
ECAT Coupler Unit Use at least with FW1.6
Safety PLC

Safety Input Unit
Safety Output Unit
1S Servo Drive / Motor
1S Servo Drive / Motor

Power PMAC IDE User Manual
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Terms and Definitions

Explanation and Definition

Term

EtherCAT Ethernet for Control Automation Technology

SLAVE Slaves are devices connected to EtherCAT. There are various types of slaves
such as servo drivers handling position data and I/O terminals handling the
bit signals.

PDO One type of EtherCAT communications in which Process Data Objects

(PDOs) are used to exchange information cyclically and in real time. This is

Communications s
also called “process data communications”.

(Communications using Process
Data Objects)

The association of objects used for PDO communications.

PDO Mapping
ESI file An ESlI file contains information unique to the EtherCAT slaves in XML
(EtherCAT Slave format.
Information file) You can load ESI files into the Power PMAC IDE, to easily allocate
slave process data and make other settings.

ENI file An ENI file contains the network configuration information related to

. . EtherCAT sl .
(EtherCAT Network information er slaves
file)
PMAC IDE This computer software is used to configure the PMAC Controller, create

user programs, and monitor the programs. PMAC is an acronym for
Programmable Multi-Axis Controller.
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1. SYSMAC Configuration

1.1. Create new project.

Note: Any Controller can be selected.

=3 Project Properties
Project name (CK3E_2DRIVES_1S_SAFETY

Author

Comment

e

L] .
B Select Device

Device NX701 v |- 1700 v

Create

1.2. Configure ECAT devices as per your hardware. Note: Verify the firmware of the coupler
(1.6 or 1.7) and select the proper one.

Multiview Explorer
o1 v |
Al Configurations and Setup 001

¥ 5B EtherCAT r NX-ECC203 Rev:1.6
> X ¢ E002

» (© Node2 : R88D-1SNO2L-ECT (E002) : | Ezg\gDJSNOZL-ECT Rev:1.2
» () Nod R88D-1SNO2L-ECT (E003) : R88D-1SNO2L-ECT Rev:1.2

1.3. Deploy NX safety cards in EtherCAT Configuration and Setup.

Note: Other option is to go online with the coupler and execute “Compare and Merge with
Actual configuration”.

Multiview Explorer

v

1.4. Enable STO for - Drive 1
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[Nx701 v |

L

A Configurations and Setup

ViR

»  Nocei

001) : Offline

» (© Node2 : R88D-1SNO2L-ECT (EOO

» © Node3
CPU/Expansion
/O Map

D-1SNO2L-ECT (E003) :
Rac|

Controller Setup

[5) Edit PDO Map Settings

PDO Map

Selectionlinput/Output!

Name

Output
Output
Output
Output
Output
Output

NX-ECC203 Rev:1.6
E002

R88D-1SNO2L-ECT Rev:1.2

Process Data Size : Input 264 [bit] / 304 [bit]

Output 240 [bit] / 256 [bit]
| Fl;

No option

1st receive PDO Mapping

258th receive PDO Mapping

259th receive PDO Mapping

260th receive PDO Mapping

261th receive PDO Mapping
2th receive PDO Mapping

No option

| [E7TH racewe PO MAppIng:

No option

1st transmit PDO Mapping
258th transmit PDO Mapping
250th transmit PDO Mapping
260th transmit PDO Mapping
261th transmit PDO Mapping

No option

No option

Editable

OxE700:02 16 [bi

Editable

512th transmit PDO Mapping

1.6. Select Safety controller

Power PMAC IDE User Manual

Item name Value
Device name
Model name R88D-1SNO2L-ECT
Product name R88D-1SNO2L-ECT 100V/200W ServoD...
Revision 12
PDO Communicatio... PDO Communications Cycle 1 (500 us)
Node Address
Enable/Disable Setti.. [Eiabled v

Serial Number 0x00000000

~ STO command

error acknowledge  error acknowledg

FSoE Master CRC 0  FSoE Master CRC_
FSoE Master Con...  FSoE Master Con.

{ Edit PDO Map Settings
bled (DC for synchronization) v |
abled

ing
Edit Setting Parameters

Edit Backup Parameter Settings

sriodically by the process data

Cancel Apply
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1.7. Select Safety input card and Drag-and-drop, desired safety feature:

~| Toolbox

<Search>

Nodel/Unit2

Lt

§5 Node1/Unit3 : NX-SOD400
§$ Node2 : R88D-1SNO2L-ECT
R88D-1SNO2L-ECT

lode1/Unit2 : NX-SID800 (N2 : Instance)
sioo [E-Stop
T0

¥, Task Settings
/O Map

8 Frogarming |

p sio1 |
p sio2
p sio3
sioa

Multiview Explorer
[“si3300 ~ |
A4 Coniigurations and Setup

¥ T3 Communications

¥ Input Device: Safety Switch

[a Emergency Stop Switch for Dual Channel Equivalent

U Safety-door Switch for Dual Channel Equivalent

n Safety-door Switch for Dual Channel Complementary

0-
Safety Limit Switch for Dual Channel Equivalent

H Safety Limit Switch for Dual Channel Complementary

door Switch for Single Channel

Input Device: Safety Switch
Input Device: Safety Sensor
Input Device: Specialty Device

EDM Feedback

Init3 2400
R88D-1SNO2L-ECI
§5 Node3 : R88D-1SNO2L-ECT

Node1/Unit2 : NX-SID800 (N2 : Instance(ll v

Input Device: Standard Input Device

$i00 [E-Stop
T0

» &) Standard

W, Task Settings
& 1/0Map
[ Programming.

Reset Switch with Test Pulse

@ e~ Si01 |RESET]
L m

Switch with Test Pulse

E EEI Res
@ Reset Switch without Test Pulse

¥ Input Device: Generic Device

u:: Mechanical Contact for Dual Channel

Multiview Explorer

[Ts3300 v Node1
NX-ECC203

A4 Configurations and Setup 001

/Unit2 : NX-SID800 |
Parameter

/Unit3

» & Standard
™, Task Settings
1/O Map

>

~ Toolbox
Input Device: Safety Switch
Input Device: Safety Sensor

Input Device: Specialty Device

EDM Feedback

Input Device: Standard Input Device

Node1/Unit3 : NX-SOD400 (N3 : Instance1)

CONTACTOR| S000 iy
106 <

&% Single Channel without Test Pulse

Input Device: Generic Device

Output Device: Relays with forcibly Guided C4

>
>
>
>
>
>
(2
v

Output Device: Generic Device

»> .

_‘ﬂ Dual Output with Test Pulse
=

I Dusi Output ithout Test Puise

SR Single Channel with Test Pulse

|
¥ % EtherCAT Nel
Master
NX

Safety Connec
Safety Input Terminal Status
NX-S0D400
¥ Stai
Safety Cennection Statu:

Nodel/Ur v

tion Status

Error Ack
v  ReaD-1
¥ Safety Inp
STO active

Safety Connec

¥ Safety Outputs

Power PMAC IDE User Manual

SAFEBOOL
SAFEBOOL

SAFEBOOL

N1_SLOT3 5000 Contactor[CONTACTOR o

[Crive 1_STO_active

Crive 510 —
[Drive Error Ack |

[Drive2_STO
[Drive2_Error_Ack
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1.11. Define Exposed Variables

To exchange status and control variables between Safety PLC and PMAC. The easiest way
is to use BOOL variables. Variables with other diminutions are also possible. Depend on
application goals.

Multiview Explorer

S13300 v ¥ Output (Output from Safety CPU Unit)
Name |
bd Configurations and Setup Safety_out_b0)
¥iacC unications Safety_out_b1
Safety_out_b2
Safety_out_b3

2800 (M2

SOD400 (N

¥ Input {Input to Safety CPU Unit)

Name |
Safety_in_b0

Safetyinbl | BOOL
Safety_in_b2 ]' BOOL
Safety_in b3 [ BOOL

1.12. Developing the safety ProgramO.

Drag-and-drop the SF_EmergencyStop function and configure all 10

Multiview Explorer o CAT aramef e e | ¥ Toolbox o
T ‘ N T -

SF_EmergencyStop_0
¥ Safety Function blocks

A4 Configurations and Setup SF_EmergencyStop v
N1_SLOT2_$101 Reset TRUE —|Activate Ready N1_SLOT3_S000_Conzaemy

¥ 1.# Communications SF_Antivalent

> 2 Safety Safety in b0 — N1 _SLOT2 §i00_E_Stop —|S_EStopIn §_EStopOut e 1 sl SFEDM
¥ &) Standard _out. ) :
¥ o Slave /O S StartReset Error

SF_EnableSwitch
S_RAutoReset DiagCode
SF_Equivalent

Reset.

SF_ESPE

 Froormns ]

v @ POUs 72|~ SF_GuardLocking

O — | “lrel— SF_GuardMonitoring

[ f2|— SF_ModeSelector
L& Function Blocks

¥ ™ Data

SF_MutingPar

(1) using Safety_in_b0, from the PMAC, will reset the SF_EmergencyStop block, same as
reset button.

1.13. Add 400mS delay.

If safety command is triggered in mid motion — the motion controller can stop the motor
controllable and then execute STO.
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<Search> A

SF_EmergencyStop 0 P Safety Function blocks

SF_EmergencyStop ¥ Safety Standard FBs
H1_SLOT2_Si0l_Reset TRUE Activate Ready N1_SLOT3_So0i

SF.CTD

Safety_in_ bl N1_SLOT2_5100_E_Stop —5_EStopln 5_EStopOut L safety out b FCTU
SF_CTUD

S_StartBeset Error

SF_F_TRIG

5_RAutoReset DiagCode SF R TRIG

SF_RS

Reset

SF_SR
SF_TOF

55 1o 0 SF_TON

SF_TOF Fa|— SFTP

N1_5L0T3_So00_Contactor N 5T0_delay
| P Boolean Operators
SRl — BT ED P _Math Operators

[Safety Standard FBs]
Off-Delay Timer

Outputs FALSE when the set
time elapses after the timer
starts.

Output

1.14. Internal variable:

Data Type | Initizl Value | Constant |

BB SF EmergencyStop_ 0 SF_EmergencyStop

SF_TOF_O SF_TOF

SF_EDM_Drivel SF_EDM

EDM_Drivel_Emr BOOL

EDM_Drivel_Diag WORD

STO_delay SAFEBOOL

SF_EDM _Drive2 SF_EDM

EDM_Drive2_Err BOOL

EDM_Drive2_Diag WORD

(o o o

1.15. Right click to assign S_EStopOut signal - Insert Assignment

encyStop_0

FgencyStop
Ready [

S_EStopOut

Error—

DiagCode

Insert Jump

Insert Return

1.16. Right click and - Insert Network Below
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ELEl) Sk EmergencyStop_0 SF_EmergencyStop

Jump Label

Insert Jump

| Data

TRUE

I Programd X

| Constant | Con

Type | Initial Value

SE_EmergencyStop_0

SE_EmergencyStop

Activate Ready —
5 _EStopIn 5_EStopOut

S StartReset Error [
S AutcReset DiagCode —

Reset

1.17. Define EDM for STO @Drive1

N1_SLOT2_Si01 Reset

Safety_in b0

Drivel _STO_active

N1_SIOT2 Si01 Reset

Safety_in_b0 —

and @D

rive2

TRUE ~ {Activate Ready

STO_delay — S_OutControl S_EDM_Out

Drivel STO_active — S_EDM1 Error
S_EDM2 DiagCode

©$100ms ‘Hﬂnxtaxi_nnge

TRUE — S_StartReset

“Reset

SF_EDM Drive2

TRUE —(Activate Ready

S_OutControl

S_EDM1

S_EDM2

STO_delay S_EDM_Out

Drive2 STO_active Error
Drive2 STO_active DiagCode
©$100ms ‘Hﬂnitcriﬂgi‘iﬂe
TRUE ~ S_StartReset

Reset

{~EDM Drivel Err

[~EDM Drivel Diag

[~EDM Drive2 Err

[~EDM Drivez Diag

Drivel STO

— Safety_out_bl

Drive2 STO

—Safety_out b2

>
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v 5
¥ Safety Function blocks

f4/— SF_Antivalent

SF_EmergencyStop
SF_EnableSwitch
SF_Equivalent
SF_ESPE
SF_GuardLocking
SF_GuardMonitoring
SF_ModeSelector
SF_MutingPar
SF_MutingPar_2Sensor
SF_MutingSeq
SF_OutControl
SF_SafetyRequest
SF_TestableSafetySensc
SF_TwoHandControiTy|

7|~ SF_TwoHandControlTy|
¥ Safety Standard FBs
£ cTn

i sF eom
[Safety Function blocks]

()

]
N

e

button.

1.18. Apply additional logic if needed

-This logic will acknowledge/reset safety faults in drives.

RESET Drivel and Drivel

N1 _SLOT2 5i01 Resec

N1_SLOT2_Si01_Reset

=1

Drivel Errer Rck

I

Drive2 Error Rck

Power PMAC IDE User Manual

External device monitoring — The
FB controls a safety output and

monitars controlled achiatars

Note: using Safety_in_b0, from the PMAC, will reset the SF_EDM block same as reset
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2. Download SYSMAC project to ECC203 and sI3300
2.1. Online with ECC203

Through USB port. Right click on ECC203 to clear all memory

Multy Hedel : NX ECC202 (E00T] X

NX70T v

Model name

Froduct name

Uril wersion

MY, Unit Humber

MX Unit Mounting Sctting i analog 0

EYLVELTN | r——
ki

[T Clear All Msmay for Caunler

Clear Al Memary

ize ¢ ares i the connacted Contrallar. J

firm the orce fo be initialized and cli < Dutk

T o s A munications with municatiors mzste X
Device narw
Modsk
Ares: <

il uperation s=llings (C i HX U
h 1

USBTypeA  USBTypeB

—._[‘

Cloar the event Inge

Execute Cancel

Multiview Ex;

&ﬁﬂl v

Offline

Transfer

Compare

A Programming

2.3. Confirm the following:

Transfer to Coupler *

Select the data to transfer and click the Transfer Button.

P Configuration information + Unit operation settings + Unit application data

P Configuration information only

2.4. Confirm with OK
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Transfer to Coupler

To download the safety application, select the Safety CPU Unit from the device list, change the mode to debug and then
execute safety validation.

2.5. The final step

Download the Safety program in the SL3300. Go to SL3300 from the explorer while still
online.

Multiview Explorer

_ 513300 v |

Ll Configurations and Setup
> T

&, Task Settings
& /O Map
Ll Programming
¥ il POUs

2.6. Stop Safety PLC following with few confirmations:

2.7. Select DEBUG Mode, following with few confirmations

2.9. Bring the Safety PLC in RUN mode
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~ With this STEP, safety configuration in the SL3300 is complete.

3. Export sysmac pdo configuration
3.1. Sysmac PDO configuration need to be migrate to the PMAC-IDE.

To do that the first step is to extract PDO configuration for the coupler from Sysmac Studio.
Right click on the Master and Export All Couplers 1/O Allocations

(!

-

To execute that command ECC203 need to be in offline mode. (not seeing the orange

N\

A

“online” bar on top of Sysmac)

[-5] CK3E_2DRIVES_15_SAFETY - NX701 - Sysmac $tudie (32bit)

d

Multiview Explorer

Expand All
Collapse All

‘Calculate Transmission Delay Time of the Master

Import Slave Settings and Insert New Slave

v
¥ @ Pous
v ms Clear All Settings

Display ESI Library
Export Configuration Infarmation
‘Output to ENS File

J ot Al ool W Bl )

Ascign Drives to Axes
Safaty Related PDOs Batch Satting

3.2. Save the ZIP file in desire directory.

Extract the archive. Example: Coupler_20210406_105541.zip
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Name

| CouplerCopylnfo.xml

CouplerEsi_E001_NXIO.xml
| CouplerMemoryMap.xml
| SlaveMemoryMap.xml

3.3. Open CouplerMemoryMap.xml

File with Internet Explorer (IE11), and not with Google Chrome - just to visualize the
telegrams. This page shows the important PDOs related with Safety.

Content should look like this:
yellow — safety
blue — Non-safety — Status\Control communication with PMAC

red — PDO section Input Data set 1,2 and Output Data set 1,2

3. PMAC IDE FSoE Setup
For FSoE setup in the PMAC IDE, Follow the following steps:

Create a new Power PMAC with EtherCAT (Accontis) project
2. Configure the EtherCAT network
Select Master Shift for CK3E. Select Bus Shift for CK3M with Gate3
Safety program with PMAC was tested up to 2kHz with Dual Core ARM. With Quad
Core is possible to run at 4kHz

3. Import PDOs Details:
c:> Right click on the Master0 node and select “Import PDO From Sysmac file”.
Select the “SlaveMemoryMap.xml” Sysmac file.
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4 ) EtherCAT ||

Masterd Scan EtherCAT Network
4 [ Slave_1001 [NX-ECC203] (1001

B 001 Module 1 (NX-SL3500)|

Load Mapping to Power PMAC

B 002 Module 2 (NX-SID800) Activate EtherCAT
B 003 Module 3 (NX-SOD400| Reset EtherCAT
4 f Slave_1002 [R88D-1SANO2H-Ef Append Slave
. 001 Module 1 (FSoE-Advar| e
4 [} Slave_1003 [R88D-1SANO2H-E( e e
|| 001 Module 1 (FSoE-Advar Edit Topology
4 [I Slave_1004 [R88D-1SANO2H-Ef Expand All
. 001 Module 1 (FSoE-Advar| Collapse All

4 [} Slave_1005 [R88D-1SANO2H-E(

U 001Module T (FSoE-Adva -0 Master Status

Motors Watch EtherCAT Mapped Variables
3 Coordinate Systems Network Mismatch Analyzer
4 Encoder Line Crossed Analyzer
: Zofls Configuration Mode
anguage ) )
b ¥ Configuration DiagnosisMode & CouplerCopylnfoxml
b Documentation EoE Endpoint Configuration .
P .
b L = CouplerEsi_E00T.3cml
g . I Import PDO from Sysmac file I Q P -
b PMAC Script Language e
Import SRA Parameter from Sysmac file 2 CouplerMemoryMap.xml
Import Slaves from ENI ‘@ S|EUEMEH’10I’FMEP.XH’1| I
Load Mapping to Power PMAC from ENI =y -
Export ENI File (= SraParameterListxml

c:> Al PDO details will be updated. The imported Input / Output PDOs will be
checked and the rest of the PDOs will be unchecked.

Sove o0z - TGz o7 Y

Device Editor
| General " Modulac| PDO Mapping |Va:iablac " Advanced Options " Distributed Clock " Init Commands " CoE Object-Dictionary " Sync Units |

PDO FMMU/SM

Inputs Qutputs
1st transmit PDO Mapping (excluded by Ox1B02) Ox1A00 1st receive PDO Mapping (excluded by Ox1704) Ox1600
258th transmit PDO Mapping (excluded by Ox1B02) Ox1B01 258th receive PDO Mapping (excluded by Ox1704) ox1701
259th transmit PDO Mapping Ox1B02 259th receive PDO Mapping (excluded by Ox1704) 1702
260th transmit PDO Mapping (excluded by Ox1B02) Ox1B03 260th receive PDO Mapping (excluded by Ox1704) 1703
261th transmit PDO Mapping (excluded by Ox1B02) Ox1B04 261th receive PDO Mapping 01704
28%th transmit PDO Mapping Ox1B20 262th receive PDO Mapping (excluded by Ox1704) 0x1705
512th transmit PDO Mapping Ox1BFF Module 1 [FSoE-Advanced).17th receive PDO Mapping x1610
Module 1 [FSoE-Advanced).17th transmit PDO Mapping Ox1A10

4. Import SRA Parameters:
¢:> Right click on the Master0 node and select “Import SRA Parameter from Sysmac

file. Select the “SraParameterList.xml” file
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4 EtherCAT

Slave_1001 [NX-ECC203] (1001
B 001 Module 1 (NX-SL3500)
B 002 Module 2 (NX-5ID800)|
B 003 Module 3 (NX-50D400)
4 [} Slave_1002 [R88D-1SANO2H-E
. 001 Module 1 (FSoE-Advar
4 [} Slave_1003 [R88D-1SANO2H-E
./ 001 Module 1 (FSoE-Advar
4 [} Slave_1004 [R88D-1SANO2H-E
. 001 Module 1 (FSoE-Advar
4 [} Slave_1005 [R88D-1SANO2H-E
./ 001 Module 1 (FSoE-Advar
Motors
b Coordinate Systems
14 Encoder
b Tools
14 CLanguage
b Configuration
b Documentation
b Log
4 PMAC Script Language

Scan EtherCAT Network
Load Mapping to Power PMAC
Activate EtherCAT
Reset EtherCAT
Append Slave
Paste Slave
Edit Topology
Expand All
Collapse All
Show Master Status
Watch EtherCAT Mapped Variables
Network Mismatch Analyzer
Line Crossed Analyzer
v Configuration Mode
Diagnosis Mode
EoE Endpoint Configuration

Import PDO from Sysmac file

Ilmport SRA Parameter from Sysmac file I

Import Slaves from ENI
Load Mapping to Power PMAC from ENI
Export ENI File

@ CouplerCopyinfo.xml
@ CouplerEsi_E0D1 xml

@ CouplerMemoryMap.xml
& SlaveMemoryMap.xml
@ SraParameterListxml

c¢:> All SRA parameters details will be updated with the comment “Import from

Sysmac file”

Device Editor

| General " Maodules ” PDO Mapping ” Variables ” Advanced Options " Distributed Clock | Init Commands | CoE Object-Dictionary " Syne Units |

Init Commands

Transition Protocol | Index

Pre-Op->5afe-Op  CoE Ox1C12:000
Pre-Op-»>Safe-Op | CoE Ox1C13:000
Pre-Op-»5Safe-Op | CoE Ox1A00:000
Pre-Op-»5afe-Op  CoE Ox1A10:000
Pre-Op-»Safe-Op | CoE Ox1600:000
Pre-Op-=5afe-Op | CoE Ox1610:000
Pre-Op-»5afe-Op  CoE Ox1C12:000
Pre-Op->Safe-Op | CoE 0x1C13:000
Pre-Op-=5afe-Op | CoE One6060:000
Pre-Op-»5afe-Op  CoE 2002:002
Pre-Op->Safe-Op | CoE OwedF20:001
Pre-Op->5afe-Op | CoE 0x6651:001
Pre-Op-=5afe-Op | CoE Ox6691:001
Pre-Op->5Safe-Op | CoE Ox6691:002
Pre-Op->5afe-Op | CoE 6691:003
Pre-Op-»>Safe-Op | CoE Ox6693:001
Pre-Op-»5Safe-Op | CoE x6693:002
Pre-Op-=5afe-Op  CoE 0x6693:003
Pre-Op-»Safe-Op | CoE Ox6693:004

Value

0

0

07 00 1000 41 60 20 00 &4 60 10 00 B3 60 20 00 BA 60 20 00 BC 60 10 00 3F 60 20 00 FD 60

Comment
clear sm pdos [0x1C12)
clear sm pdos [0x1C13)

download pdo 0x1A00 entries

130008 01 00 E6 01 00 40 66 01 00 00 00 01 00 00 00 01 01 68 66 01 00 00 00 01 00 DO 66 011 download pdo Ox1A10 entries

03 001000 40 60 20 00 TA 60 10 00 B2 &0

download pdo Ox1600 entries

130008 01 00 E7 01 00 40 66 01 01 50 66 01 01 70 66 01 01 68 66 01 00 00 00 01 00 DO 66 011 download pdo Ox1610 entries

020004171016

040002 1B201BFF1B10 1A

8

1

download pdo Ox1C12 index

download pdo 0x1C13 index

Import from Sysmac file
Import from Sysmac file
Import from Sysmac file
Import from Sysmac file
Import from Sysmac file
Import from Sysmac file
Import from Sysmac file
Import from Sysmac file

Import from Sysmac file

Access

RO

RO

RO

RO

RO

RO

RO

RO

RW

RW

RW

RW

RW

RW

RW

RW

RW

RW

RW
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5. Import Sysmac Safety mapping file:
c:> Select the OMRON Safety Module (NX-SL3300/NX-SL3500/NX-5500/NX-

SL5700). Select the “CouplerMemoryMap.xml” Sysmac file

4 ) EtherCAT
4§ Masted

4[] Slave 1001 [NX-ECC203) (1001)
I - Import Sysmac Studio Safety mapping il @ CouplerCopylnfoxml
1003 Modue 3 (NX-S0040] Append Module @ CouplerEsi_E001 .l

4 ) S 02 [ReED-15ANDRHE(  DeleteModule I@ CouplertemoryMap.cml I
. (0T Module T (FSof-Advan @ (pen & SlaveMemoryMap.xml

| Slav;o:::iﬁf?(l::“):::: SopelTi (& SraParameterListxml

4[] Slave 1004 [RB8D-1SANO2H-E( B New Solton xplorer View
001 Module 1 (FSo-Advan o Properties Alt+Enter

4[] Slave_1005 [R88D-1SANO2H-ECTy Trowsy 1
001 Module 1 (FSoE-Advanced)

c:> Safety memory map viewer will be open. Click the Accept button

Safety memory map viewer X
Name Index DataType Offset Size
(A) TPDO (] Select Al Convert BOOL-USINT
() Slot 1(NX-5L3500)Input Data Set 1
T
Nodel/Unit3 #x6000:2 ARRAY [0..5] OF BYTE 2 6
Node10 #6000:3 ARRAY [0..6] OF BYTE 31 7
Nodel1 #x6000:4 ARRAY [0..6] OF BYTE 38 7
Node20 #6000:5 ARRAY [0.6] OFBYTE 45 7
Node21 #x6000:6 ARRAY [0..6] OF BYTE 52 7
Padding #x6000:7 ARRAY [0..0] OF BYTE 59 1
() Slot1(NX-SL3500)Input Data Set 2
Safety CPU Status #x6004:1 UINT 60 2
(A RPDO [V Select Al Convert BOOL-USINT
() Slot1(NX-5L3500)Output Data Set 1
Nodel/Unit2 #7000:1 ARRAY [0..6] OF BYTE 0 7
Node1/Unit3 #7000:2 ARRAY [0..5] OF BYTE 7 6
Node10 #7000:3 ARRAY [0..6] OF BYTE 13 7
Nodel1 #7000:4 ARRAY [0..6] OF BYTE P 7
Node20 #7000:5 ARRAY [0..6] OF BYTE 7 7
Node21 #7000:6 ARRAY [0..6] OF BYTE u 7
Padding #7000:7 ARRAY [0.0] OFBYTE 41 1
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Appendix

Safety PLC Variables

[URRTIS IS VA EE)REIPY Slave 1002 [RE8D-1SANO2H-ECT] (1002)
Bl Device Editor

MDP Slot Propeties | Variables

Variables

Name

Datatype

Slave_1001 [NX-ECC203], Module 1 (NX-SL3500}.Input Data Set 1.E001.5lot1.Node1/Unit2
Slave_1001 [NX-ECC203].Module 1 (NX-SL3500).Input Data Set 1.E001.Slot1.Node1/Unit3
Slave_1001 [NX-ECC203].Module T (NX-SL3500).Input Data Set 1.E001.Slot1.Node10
Slave_1001 [NX-ECC203].Module 1 (NX-SL3500).Input Data Set 1.E001.Slot1.Node11
Slave_1001 [NX-ECC203].Module T (NX-SL3500).Input Data Set 1.E001.Slot1.Node20
Slave_1001 [NX-ECC203].Module 1 (NX-SL3500).Input Data Set 1.E001.Slot1.Node21
Slave_1001 [NX-ECC203].Module 1 (NX-SL3500).Input Data Set 1.E001.Slot1.Padding
Slave_1001 [NX-ECC203].Module 1 (NX-SL3500).Input Data Set 2.E001.Slot1.Safety CPU Status
Slave_1001 [NX-ECC203].Module T (NX-SL3500).Output Data Set 1,E001.Slot1.Node1/Unit2

Slave_1001 [NX-ECC203].Module 1 (NX-SL3500).Output Data Set 1.E001.Slot1.Node1/Unit3

ARRAY [0.6] OF BYTE
ARRAY [0.5] OF BYTE
ARRAY [0.6] OF BYTE
ARRAY [0.6] OF BYTE
ARRAY [0.6] OF BYTE
ARRAY [0.6] OF BYTE
ARRAY [0.0] OF BYTE
UINT

ARRAY [0.6] OF BYTE

Master Sync Unit ' Offset ~ |Size |
| 1d 0: Default 0 IN: 180 |7.0

1d 0: Default 0 IN:
1d 0: Default 0 IN: 310 7.0
1d 0: Default 0 IN: 380 7.0
1d 0: Default 0 IN:
1d 0: Default 0 IN: 520 7.0
1d 0: Default 0 IN: 590 1.0

1d 0: Default 0 IN: 600 |20

Slave_1001 [NX-ECC203].Module T (NX-SL3500).Output Data Set 1,E001.Slot1.Node10
Slave_1001 [NX-ECC203].Module 1 (NX-SL3500).Output Data Set 1.E001.Slot1.Node11
Slave_1001 [NX-ECC203].Module T (NX-SL3500).Output Data Set 1,E001.Slot1.Node20
Slave_1001 [NX-ECC203].Module 1 (NX-SL3500).Output Data Set 1.E001.Slot1.Node21

Slave_1001 [NX-ECC203].Module T (NX-SL3500).Output Data Set 1.E001.Slot1.Padding

ARRAY[0.5] OF BYTE
ARRAY [0.6] OF BYTE
ARRAY[0.6] OF BYTE
ARRAY [0.6] OF BYTE
ARRAY [0.6] OF BYTE

ARRAY [0..0] OF BYTE

1d0: Defaut0  OUT: 00 7.0
1d0: Defaut0  OUT: 7.0 60
1d 0: Default 0 out: 130 70
|d0: Defaut0 | OUT: 200 7.0
Id0:Default0  OUT:  27.0 7.0
Id0: Default0  OUT: 340 7.0
1d 0: Default 0 out: 410 10

PDO Mappings:

6arnt DO Mgy sy 1D
1500 v 0 U e
@ s vto sy
50 om0 sy i
0 a0 gt Y
@ 2 om0 ey

0wy
7 Mot i et s 00 Mg

T T———

Fikam00 agsns '
M mmre e '
) #
N e
- b 8 Clrguge
) 8 Corbpaten
pr— o T stmomunrs W0 5.8 Wit
amen T momueme 060N )
(L —
Opue et n p— s
Dot etes emnt 510 ensns st
P susmy -
- P 25 s
pee— ooy
pr— o oomse
o s
Sty a2 e it etneen ews "
et 1 e+ 4 e oo

§o o
§ ket estan
1 8 b} 080
S S T
1 e P A

e0n

Slave to Slave
Connections:

0580t 300 Mg (128 B

> St 100) RO- 1SAPOAECT]
> S, 04 (R0 SAMIIECT)

5 1 Shve 005 [RAD- 1SANIHECT]

Connections

Sove_ 1001 LECCH Modte 1 0L SLIS gt DSt

Sove 1001 D060

Medub 1 D0LSLSO ingut Dot et L 01 e Moo

€T Mout | Pt Advancc. 1 it KOO Masin

Sime 1001 1rs

o I St 01 N

» Mo 1 DOLSLISC| utpet Dt ot 136 80]

o S R (R0 TN ECT)
[ E s —
P E s —
b1 St 05 [RI0-TANIECT)

10| 4 | S 1300 POCECCAE Mol 1 SIS Cutps Do et 2

A0 3 SO0 Ot Dot S |

CTiMeade | F5c Aoanced

CTiMaate 1506
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6. Right click on the Master0 node and select “Load Mapping to Power PMAC”
7. Click Save and Reset button from toolbar menu
8. Right click on Master0 node and select “Activate EtherCAT”
9. When RESET button is pressed, the CONTACTOR should enable, and drives
should:
Remove STO (“St” on LED display) Go to normal operation (“—* on LED

display)

10. If status bits - diagnostic data, is needed in the PMAC you can find the variables in
ECATMap.pmh

Power PMAC IDE User Manual 495



Appendix

0 (Deactivated) | Solution Explorer
N

18 ) v ssfety X -2~ x= Blo-a|s=
11 F1// Slave_1@@1 [NX-ECC203] Station Address-10@1 - e v

12 | #define Slave_1081_NX_ECC283_1081_Index @ . ha B & Current Document - S o)
13 I 003 Module 3
12 BI// Inputs 4 i Slave 1002 [Re4D
15 |#define Slave 1001 NX ECC2@3 1001 3003 3 NXUnitRegistrationftatus63 (x) ECAT[@].IOBuff_| . wm;d;{:,;
16 |#define Slave_1081_NX_ECC2@3_10@1_3@06_3_NXUnitTODataActiveStatus63 (x) ECAT[@].IOBuff <0 o Moiule .

17 #define Slave_1001_NX_ECC2@3_10@1_2082_1_SysmacErrorStatus ECAT[8].I0[4098].Data
18 | #define Slave 1001 NX_ECC283_10@1 6804 1 SlotlPadding ECAT[@].I0[4899].Data Coordinate Systems
19 #define Slave 1801 _NX_FCC2@3_1001 605 1 Slot1SafatycPUStatus ECAT[@].10[416@].Data b M Encoder

Motors

20 #define Slave 1001 NX_ECC283_1001 6806 _1 SlotlSafety out b8 ECAT[@].10[4101].Data b B Teoks

21 #define Slave 1081 NX_ECC203 1001 6807 1 SlotlSafety out bl ECAT[@].10[4102].Data b Clanguage

22 #define Slave 1081 NX_ECC203_1001 6@08 1 SlotlSafety out b2 ECAT[@].I0[4103].Data b Configuration

23 #define Slave 1001 NX_ECC283_1001 6809 _1 SlotiSafety out_b3 ECAT[@].10[4104].Data B 171 Documentation

24 #define Slave 1081 NX_ECC283_1001 6@22_1 StandardInputlstord ECAT[@].10[4185].Data b i Log

25 #define Slave 1881 _NX_ECC283_10@1 6822 2 StandardInput2ndByte ECAT[@].I0[4186].Data 4 @J PMAC Script Language
I 2% #define Slave 1801 _NX_FCC2@3_1001_6@42_1 StandardInputistByte ECAT[®].10[4167].Data 4wl Global Includes

27 | #define Slave 1001 NX_ECC203_1091 6842 2 StandardInput2ndByte ECAT[@].I0[4188].Data D _glohal definitions.pr

28 DECATMap pmb

Kinematic Routines

29 F1/f Qutputs 3 Libraries

30 #define Slave 1001 NX_ECC283_1001 7004 1 SlotlPadding ECAT[0].IO[@].Data b 1 Metion Programs

31 #define Slave 1081 NX_ECC203_1001 7@05_1 SlotlSafety in bo ECAT[@].IO[1].Data b PLC Pragram

32 #define Slave 1001 NX_ECC2@3_10@1 7@@e_1 SlotlSafety in bl ECAT[@].I0[2].Data
33 #define Slave 1801 NX_ECC203 1001 7807 1 SlotlSafety in b2 ECAT[8].I0[3].Data
34 #define Slave 1081 NX_ECC2@3_1091 7@03 1 SlotlSafety in b3 ECAT[@].I0[4].Data
35 #define Slave 1001 NX_ECC2@3_ 1001 7@22_1 StandardOutputlstWord ECAT[@].IO0[5].Data
36 #define Slave 1001 NX ECC203 1001 7022 2 StandardOutput2ndByte ECAT[@].I0[&].Data
37 #define Slave 1001 NX_ECC2@3_10@1 7@42_ 1 StandardOutputlstByte ECAT[@].I0[7].Data
38 #define Slave 1801 NX_ECC2@3 1081 7@42 2 StandardOutputZndByte ECAT[@].I0[8].Data Command/Query Respons

o} Comi " Anadn

Upgrading project from IDEV3.x to IDEV4.x

Use Case 1

This case assumes that the project in IDE3.x is created with the complete Power PMAC
setting stored as .cfg file in the Project configuration folder. For example, let us call this file
‘MyGoodConfigFile.cfg.’

This file includes the following:

e Motor structure element

e Coordinate system structure element
e Gate structure element

e Custom initialize element

1. Open IDE4.x and select Open project.

2. Choose the project that is created using V3.x IDE.

3. On opening the project, a message will be displayed that the project is a ‘One-way
upgrade’ process. A success message will display that the project has been upgraded
successfully.

4. On successful downloading of the V3.x project, download the ‘MyGoodConfigFile.cfg’
from configuration folder. Once this is complete the device is now ready.
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As explained earlier V4.x will add System, Hardware, Motor, Coordinate and EtherCAT
nodes to the V3.x project. Other than the hardware node, most of the nodes are empty as
this is an upgrade project from v3.x.

A‘ IDE V4.0.x will always download the SystemSetup.cfg file on Build and
- Download. The Automatic management property ‘Download
Systemsetup.cfg file’ is set to Yes by default.

Note

‘ IDE V4.1.x will automatically set the Automatic management property
w ‘Download Systemsetup.cfg file’ to No. Automatic management of this

file is OFF and user will need to set the Project property to Yes

Note

This process is the recommended way of upgrading the V3.x project to V4.0 and above.

Use Case 2

This case assumes that the user is not using conventional recommended way of creating
Power PMAC settings, saved in a .cfg file, as explained in the Use Case 1 but instead the
settings are in the .pmh and .cfg files.

The .cfg file is created using Create Config file option from Configuration node.

1. Open IDE 4.1.x and select Open project.

2. Choose the project that is created using V3.x IDE.

3. On opening the project, a message will be displayed that the project is a ‘One-way
upgrade’ process. A success message will display that the project has been upgraded
successfully.

It is recommended that with this style of project the User should make sure the ‘Download
Systemsetup.cfg file’ property is set to No. Note: - This property is set to No if IDE V4.1.x is
used.

In case of IDE V4.0.x, it is recommended that after Build and Download the Power PMAC
settings are download again. It is also recommended to create a configuration file as detailed
in Use Case 1.

How to Tune 1S and G5 drive using Advance Tune tool

This section describes Tuning 1S and G5 using the Advance Tune tool option from the IDE
when used in Cyclic Synchronous Torque mode (CST) or Cyclic Synchronous Velocity mode
(CSV) mode.
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A prerequisite is that the EtherCAT network is configured in either CST or CSV mode and
Motor is setup correctly for EtherCAT.

Due to the transport delays over the network, the servo update frequency for the drive has to

be set up to at least 2 kHz, preferably 4 KHz. The User can set this as described in Step 1 of
EtherCAT setup.

It is good practice to check the open loop response to verify whether the drive is properly set
before starting the Auto Tune move.

@ Tune : Onkne{10.150168.130.55H) [P

Enotie Closed Loop.

Enabis Open Loop

Motcr Ty Berva Argorne

W | vt Dabug | Eron [ Waming

— = -

Enable open loop first, this step is necessary if the drive is not activated and perform an
open loop test.

The response should look like the graph below. i.e. a linear relationship between the torque
command and motor acceleration

If the open loop response does not show this linear relationship check the Maximum profile
velocity, positive and negative torque limits for the drive.

Go to Advance auto-tune tab under Position Loop Auto-tune, set the excitation magnitude to
10% and excitation time to 100, similar to the open loop step test values. Set the maximum
travel to 1 or 2 motor revolution in motor units and set the minimum travel 1/10 motor
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revolution in motor units. e.g. for a motor with 23-bit encoder Maximum travel is 23 =
8388608.

Check the positive or negative move option. A bandwidth between 5 to 25 Hz can be
selected and varying damping ratios or integral action.

Before performing an auto-tune move, verify the drive is active. Issue a #1outO command
from the terminal or press enable open loop button.

~ = ~=
@ Tune: Oriine(10150.168.13055H) = = ® — gy el (=)
e e
Specity Amoifer Type Specty Aud tune Dxotetion Setings.
Angiber Type OvectPw 5 > w0 A %
Speciy Dosred Pariormance PN o =
f—— 5 F owe
: Ma Travel oo -
Dungeng Rato 07
N Tt 10000 o Conmstancy of suk>-tureng dependh o
son Hard o
wegAion v Akotuma Move Oions
7] Powave Mo Oy Recaton No
7 Veioory FF Negatve Move Orty J 5
¥ Accalersion 1T 71 Mo Jog Back
Opsns
prrr—T—
Ao Sesect Samghe Parot
Enodke Closed Loop Auto Setect Low Pass Filtes
I
Enatin Open Loop
fommntenon s Mo Seatn Motor Type Sarvo Aigorenm Ponton Lo fiter s Tropectory Protier ok
b Oupa | Dot | Evee | Wameg
[Esiraned ot g~ TGAGATIRTITTY Evevated v corio =0 AT TTETPN
35031201 1850108 192018 302087

After the autotune move is completed, recommended gains are displayed as shown below.

. Auto-tune Results for Motor =

Proportional (Kp)
Derivative (Kvfb)

Integral (Ki)

Velocity feedforward (Kvff)

0.11415954

Acceleration feedforward (Kaff)

Derivative Gain 2 (Kvifb) 0 o 9
Velocity feedforward into Integrator (Kviff) o ) 0
’ Restore \ ‘ Implement )
Active filter will be removed \ o ‘ G

After implementing the servo gains, verify the tuning via a step move or a parabolic move.
Typical responses are shown below:

Step move
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- . -
'
eact amant Gane
I Accusaceson Fasgionen S W
I renen Vasmonns tiars v
v Move n Ore Curecuon
ot tmar rvar Lt mlf et ceoxe Ore !
Serve Ot Links (ManDmc xe
| N - - s
ot Ovecter et o {
i Comctourd brree . I
utpun Deacbard O . P Ao ——— =
. ° Sham 2evs boce gree Pk 1o o o
ammastan Ses == [ servo Agormrer S3sa0n Lose ( mer s Trmectony Freamse o

® PowerPMAC Tune : 1 Step Move: #1 6/19/2018 315:43 PM.

o: #1 6/19/2018 3.15:43 PM

Stats Docmat Places |2
Natwral Frequency 21 86 1
Damping Ratio 0.62
Setling Time, 200 26w

A=t @[ 53]

—
L

Overshoot
Rise Time
Peak Magnitude

Parabolic Move

@ Tune : Online{10.150.168.13055H] » »
: 2

Proportionsl G (Kp)

Derwative Gain 1 (Kvib) Select Parabokc Move Parometers

Output Deadband Seed (OutDbSeed)

fommutation Status Motor Status Motor Type Servo Algonthm

Ouput | Dabug | Enror | Waming

315

=0 6/19/201824116PM

77
o 36344353, 530886 constant=0 619201824140 PM

ove Complete! Press Ctl-Alt+A o Abort 8 move in progress. [ EDREN R YD P E

0 Show Senvo Block Diogram

Swep | Ramp| Parabokc Vel | Trapezoidal Vel | SCuve | Sinusosal | Sine Sweep | User Defined

| Dervative Gain 2 (Kwifb) 0 Move Sze 32000000 mu
ntegral Gain () 00073548593
= Move Time ms
FeedFomward Gains
| Velocity Fesdtowerd Gein 1 (kv 0011046197
Velocity Feedforward Gain 2 (Kw#f) 0
Accelaration Fesdforward Goin (Kaf) on
| Acceleration Feed! Goin (Katf) o
Friction Feedforward Gain (KH) 0 o
| integral Mode (Sw2vint) 0 Move Options.
Fotal Following Error Lin (FataFeLint) Kitloor
Servo Output Limit (MaxDac) 1000 SETE —
L Sorvo NonLinearties After the Move 500 ms Move
Input Deadband Sze (BreakPosErr) o Select Plot hems
Input Deadband Gein (KBreak) 0 Filter Calculator
Enabla Open Loop Lot Avis Velocry
i Output Deadband inner Size (OUtDBON) &
Output Deadband Outer Size (OutDbON) 0 Right Aes. Followng Error

Piot to New Chart

Position Loop Fiter Info Tragectory Prefiter
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@ PowerPMAC Tune : 1 Parabolic Move: #1 6/19/2018 3:05:23 PM

File View Tools

Stots Decimol Places 2 -

Vel. Corr 0.62 Avg. FENel 0.85 &
Acc. Corr_0.52 ; - [ Avg. FE/Acc 46.51

T
Ll & @ 5 6 R

Motor-Encoder combination chart supported by System Setup

Power PMAC IDE future version will keep adding more motor-encoder combination as they
are available.

Gate 3 (ACC-24E3)
Serial*:
(Ck3W-GC)
Analog Endat 2.2, ,SSl' (Aacc-84) |:Ck31.:'\a’ £G) Serial: X¥2-| Halls 60°
Encoder vs. Motor No Feedback |Quadrature| _. . Panasonic, . . Serial* :
Sinusoidal . Serial: BiSS | _. 100, SL2- | and 120°
Kawasaki, BiSS, EnDat
. 100, TCR

Mititoya,

Tamagawa
Virtual Motor / N/A N/A N/A N/A M/A M/A M/A
Galvonometer N/A NJA NJA N/A NJA N/A v N/A
Stepper, PFM s NfA N/A N/A N/A N/A N/A N/A
ECAT CSP s N/A N/A N/A N/A N/A N/A N/A
ECAT C5T N/A v s s s + N/A +
Rotary Brushed (analog) NJA v g v g v NJA NfA
Linear Brushless PWM N/A v v v s v N/A v
Rotary Brushless, PWM N/A v v v v v N/A +
* Absolute phasing working for all, Absolute position (homing) is working for all except Panasonic.

i Tested Working
i Tested not working
N/A Not applicable
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Error Codes

1 EtherCAT

1.1 Groups

Appendix

No. Group Abbreviation Description

1 |Application Error APP Error within application, running the master.
e.g. API Function call with invalid parameters

2  |EtherCAT network information file ENI Master configuration XML file mismatches slave

broblem configuration on bus.

e.g. Bus Topology Scan cannot detect all slaves
configured within network information file.

3 |Master parameter configuration CFG Master configuration parameters erroreous.
e.g. mailbox command queue not large enough

4 Bus/Slave Error SLV Slave error
e.g. Working Counter Error

5 |Link Layer LLA Link Layer error (network interface driver).
e.g. Intel Pro/1000 NIC could not be found.

6 |[Remote API RAS Remote API error.
e.g. Connection to Remote API server is not possible from
client.

7 |Internal software error ISW Master internal error
e.g. Master state machine in undefined state.

8 |DC Master Sync DCM DC slave and host time synchronization.

9  |Pass-Through-Server PTS Initialization/De-Initialization errors

10 |System Setup SYS Errors from Operating System or obviously due to System
Setup

1.2 Codes

1.2.1

Generic error codes

Code/ Define

Text

Group | Possible error cause
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0x00000000 No Error n.a. Function call successful.
EC_E_NOERROR
0x98110001 Feature not APP Function or property not available
EC_E_NOTSUPPO supported
RTED
0x98110002 Invalid Index APP CoE: invalid SDO index.
EC_E_INVALIDIND
EX
0x98110003 Invalid Offset ISW Invalid offset, while accessing Process Data Image
EC_E_INVALIDOFF
SET
0x98110004 Cancel APP master should abort current mbx transfer
EC_E_CANCEL
0x98110005 Invalid Size APP Invalid size
EC_E_INVALIDSIZE
- while accessing Process Data Image
- while storing data
0x98110006 Invalid Data ISW Multiple error sources
EC_E_INVALIDDAT
A
0x98110007 Not ready ISW Multiple error sources
EC_E_NOTREADY
0x98110008 EC_E_BUSY Busy APP Stack is busy currently and not available to process the API
request. The function may be called again later.
0x98110009 Cannot queue ISW Acyclic command queue is full. Possible solution: Increase
EC_E_ACYC_FRM_FREEQ_EMPTY acyclic ecat of configuration value dwMaxAcycFramesQueued
command
0x9811000A No Memory left CFG Not enough allocatable memory available (memory full /
EC_E_NOMEMORY corrupted).
0x9811000B Invalid Parameter APP API function called with erroneous parameter set.
EC_E_INVALIDPARM
0x9811000C Not Found APP Network Information File not found, or API called with
EC_E_NOTFOUND invalid Slave ID.
0x9811000D Duplicated fixed ISW Internally handled.
EC_E_DUPLICATE address detected
0x9811000E Invalid State ISW Multiple error sources, e.g. Master is not initialized or not
EC_E_INVALIDSTA configured.
TE
0x9811000F Cannot add slave to| ISW Slave timer list full.
EC_E_TIMER_LIST timer list
_FULL
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0x98110010 Timeout Multiple error sources.

EC_E_TIMEOUT

0x98110011 Open Failed ISW Multiple error sources.

EC_E_OPENFAILE

D See e.g. Optimized Link Layer description (Operating
system configuration and instance configuration).

0x98110012 Send Failed LLA Transmit of frame failed.

EC_E_SENDFAILE

D

0x98110013 Insert Mailbox error | CFG Mailbox command couldn’t be stored to internal command

EC_E_INSERTMAIL

BO;( - queue. Internal limit MAX_QUEUED_COE_CMDS: 20.

0x98110014 Invalid Command ISW Unknown mailbox command code.

EC_E_INVALIDCMD

0x98110015 Unknown Mailbox ISW Unknown Mailbox protocol or mailbox command with

EC_E_UNKNOWN_MBX_PROTOCOL Protocol Command unknown protocol association.

0x98110016 Access Denied ISW Master internal software error:

EC_E_ACCESSDEN

IED

0x98110017 Identification failed ENI Identification command failed

EC_E_IDENTIFICATIONFAILED

0x98110018 Create lock failed SYS OsCreatelLockTyped failed

EC_E_LOCK_CREATE_FAILED

0x9811001A Product Key Invalid | CFG Application is using protected version of stack, which stops

EC_E_PRODKEY_INVALID operation after 60 minutes if license not provided.

0x9811001B Wrong configuration | ENI Network information file is empty or malformed.

EC_E_WRONG_FO format

RMAT

0x9811001C Feature disabled APP Application tried to perform a missing or disabled API

EC_E_FEATURE_DISABLED function.

0x9811001E Bus Config ENI Network information file and currently connected bus

EC_E_BUSCONFIG_MISMATCH Mismatch topology does not match.

0x9811001F Error reading config | ENI Network information file could not be read.

EC_E_CONFIGDATAREAD file

0x98110021 Cyclic commands ENI Network information file does not contain cyclic commands.

EC_E_XML_CYCCMDS_MISSING are missing

0x98110022 AL_STATUS ENI Read of AL Status register is missing in cyclic part of given

EC_E_XML_ALSTATUS_READ_MIS
SING

register read
missing in XML file
for at least one
state

network information file.
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0x98110023 Fatal internal McSm | |sw Master control state machine is in an undefined state.
EC_E_MCSM_FATAL_ERROR
0x98110024 EC E SLAVE ERROR Slave error SLV A slave error was detected. See also
- - EC_NOTIFY_STATUS_SLAVE_ERROR
and
EC_NOTIFY_SLAVE_ERROR_STATUS_INFO
0x98110025 EC E FRAME LOST Frame lost, IDX SLV An EtherCAT frame was lost on bus segment, means the
- - mismatch response was not received. In case this error shows
frequently a problem with the wiring could be the cause.
0x98110026 EC E CMD MISSING At least one SLV Received EtherCAT frame incomplete.
- - EtherCAT
command is missing
in received frame
0x98110028 I0CTL APP This function cannot be used if DC Latching is running in
EC_IOCTL_DC_LA mode ,Auto Read".
EC_E_INVALID_DCL_MODE TCH_REQ_LTIMV
ALS invalid in DCL
auto read mode
0x98110029 EC E Al ADDRESS Auto increment SLV Network information file and bus topology doesn’t match
- address increment any more. Error shows only, if a already recognized slave
mismatch isn’t present any more.
0x9811002A Slave in invalid APP Mailbox commands are not allowed in current slave state.
EC_E_INVALID_SLAVE_STATE state, e.g. notin OP
CE. S S (API not callable in
this state)
0x9811002B Station address lost | g v Slave had a powercycle.
(or slave missing) -
EC_E_SLAVE_NOT_ADDRESSABLE FPRD to
AL_STATUS failed
0x9811002C Too many cyclic ENI Error while creating network information file within
EC_E_CYC_CMDS_OVERFLOW commands in XML configuration utility.
configuration file
0x9811002D Ethernet link cable SLV EtherCAT bus segment not connected to network interface.
EC_E_LINK_DISCONNECTED disconnected
0x9811002E Master core not RAS Connection to remote server was terminated or master
EC_E_MASTERCORE_INACCESS accessible instance has been stopped on remote side.
IBLE
0x9811002F COE mbox send: SLV CoE mailbox couldn’t be read on slave, slave didn’t read out
EC_E_COE_MBXSND_WKC_ERR working counter mailbox since last write.
OR
0x98110030 COE mbox receive: | SLV CoE Mailbox couldn’t be read from slave.
working counter
EC_E_COE_MBXRCV_WKC_ERR
OR
0x98110031 No mailbox support | APP Slave does not support mailbox access.
EC_E_NO_MBX_SUPPORT
0x98110032 CoE protocol not ENI Configuration error or slave information file doesn’t match

EC_E_NO_COE_SUPPORT

supported

slave firmware.

Power PMAC IDE User Manual

505




Appendix

0x98110033 EoE protocol not ENI Configuration error or slave information file doesn’t match
EC_E_NO_EOE_SUPPORT supported slave firmware.
0x98110034 FoE protocol not ENI Configuration error or slave information file doesn’t match
EC_E_NO_FOE_SUPPORT supported slave firmware.
0x98110035 SoE protocol not ENI Configuration error or slave information file doesn’t match
EC_E_NO_SOE_SUPPORT supported slave firmware.
0x98110036 VoE protocol not ENI Configuration error or slave information file doesn’t match
EC_E_NO_VOE_SUPPORT supported slave firmware.
0x98110037 Configuration ENI Obsolete
EC_E_EVAL_VIOLA violates Evaluation
TION limits
0x98110038 Evaluation Time CFG License not provided and evaluation period (1 hour) of
EC_E_EVAL_EXPIR limit reached protected version exceeded.
ED
0x98110070 Master configuration| CFG The path to the master configuration file (XML) was wrong
EC_E_CFGFILENOTFOUND not found or the file is not available.
0x98110071 Command error SLvV Could not read from slave EEPROM.
EC_E_EEPROMREADERROR while EEPROM

upload
0x98110072 Command error SLV Could not write to slave EEPROM.
EC_E_EEPROMWRITEERROR while EEPROM

download
0x98110073 Cyclic command ENI Error while creating a new cyclic command. The size which
EC_E_XML_CYCCMDS_SIZEMISMA wrong size (too was defined in the master configuration xml does not
TCH match to the size of the process data.

long)
0x98110075 Invalid output offset | ENI Obsolete
EC_E_XML_INVALID_OUT_OFF in cyc cmd, please

check OutputOffs
0x98110076 Port Close failed
EC_E_PORTCLOSE
0x98110077 Port Open failed
EC_E_PORTOPEN
0x9811010e Command not APP Slave disappeared or was never present.
EC_E_SLAVE_NOT_PRESENT executed (slave not | /

present on bus) SLvV

0x98110110
EC_E_EEPROMRELOADERROR

Command error
while EEPROM
reload

0x98110111
EC_E_SLAVECTRLRESETERROR

Command error
while Reset Slave

Controller
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EC_E_PTS_THREAD_CREATE_FAILE
D

the Pass
Through Server

0x98110112 Cannot open SYS System driver was not loaded.
EC_E_SYSDRIVERMISSING system driver
0x9811011E Bus configuration Topology changed while scanning bus
EC_E_BUSCONFIG_TOPOCHANGE not detected,
Topology
changed
0x98110123 VoE mailbox send: | SLV VoE mailbox couldn’t be written.
EC_E_VOE_MBX_WKC_ERROR working counter
0x98110124 EEPROM SLV Assignment of the EEPROM to the slave went wrong.
EC_E_EEPROMASSIGNERROR assignment failed
0x98110125 Error mailbox SLV Unknown mailbox error code received in mailbox
EC_E_MBX_ERROR_TYPE received
0x98110126 Redundancy line SLV Cable break between slaves or between master and first
EC_E_REDLINEBRE break slave
AK
0x98110127 Invalid EtherCAT ENI BRW commands are not allowed with redundancy.
EC_E_XML_INVALID_CMD_WITH_RED | cmd in cyclic
frame with LRW commands with an expected WKC>3 are not allowed
redundancy with redundancy (Workaround: Use LRD/LWR instead of
LRW)
0x98110128 <PreviousPort>-tag | ENI If the auto increment address is not the first slave on the
EC_E_XML_PREV_PORT_MISSING is missing bus we check if a previous port tag OR a hot connect tag is
available
0x98110129 DC is enabled ENI Error in Configuration Tool.
EC_E_XML_DC_CYCCMDS_MISSING and DC cyclic
commands are
missing (e.g.
access to 0x900)
0x98110130 Data link (DL) sLv Handled inside the master
status interrupt
EC_E_DLSTATUS_IRQ_TOPOCHAN because of
GED changed
topology
0x98110131 Pass Through PTS The Pass-Through-Server was tried to be enabled/disabled
EC_E_PTS_IS_NOT_RUNNING Server is not or stopped without being started.
running
0x98110132 Pass Through PTS Obsolete. Replaced by EC_E_ADS_IS_RUNNING
EC_E_PTS_IS_RUN Server is running
NING
0x98110132 ADS adapter (Pass | PTS API call conflicts with ADS state (running).
EC_E_ADS_IS_RUN Through Server) is
NING running
0x98110133 Could not start PTS The Pass-Through-Server could not be started.
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0x98110134 The Pass PTS Possibly because the IPaddress (and Port) is already in
EC_E_PTS_SOCK_BIND_FAILED Through Server use or the IP-address does not exist.

could not bind

the IP address

with a socket
0x98110135 The Pass PTS -
EC_E_PTS_NOT_ENABLED Through Server

is running but not

enabled
0x98110136 The Link Layer PTS The Master is running in interrupt mode but the
EC E PTS LL MODE NOT SUPPOR mode is not Pass- Through-Server only supports polling mode.

- - - - - supported by the

TED Pass Through

Server
0x98110137 No VoE mailbox SLV The master has not yet received a VoE mailbox from a
EC_E_VOE_NO_MBX_RECEIVED received specific slave.
0x98110138 SYNC out unit of ENI Slave is selected as Reference clock in ENI file, but slave
EC_E_DC_REF_CLOCK_SYNC_OUT_ reference clock is doesn’t have a SYNC unit. Possible a ESI file bug.
U disabled
NIT_DISABLED
0x98110139 Reference clock not | SLV May happen if reference clock is removed from network.
EC_E_DC_REF_CLOCK_NOT_FOUND found!
0x9811013B Mailbox SLV Mbx Init Cmd Retry Count exceeded.
EC_E_MBX_CMD_WKC_ERROR command

working counter

error
0x9811013C AoE: Protocol not APP Application calls AoE-API although not implemented at
EC_E_NO_AOE_SUPPORT supported / slave.

SLV

0x9811016E AoE: Invalid NetID ENI Error from Configuration Tool.
EC_E_XML_AOE_NETID_INVALID
0x9811016F Error: Maximum CFG The maximum number of pre-allocated bus slave objects
EC_E_MAX_BUS_SLAVES_EXCEEDE number of bus are to small. The maximum number can be adjusted by the
D slave has been master initialization parameter

exceeded

EC_T_INITMASTERPARMS.dwMaxBusSlaves.

0x98110170 Mailbox error: SLV Slave error mailbox return value: 0x01
EC_E_MBXERR_SY Syntax of 6 octet
NTAX Mailbox header is

wrong
0x98110171 Mailbox error: SLV Slave error mailbox return value: 0x02

The Mailbox
EC_E_MBXERR_UNSUPPORTEDPRO | protocol is not
TOCOL supported
0x98110172 Mailbox error: SLV Slave error mailbox return value: 0x03

EC_E_MBXERR_INVALIDCHANNEL

Field contains
wrong value
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0x98110173 Mailbox error: The | s1v Slave error mailbox return value: 0x04
EC_E_MBXERR_SERVICENOTSUPPO | Mailbox protocol
header of the
RTED mailbox protocol is
wrong
0x98110174 Mailbox error: The | SLV Slave error mailbox return value: 0x05
EC_E_MBXERR_INVALIDHEADER mailbox protocol
header of the
mailbox protocol is
wrong
0x98110175 Mailbox error: SLV Slave error mailbox return value: 0x06
EC_E_MBXERR_SIZETOOSHORT Length of received
mailbox data is too
short
0x98110176 Mailbox error: SLV Slave error mailbox return value: 0x07
EC_E_MBXERR_NOMOREMEMORY Mailbox protocol
can not be
processed because
of limited
resources
0x98110177 Mailbox error: The SLV Slave error mailbox return value: 0x08
EC_E_MBXERR_INVALIDSIZE length of data is
inconsistent
0x98110178 Slaves with DC ENI The first DC Slave was not configured as potential reference
configured present clock.
EC_E_DC_SLAVES BEFORE_RE
- - - on bus before
F_CL OCK
- reference clock
0x9811017B Line crossed Cabling wrong.
EC_E_LINE_CROSSED
0x9811017C Line crossed at Obsolete
EC_E_LINE_CROSSED_SLAVE_IN slave ...
FO
0x9811017E ADO for slave SLV Request ID mechanism (ADO 0x134) not supported by
EC_E_ADO_NOT_SUPPORTED identification not slave
supported
0x9811017F Frameloss after Opening port destroys communication (frameloss).
EC_E_FRAMELOSS_AFTER_SLA Slave
VE
0x98130008 Manufacturer ENI,
EC_E_OEM_SIGNATURE_MISMA signature mismatch | OEM
TCH
0x98130009 ENI encryption ENI,
EC_E_ENI_ENCRYPTION_WRON algorithm version OEM
G_VE not supported
RSION
0x9813000A Loading encrypted | OEM

EC_E_ENI_ENCRYPTED

ENI needs OEM
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key
0x9813000B OEM key mismatch | RAS,
EC_E_OEM_KEY_MISMATCH OEM
0x9813000C OEM key access APP Application must call ecatSetOemKey
EC_E_OEM_KEY_MISSING needs OEM key set
0x98130020 S2S: Not
EC_E_S2SMBX_NOT_CONFIGUR Configured
ED
0x98130021 S2S: No Memory
EC_E_S2SMBX_NO_MEMORY
0x98130022 S2S: No Descriptor
EC_E_S2SMBX_NO_DESCRIPTO
R
0x98130023 S28S: Destination
Slave not found
EC_E_S2SMBX_DEST_SLAVE_N
OT_F OUND
0x98130024 Master APP API not allowed in current Master Redundancy State.
Redundancy State
EC_E_MASTER_RED_STATE_INA )
- - - - - is INACTIVE
CTIVE
0x98130025 Master APP API not allowed in current Master Redundancy State.
EC_E_MASTER_RED_STATE_AC Redundancy State
TIVE is ACTIVE
0x98130026 Junction
EC_E_JUNCTION_RED_LINE_BR redundancy line
EAK break
0x98130027 Validation error
EC_E_VALIDATION_ERROR (validation data
mismatch)
0x98130028 Timeout waiting for
EC_E_TIMEOUT_WAITING_FOR _ DC
DC
0x98130030 Signature mismatch
EC_E_SIGNATURE_MISMATCH
1.2.2 DCM (Class A) Error Codes
Code/ Define Text Group Possible error cause
0x981201C1 Init function not called or not successful DCM Obsolete

DCM_E_NOTINITIALIZED

0x981201C2
DCM_E_MAX_CTL_ERROR_EXCEED

Controller error - synchronisation out of limit
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0x981201C3 Not enough memory Obsolete
DCM_E_NOMEMORY
0x981201C4 Hardware layer - (BSP) invalid Obsolete
DCM_E_INVALID_HWLAYER
0x981201C5 Hardware layer - error modifying timer Obsolete
DCM_E_TIMER_MODIFY_ERROR

0x981201C6 DCM_E_TIMER_NOT_RUNNING | Hardware layer - timer not running Obsolete
0x981201C7 Hardware layer - function called on wrong Obsolete
DCM_E_WRONG_CPU CPU
0x981201C8 Invalid DC sync period length (invalid clock Obsolete
DCM_E_INVALID_SYNC_PERIOD master?)
0x981201C9 DCM Controller SetVal to small Obsolete
DCM_E_INVALID_SETVA

L
0x981201CA DCM Controller - Drift between local timer and

DCM_E_DRIFT_TO_HIGH

ref clock to high

0x981201CB DCM_E_BUS_CYCLE_WRONG

DCM Controller - Bus cycle time
(dwBusCycleTimeUsec) doesn't match real
cycle

0x98130029
EC_E_TIMEOUT WAITING_FOR_DCM

Timeout waiting for DCM

1.2.3 ADS over EtherCAT (AoE) Error Codes

Code / Define

Text

Group

Possible error cause

0x9813000D
EC_E_AOE_NO_RTIME

AoE: No Rtime

0x9813000E EC_E_AOE_LOCKED_MEMORY

AoE: Allocation locked memory

0x9813000F
EC_E_AOE_MAILBOX

AoE: Insert mailbox error

0x98130010
EC_E_AOE_WRONG_HMSG

AoE: Wrong receive HMSG

0x98130011
EC_E_AOE_BAD_TASK_ID

AoE: Bad task ID

0x98130012
EC_E_AOE_NO_IO

AoE: No IO

0x98130013
EC_E_AOE_UNKNOWN_AMS_COMMA ND

AoE: Unknown ADS command
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0x98130014
EC_E_AOE_WIN32

AoE: Win 32 error

0x98130015
EC_E_AOE_LOW_INSTALL_LEVEL

AoE: Low installation level

0x98130016
EC_E_AOE_NO_DEBUG

AoE: No debug available

0x98130017 EC_E_AOE_AMS_SYNC_WIN32

AoE: Sync Win 32 error

0x98130018
EC_E_AOE_AMS_SYNC_TIMEOUT

AoE: Sync Timeout

0x98130019 EC_E_AOE_AMS_SYNC_AMS

AoE: Sync AMS error

0x9813001A

EC_E_AOE_AMS_SYNC_NO_INDEX_M AP

AoE: Sync noindex map

0x9813001B
EC_E_AOE_TCP_SEND

AoE: TCP send error

0x9813001C
EC_E_AOE_HOST_UNREACH
ABLE

AoE: Host unreachable

0x9813001D
EC_E_AOE_INVALIDAMSFRA
GMENT

AoE: Invalid AMS fragment

0x9813001E
EC_E_AOE_NO_LOCKED_ME
MORY

AoE: No allocation locked memory

0x9813001F
EC_E_AOE_MAILBOX_FULL

AoE: Mailbox full

1.2.4 CAN application protocol over EtherCAT (CoE) Error Codes

Code/ Define Text Group | Possible error cause

0x98110040 SDO: Toggle bit not alternated | SLV CoE abort code 0x05030000 of slave
EC_E_SDO_ABORTCODE_TOGGLE

0x98110041 SDO: Protocol timed out SLV CoE abort code 0x05040000 of slave
EC_E_SDO_ABORTCODE_TIMEOUT

0x98110042 SDO: Client/server command SLV CoE abort code 0x05040001 of slave
EC_E_SDO_ABORTCODE_CCS_SCS specifier not valid or unknown

0x98110043 SDO: Invalid block size SLV CoE abort code 0x05040002 of slave

EC_E_SDO_ABORTCODE_BLK_SIZE

(block mode only)

0x98110044 SDO: Invalid sequence number | SLV CoE abort code 0x05040003 of slave
EC_E_SDO_ABORTCODE_SEQNO (block mode only)
0x98110045 SDO: CRC error (block mode SLV CoE abort code 0x05040004 of slave
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EC_E_SDO_ABORTCODE_CRC

only)

0x98110046 SDO: Out of memory SLV CoE abort code 0x05040005 of slave
EC_E_SDO_ABORTCODE_MEMORY
0x98110047 SDO: Unsupported access to SLV CoE abort code 0x06010000 of slave
EC_E_SDO_ABORTCODE_ACCESS an object
0x98110048 SDO: Attempttoread awrite | SLv CoE abort code 0x06010001 of slave
EC_E_SDO_ABORTCODE_WRITEON | Ol object
LY
0x98110049 SDO: Attempttowritearead | sLv CoE abort code 0x06010002 of slave
EC_E_SDO_ABORTCODE_READONL | MY object
Y
0x98130004 SDO: Sub Index cannot be SLV CoE abort code 0x06010003 of slave
written, S10 must be 0 for write
EC_E_SDO_ABORTCODE_SI_NOT
il - - - - access
WRITTEN
0x98130005 SDO: Complete access not SLV CoE abort code 0x06010004 of slave
EC_E_SDO_ABORTCODE_CA_TYPE supported for objects of
cvariable length suach as
_MISM
ENUM object types
0x98130006 SDO: Object length exceeds SLV CoE abort code 0x06010005 of slave
EC_E_SDO_ABORTCODE_OBJ_TOO mailbox size
_BIG
0x98130007 SDO: Object mapped to SLV CoE abort code 0x06010006 of slave
EC_E_SDO_ABORTCODE_PDO_MAP RxPDO, SDO Download
PED blocked
0x9811004A SDO: Object does not exist in SLV CoE abort code 0x06020000 of slave
EC_E_SDO_ABORTCODE_INDEX the object dictionary
0x9811004B SDO: Object cannot be SLV CoE abort code 0x06040041 of slave
EC_E_SDO_ABORTCODE_PDO_MAP mapped to the PDO
0x9811004C SDO: The number and length SLV CoE abort code 0x06040042 of slave
EC_E_SDO_ABORTCODE_PDO_LEN of the objects to be mapped
would exceed PDO length
0x9811004D SDO: General parameter SLV CoE abort code 0x06040043 of slave
incompatibility reason
EC_E_SDO_ABORTCODE_P_INCOM P
0x9811004E SDO: General internal SLV CoE abort code 0x06040047 of slave
EC_E_SDO_ABORTCODE_|_INCOMP incompatibility in the device
0x9811004F SDO: Access failed due to an SLV CoE abort code 0x06060000 of slave
EC_E_SDO_ABORTCODE_HARDWA hardware error
RE
0x98110050 SDO: Data type does not SLV CoE abort code 0x06070010 of slave
EC_E_SDO_ABORTCODE_DATA_SIZ E | match, length of service
parameter does not match
0x98110051 SDO: Data type does not SLV CoE abort code 0x06070012 of slave

match, length of service
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EC_E_SDO_ABORTCODE_DATA SIZ

parameter too high

E1
0x98110052 SDO: Data type does not SLV CoE abort code 0x06070013 of slave
EC_E_SDO_ABORTCODE_DATA_SIZ match, length of service
E2 parameter too low
0x98110053 SDO: Sub-index does not exist | SLV CoE abort code 0x06090011 of slave
EC_E_SDO_ABORTCODE_OFFSET
0x98110054 SDO: Value range of SLV CoE abort code 0x06090030 of slave
EC E SDO ABORTCODE DATA RA parameter exceeded (only for
— = = — - write access)
NGE
0x98110055 SDO: Value of parameter SLV CoE abort code 0x06090031 of slave
EC_E_SDO_ABORTCODE_DATA_RA written too high
NGE1
0x98110056 SDO: Value of parameter SLV CoE abort code 0x06090032 of slave
written too low
EC_E_SDO_ABORTCODE_DATA_RA
NGE2
0x9811005E SDO: Detected Module Ident SLvV CoE abort code 0x06090033 of slave
List
EC_E_SDO_ABORTCODE_MODULE_
ID_LIST_NOT_MATCH (0xF030) and Configured
Module Ident list (0xF050) does
not match
0x98110057 SDO: Maximum value is less SLV CoE abort code 0x06090036 of slave
EC_E_SDO_ABORTCODE_MINMAX than minimum value
0x98110058 SDO: General error SLV CoE abort code 0x08000000 of slave
EC_E_SDO_ABORTCODE_GENERAL
0x98110059 SDO: Data cannot be SLV CoE abort code 0x08000020 of slave
transferred or stored to the
EC_E_SDO_ABORTCODE_TRANSFE R o
— = - - application
0x9811005A SDO: Data cannot be SLV CoE abort code 0x08000021 of slave
EC_E_SDO_ABORTCODE_TRANSFE transferred or stored to the
application because of
R1
local control
0x9811005B SDO: Data cannot be SLV CoE abort code 0x08000022 of slave
EC_E_SDO_ABORTCODE_TRANSFE transferred or stored to the
R2 application because of the
present device state
0x9811005C SDO: Object dictionary SLV CoE abort code 0x08000023 of slave
EC_E_SDO_ABORTCODE_DICTIONA dynamic generation fails or no
RY object dictionary is present
(e.g. object dictionary is
generated from file and
generation fails
because of an file error)
0x9811005D SDO: Unknown code SLV Unknown CoE abort code of slave

EC_E_SDO_ABORTCODE_UNKNOW N
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1.2.5 File Transfer over EtherCAT (SoE) Error Codes

Appendix

Code / Define Text Group | Possible error cause
0x98110060 ERROR FoE: not SLV FoE Error Code 0 (0x8000) of slave
EC_E_FOE_ERRCODE_NOTDEFINED| defined
0x98110061 ERROR FoE: not SLV FoE Error Code 1 (0x8001) of slave
EC_E_FOE_ERRCODE_NOTFOUND found
0x98110062 ERROR FoE: access | SLV FoE Error Code 2 (0x8002) of slave
EC_E_FOE_ERRCODE_ACCESS denied
0x98110063 ERROR FoE: disk full| SLV FoE Error Code 3 (0x8003) of slave
EC_E_FOE_ERRCODE_DISKFULL
0x98110064 ERROR FoE: illegal | SLV FoE Error Code 4 (0x8004) of slave
EC_E_FOE_ERRCODE_ILLEGAL
0x98110065 ERROR FoE: packet | SLV FoE Error Code 5 (0x8005) of slave
EC_E_FOE_ERRCODE_PACKENO number wrong
0x98110066 ERROR FoE: already| SLV FoE Error Code 6 (0x8006) of slave
EC_E_FOE_ERRCODE_EXISTS exists
0x98110067 ERROR FoE: no user| SLV FoE Error Code 7 (0x8007) of slave
EC_E_FOE_ERRCODE_NOUSER
0x98110068 ERROR FoE: SLV FoE Error Code 8 (0x8008) of slave
EC_E_FOE_ERRCODE_BOOTSTRAP | bootstrap only
ONLY
0x98110069 ERROR FoE: SLV FoE Error Code 9 (0x8009) of slave
Downloaded file

EC_E_FOE_ERRCODE_NOTINBOOT name is not valid in
STRAP Bootstrap state
0x9811006A ERROR FoE: no SLV FoE Error Code 10 (0x800A) of slave
EC_E_FOE_ERRCODE_INVALIDPAS rights
SWORD
0x9811006B ERROR FoE: SLV FoE Error Code 11 (0x800B) of slave
EC_E_FOE_ERRCODE_PROGERRO program error
R
0x9811006C ERROR FoE: Wrong | SLV FoE Error Code 12 (0x800C) of slave
EC_E_FOE_ERRCODE_INVALID_CH

- — — - checksum
ECKSUM
0x9811006D ERROR FoE: SLV FoE Error Code 13 (0x800D) of slave
EC_E_FOE_ERRCODE_INVALID_FIR 2?’}:":‘;&2?{:5 not fit FoE Error Code 14 (OXB00E g
MWARE oE Error Code 14 (Ox: ) reserve
0x9811006F ERROR FoE: Nofile | sLv FoE Error Code 15 (0x800F) of slave

EC_E_FOE_ERRCODE_NO_FILE

to read
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0x98130001 ERROR FoE: File SLV FoE Error Code 16 (0x8010) of slave
EC_E_FOE_ERRCODE_FILE_HEAD_ Zjizfer does not
MISSING
0x98130002 ERRORFoE: Flash | sLv FOE Error Code 17 (0x8011) of slave
EC_E_FOE_ERRCODE_FLASH_PRO | Problem
BLEM
0x98130003 ERROR FoE: File SLV FoE Error Code 18 (0x8012) of slave
incompatible
EC_E_FOE_ERRCODE_FILE_INCOM
PATIBLE
0x9811010F ERROR FoE: APP Application requested FoE in Bootstrap although slave does
EC_E_NO_FOE_SUPPORT BS Protocol not not support this.
supported in boot
strap
0x9811017A ERROR FoE: Fileis | App Slave returned more data than the buffer provided by
EC_E_FOE_ERRCODE_MAX_FILE_Sl *s’i'geger than max file application can store.
ZE

1.2.6 Servo Drive Profile over EtherCAT (SoE) Error Codes

Code / Define Text Group | Possible error cause

0x98110078 ERROR SoE: Invalid access to

EC_E_SOE_ERRORCODE_INVALID_ element 0

ACCESS

0x98110079 ERROR SoE: Does not exist

EC_E_SOE_ERRORCODE_NOT_EXIS

T

0x9811007A ERROR SoE: Invalid access to

EC_E_SOE_ERRORCODE_INVL_ACC element 1

_ELEM1

0x9811007B ERROR SoE: Name does not exist

EC_E_SOE_ERRORCODE_NAME_NO

T_EXIST

0x9811007C ERROR SoE: Name undersize in

EC_E_SOE_ERRORCODE_NAME_UN transmission

DERSIZE

0x9811007D ERROR SoE: Name oversize in
transmission

EC_E_SOE_ERRORCODE_NAME_OV ERSIZE

0x9811007E ERROR SoE: Name unchangeable

EC_E_SOE_ERRORCODE_NAME_UN

CHANGE

0x9811007F ERROR SoE: Name currently write-

EC_E_SOE_ERRORCODE_NAME_W R_PROT | Protected
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0x98110080

EC_E_SOE_ERRORCODE_UNDERS_TRANS

ERROR SoE: Attribute undersize in
transmission

0x98110081
EC_E_SOE_ERRORCODE_OVERS_T RANS

ERROR SoE: Attribute oversize in
transmission

0x98110082
EC_E_SOE_ERRORCODE_ATTR_UN
CHANGE

ERROR SoE: Attribute unchangeable

0x98110083 ERROR SoE: Attribute currently write-
EC_E_SOE_ERRORCODE_ATTR_WR protected

_PROT

0x98110084 ERROR SoE: Unit does not exist

EC_E_SOE_ERRORCODE_UNIT_NO T_EXIST

0x98110085
EC_E_SOE_ERRORCODE_UNIT_UN

ERROR SoE: Unit undersize in
transmission

DERSIZE

0x98110086 ERROR SoE: Unit oversize in
EC_E_SOE_ERRORCODE_UNIT_OV transmission

ERSIZE

0x98110087 ERROR SoE: Unit unchangeable

EC_E_SOE_ERRORCODE_UNIT_UN CHANGE

0x98110088
EC_E_SOE_ERRORCODE_UNIT_WR

_PROT

ERROR SoE: Unit currently write-
protected

0x98110089
EC_E_SOE_ERRORCODE_MIN_NOT

_EXIST

ERROR SoE: Minimum input value
does not exist

0x9811008A
EC_E_SOE_ERRORCODE_MIN_UND ERSIZE

ERROR SoE: Minimum input value
undersize in transmission

0x9811008B

EC_E_SOE_ERRORCODE_MIN_OVE RSIZE

ERROR SoE: Minimum input value
oversize in transmission

0x9811008C
EC_E_SOE_ERRORCODE_MIN_UNC

HANGE

ERROR SoE: Minimum input value
unchangeable

0x9811008D
EC_E_SOE_ERRORCODE_MIN_WR_PROT

ERROR SoE: Minimum input value
currently write-protected

0x9811008E
EC_E_SOE_ERRORCODE_MAX_NOT

_EXIST

ERROR SoE: Maximum input value
does not exist
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0x9811008F
EC_E_SOE_ERRORCODE_MAX_UND

ERSIZE

ERROR SoE: Maximum input value
undersize in transmission

0x98110090
EC_E_SOE_ERRORCODE_MAX_OVE RSIZE

ERROR SoE: Maximum input value
oversize in transmission

0x98110091
EC_E_SOE_ERRORCODE_MAX_UNC

HANGE

ERROR SoE: Maximum input value
unchangeable

0x98110092
EC_E_SOE_ERRORCODE_MAX_WR_

PROT

ERROR SoE: Maximum input value
currently write-protected

0x98110093
EC_E_SOE_ERRORCODE_DATA_NO T_EXIST

ERROR SoE: Data item does not exist

0x98110094

EC_E_SOE_ERRORCODE_DATA_UN
DERSIZE

ERROR SoE: Data item undersize in
transmission

0x98110095
EC_E_SOE_ERRORCODE_DATA_OV ERSIZE

ERROR SoE: Data item oversize in
transmission

0x98110096
EC_E_SOE_ERRORCODE_DATA_UN
CHANGE

ERROR SoE: Data item unchangeable

0x98110097
EC_E_SOE_ERRORCODE_DATA WR

_PROT

ERROR SoE: Data item currently write-
protected

0x98110098
EC_E_SOE_ERRORCODE_DATA MI

N_LIMIT

ERROR SoE: Data item less than
minimum input value limit

0x98110099
EC_E_SOE_ERRORCODE_DATA_MA X_LIMIT

ERROR SoE: Data item exceeds
maximum input value limit

0x9811009A
EC_E_SOE_ERRORCODE_DATA_INC

OR

ERROR SoE: Data item incorrect

0x9811009B
EC_E_SOE_ERRORCODE_PASWD_P

ROT

ERROR SoE: Data item protected by
password

0x9811009C
EC_E_SOE_ERRORCODE_TEMP_UN
CHANGE

ERROR SoE: Data item temporary
unchangeable (in AT or MDT)

0x9811009D
EC_E_SOE_ERRORCODE_INVL_INDI

ERROR SoE: Invalid indirect
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RECT

0x9811009E
EC_E_SOE_ERRORCODE_TEMP_UN

CHANGE1

ERROR SoE: Data item temporary
unchangeable (parameter or opmode)

0x9811009F
EC_E_SOE_ERRORCODE_ALREADY

_ACTIVE

ERROR SoE: Command already active

0x98110100

EC_E_SOE_ERRORCODE_NOT_INTE RRUPT

ERROR SoE: Command not
interruptible

0x98110101
EC_E_SOE_ERRORCODE_CMD_NOT

_AVAIL

ERROR SoE: Command not available
(in this phase)

0x98110102
EC_E_SOE_ERRORCODE_CMD_NOT

_AVAIL1

ERROR SoE: Command not available
(invalid parameter)

0x98110103

EC_E_SOE_ERRORCODE_DRIVE_N O

ERROR SoE: Response drive number

not identical with requested drive
number

0x98110104 EC_E_SOE_ERRORCODE_IDN

ERROR SoE: Response IDN not
identical with requested IDN

0x98110105
EC_E_SOE_ERRORCODE_FRAGME NT_LOST|

ERROR SoE: At least one fragment lost

0x98110106

EC_E_SOE_ERRORCODE_BUFFER_FULL

ERROR SoE: RX buffer full (ecat call
with to small data-buffer)

0x9811009B
EC_E_SOE_ERRORCODE_PASWD_P

ROT

ERROR SoE: Data item protected by
password

0x9811009C
EC_E_SOE_ERRORCODE_TEMP_UN
CHANGE

ERROR SoE: Data item temporary
unchangeable (in AT or MDT)

0x9811009D
EC_E_SOE_ERRORCODE_INVL_INDI

RECT

ERROR SoE: Invalid indirect

0x9811009E
EC_E_SOE_ERRORCODE_TEMP_UN

CHANGE1

ERROR SoE: Data item temporary
unchangeable (parameter or opmode)

0x9811009F
EC_E_SOE_ERRORCODE_ALREADY

ERROR SoE: Command already active
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_ACTIVE

0x98110100

EC_E_SOE_ERRORCODE_NOT_INTE RRUPT

ERROR SoE: Command not
interruptible

0x98110101
EC_E_SOE_ERRORCODE_CMD_NOT

_AVAIL

ERROR SoE: Command not available
(in this phase)

0x98110102
EC_E_SOE_ERRORCODE_CMD_NOT

_AVAIL1

ERROR SoE: Command not available
(invalid parameter)

0x98110103

EC_E_SOE_ERRORCODE_DRIVE_N O

ERROR SoE: Response drive number

not identical with requested drive
number

0x98110104 EC_E_SOE_ERRORCODE_IDN

ERROR SoE: Response IDN not
identical with requested IDN

0x98110105
EC_E_SOE_ERRORCODE_FRAGME NT_LOST

ERROR SoE: At least one fragment lost

0x98110106

EC_E_SOE_ERRORCODE_BUFFER_FULL

ERROR SoE: RX buffer full (ecat call
with to small data-buffer)

0x98110107
EC_E_SOE_ERRORCODE_NO_DATA

ERROR SoE: No data state

0x98110108
EC_E_SOE_ERRORCODE_NO_DEFA
ULT_VALUE

ERROR SoE: No default value

0x98110109
EC_E_SOE_ERRORCODE_DEFAULT

_LONG

ERROR SoE: Default value
transmission too long

0x9811010A
EC_E_SOE_ERRORCODE_DEFAULT

WP

ERROR SoE: Default value cannot be
changed, read only

0x9811010B
EC_E_SOE_ERRORCODE_INVL_DRI VE_NO

ERROR SoE: Invalid drive number

0x9811010C
EC_E_SOE_ERRORCODE_GENERAL

_ERROR

ERROR SoE: General error

0x9811010D
EC_E_SOE_ERRCODE_NO_ELEM_A

DR

ERROR SoE: No element addressed
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1.2.7 Remote API Error Codes

Appendix

Code / Define Text Group | Possible error cause
0x9811017D Socket disconnected RAS IP connection died.
EC_E_SOCKET_DISCONNECTED
0x98110181 Invalid Cookie RAS Reconnect with old connection cookie failed. Reconnect is
EMRAS_E_INVALIDCO performed implicitly with the new session cookie. Client
OKIE
registrations a mailbox objects must be recreated.
0x98110183 Connect 2nd server | RAS Connection attempt to additional remote API server
EMRAS_E_MULSRVDISMULCON denied because Multi
Server support is rejected because an existing connection was established
disabled without using multi connection API.
0x98110184 Logon canceled RAS Serverside connection reject while opening a client
EMRAS_E_LOGONCANCELLED connection.
0x98110186 Invalid Version RAS Connection reject because of using mismatching protocol
EMRAS_E_INVALIDVERSION versions on client and server side.
0x98110187 Access configuration | RAS The SPoC access configuration is invalid.
EMRAS_E_INVALIDACCESSCONFIG is invalid
0x98110188 No access to this RAS A higher SPoC access level is needed to use the called
EMRAS_E_ACCESSLE call at this access Remote API function.
SS level
0x98110189 Invalid data received RAS The communication as been corrupted
EMRAS_E_INVALIDDATARECEIVED
0x98110191 Server stopped RAS Closer description if connection dropped because of
EMRAS_EVT_SERVERSTOPPED Remote API Server stop using local API call to stop
Remote API server.
0x98110192 Watchdog expired RAS Closer description on server side when connection is
E'\élSAS—EVT—WDEXPI dropped because of missing keep-alive messages.
Session is still reconnectable.
0x98110193 Reconnect expired RAS Client tries to reconnect old session after disconnect and
EMRAS_EVT_RECONEXPIRED server has cleaned session already. A reconnect requires
to re-register client thread registrations and created
mailbox objects have to be re-created.
0x98110194 Client logged on RAS Serverside notification if a new client establishes a
EMRAS_EVT_CLIENTLOGON connection.
0x98110195 Client reconnect RAS Serverside notification if a client tries to reconnect to an
EMRAS_EVT_RECONN existing session successfully.
ECT
0x98110196 Socket exchanged RAS Closer description on a connection change, if newly
after Reconnect i . - i
EMRAS_EVT_SOCKCHANGE spawned client socket is transferred to an existing session
on a reconnection attempt (only serverside)
0x98110197 EMRAS_EVT_CLNTDISC | Client disconnect RAS The remote client was disconnected from server.
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0x98110198

EMRAS_E_ACCESS_NOT_FOUND for this call

Access not configured | RAS

The SPoC access configuration is missing.

2 MQTT

Error Code ID

Description

Out of memory

2 Protocol error

3 Invalid input parameters

4 Client not connected to broker

5 Broker refused connection

6 Callback function not registered for specified event
7 Lost connection to broker

8 TLS error

9 Payload size error

10 MQTT version error

11 User authentication error

12 Access Control List access denied
13 Unknown error

14 System err no error

15 Address information error

16 Proxy error

17 Plugin deferral

18 Malformed UTF-8 string

19 Keepalive timeout error

20 DNS lookup error
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21 Malformed MQTT packet

22 Duplicate property

23 TLS handshake error

24 Quality of Service (QoS) not supported
25 Oversize packet

26 Online Certificate Status Protocol (OCSP) error
27 Operation timed out

28 Retain not supported

29 Invalid topic alias

30 Administrative action

31 Iltem already exists

32 P-variable error

33 POSIX message queue error

34 Set login error

35 Connection timeout error

36 Already connected error

37 Attempted to log in while connected error
38 Already subscribed error

39 Already unsubscribed error

40 Invalid array length error

41 Other error

42 Reached maximum number of subscriptions

3 Dart Server

Error Code ID

Description

No error
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1 System errno error

2 Invalid Port Number

3 Unrecognized CPU type

4 Cannot add new socket

5 Requested data length exceeds maximum allocated size
6 Requested data exceeds user shared memory bounds

7 Requested data exceeds P-Variable bounds

8 Invalid command

4 OPC UA

Name Hexadecimal | Description

Bad 0x80000000 The value is bad but no specific reason is known

BadAggregateConfigurationRejected 0x80da0000 The aggregate configuration is not valid for specified node

BadAggregatelnvalidinputs 0x80d60000 The aggregate value could not be derived due to invalid
data inputs

BadAggregateListMismatch 0x80d40000 The requested number of Aggregates does not match the

requested number of Nodelds

BadAggregateNotSupported 0x80d50000 The requested Aggregate is not support by the server
BadAlreadyExists 0x81150000 An equivalent rule already exists
BadApplicationSignaturelnvalid 0x80580000 The signature generated with the client certificate is

missing or invalid

BadArgumentsMissing 0x80760000 The client did not specify all of the input arguments for the
method

BadAttributeldInvalid 0x80350000 The attribute is not supported for the specified Node

BadBoundNotFound 0x80d70000 No data found to provide upper or lower bound value

BadBoundNotSupported 0x80d80000 The server cannot retrieve a bound for the variable

BadBrowseDirectionlnvalid 0x804d0000 The browse direction is not valid

BadBrowseNameDuplicated 0x80610000 The browse name is not unique among nodes that share

the same relationship with the parent

BadBrowseNamelnvalid 0x80600000 The browse name is invalid

BadCertificateChainlncomplete 0x810d0000 The certificate chain is incomplete
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BadCertificateHostNamelnvalid 0x80160000 The HostName used to connect to a server does not
match a HostName in the certificate

BadCertificatelnvalid 0x80120000 The certificate provided as a parameter is not valid

BadCertificatelssuerRevocationUnknown 0x801c0000 It was not possible to determine if the issuer certificate has
been revoked

BadCertificatelssuerRevoked 0x801e0000 The issuer certificate has been revoked

BadCertificatelssuerTimelnvalid 0x80150000 An issuer certificate has expired or is not yet valid

BadCertificatelssuerUseNotAllowed 0x80190000 The issuer certificate may not be used for the requested
operation

BadCertificatePolicyCheckFailed 0x81140000 The certificate does not meet the requirements of the

security policy

BadCertificateRevocationUnknown 0x801b0000 It was not possible to determine if the certificate has been
revoked

BadCertificateRevoked 0x801d0000 The certificate has been revoked

BadCertificateTimelnvalid 0x80140000 The certificate has expired or is not yet valid

BadCertificateUntrusted 0x801a0000 The certificate is not trusted

BadCertificateUrilnvalid 0x80170000 The URI specified in the ApplicationDescription does not

match the URI in the certificate

BadCertificateUseNotAllowed 0x80180000 The certificate may not be used for the requested
operation
BadCommunicationError 0x80050000 A low level communication error occurred
BadConditionAlreadyDisabled 0x80980000 This condition has already been disabled
BadConditionAlreadyEnabled 0x80cc0000 This condition has already been enabled
BadConditionAlreadyShelved 0x80d10000 The condition has already been shelved
BadConditionBranchAlreadyAcked 0x80cf0000 The condition branch has already been acknowledged
BadConditionBranchAlreadyConfirmed 0x80d00000 The condition branch has already been confirmed
BadConditionDisabled 0x80990000 Property not available, this condition is disabled
BadConditionNotShelved 0x80d20000 The condition is not currently shelved
BadConfigurationError 0x80890000 There is a problem with the configuration that affects the

usefulness of the value

BadConnectionClosed 0x80ae0000 The network connection has been closed
BadConnectionRejected 0x80ac0000 Could not establish a network connection to remote server
BadContentFilterlnvalid 0x80480000 The content filter is not valid

BadContinuationPointinvalid 0x804a0000 The continuation point provide is longer valid
BadDataEncodinglnvalid 0x80380000 The data encoding is invalid
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BadDataEncodingUnsupported 0x80390000 The server does not support the requested data encoding
for the node

BadDataLost 0x809d0000 Data is missing due to collection started/stopped/lost

BadDataTypeldUnknown 0x80110000 The extension object cannot be (de)serialized because the
data type id is not recognized

BadDataUnavailable 0x809e0000 Expected data is unavailable for the requested time range
due to an un-mounted volume, an off-line archive or tape,
or similar reason for temporary unavailability

BadDeadbandFilterInvalid 0x808e0000 The deadband filter is not valid

BadDecodingError 0x80070000 Decoding halted because of invalid data in the stream

BadDependentValueChanged 0x80e30000 A dependent value has been changed but the change has
not been applied to the device. The quality of the dominant
variable is Bad

BadDeviceFailure 0x808b0000 There has been a failure in the device/data source that
generates the value that has affected the value

BadDialogNotActive 0x80cd0000 The dialog condition is not active

BadDialogResponselnvalid 0x80ce0000 The response is not valid for the dialog

BadDisconnect 0x80ad0000 The server has disconnected from the client

BadDiscoveryUrlMissing 0x80510000 No DiscoveryUrl was specified

BadDominantValueChanged 0x80e10000 The related EngineeringUnit has been changed but this
change has not been applied to the device. The Variable
Value is still dependent on the previous unit but its status
is currently Bad

BadDuplicateReferenceNotAllowed 0x80660000 The reference type between the nodes is already defined

BadEncodingError 0x80060000 Encoding halted because of invalid data in the objects
being serialized

BadEncodingLimitsExceeded 0x80080000 The message encoding/decoding limits imposed by the
stack have been exceeded

BadEndOfStream 0x80b00000 Cannot move beyond end of the stream

BadEntryExists 0x809f0000 The data or event was not successfully inserted because a
matching entry exists

BadEventFilterinvalid 0x80470000 The event filter is not valid

BadEventldUnknown 0x809a0000 The specified event id is not recognized

BadEventNotAcknowledgeable 0x80bb0000 The event cannot be acknowledged

BadExpectedStreamToBlock 0x80b40000 The stream did not return all data requested (possibly
because it is a non-blocking stream)

BadFilterElementinvalid 0x80c40000 The referenced element is not a valid element in the
content filter

BadFilterLiterallnvalid 0x80c50000 The referenced literal is not a valid value
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BadFilterNotAllowed 0x80450000 A monitoring filter cannot be used in combination with the
attribute specified

BadFilterOperandCountMismatch 0x80c30000 The number of operands provided for the filter operator
was less then expected for the operand provided

BadFilterOperandinvalid 0x80490000 The operand used in a content filter is not valid
BadFilterOperatorinvalid 0x80c10000 An unrecognized operator was provided in a filter
BadFilterOperatorUnsupported 0x80c20000 A valid operator was provided, but the server does not

provide support for this filter operator

BadHistoryOperationInvalid 0x80710000 The history details parameter is not valid
BadHistoryOperationUnsupported 0x80720000 The server does not support the requested operation
BadldentityChangeNotSupported 0x80c60000 The server does not support changing the user identity

assigned to the session

BadldentityTokenlInvalid 0x80200000 The user identity token is not valid

BadldentityTokenRejected 0x80210000 The user identity token is valid but the server has rejected
it

BadlndexRangelnvalid 0x80360000 The syntax of the index range parameter is invalid

BadlndexRangeNoData 0x80370000 No data exists within the range of indexes specified

BadlnsufficientClientProfile 0x807c0000 The client of the current session does not support one or

more Profiles that are necessary for the subscription

BadinternalError 0x80020000 An internal error occurred as a result of a programming or
configuration error

BadInvalidArgument 0x80ab0000 One or more arguments are invalid

BadlInvalidSelfReference 0x80670000 The server does not allow this type of self reference on
this node

BadlInvalidState 0x80af0000 The operation cannot be completed because the object is

closed, uninitialized or in some other invalid state

BadlnvalidTimestamp 0x80230000 The timestamp is outside the range allowed by the server

BadInvalidTimestampArgument 0x80bd0000 The defined timestamp to return was invalid

BadLicenseExpired 0x810e0000 The server requires a license to operate in general or to
perform a service or operation, but existing license is
expired

BadLicenseLimitsExceeded 0x810f0000 The server has limits on number of allowed operations /

objects, based on installed licenses, and these limits
where exceeded

BadLicenseNotAvailable 0x81100000 The server does not have a license which is required to
operate in general or to perform a service or operation

BadMaxAgelnvalid 0x80700000 The max age parameter is invalid

BadMaxConnectionsReached 0x80b70000 The operation could not be finished because all available
connections are in use
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BadMessageNotAvailable 0x807b0000 The requested notification message is no longer available

BadMethodInvalid 0x80750000 The method id does not refer to a method for the specified
object

BadMonitoredltemFilterinvalid 0x80430000 The monitored item filter parameter is not valid

BadMonitoredltemFilterUnsupported 0x80440000 The server does not support the requested monitored item
filter

BadMonitoredltemldinvalid 0x80420000 The monitoring item id does not refer to a valid monitored
item

BadMonitoringModelnvalid 0x80410000 The monitoring mode is invalid

BadNoCommunication 0x80310000 Communication with the data source is defined, but not
established, and there is no last known value available

BadNoContinuationPoints 0x804b0000 The operation could not be processed because all
continuation points have been allocated

BadNoData 0x809b0000 No data exists for the requested time range or event filter

BadNoDataAvailable 0x80b10000 No data is currently available for reading from a non-
blocking stream

BadNodeAttributesinvalid 0x80620000 The node attributes are not valid for the node class

BadNodeClasslnvalid 0x805f0000 The node class is not valid

BadNodeldExists 0x805e0000 The requested node id is already used by another node

BadNodeldInvalid 0x80330000 The syntax of the node id is not valid

BadNodeldRejected 0x805d0000 The requested node id was reject because it was either
invalid or server does not allow node ids to be specified by
the client

BadNodeldUnknown 0x80340000 The node id refers to a node that does not exist in the
server address space

BadNodeNotInView 0x804e0000 The node is not part of the view

BadNoDeleteRights 0x80690000 The server will not allow the node to be deleted

BadNoEntryExists 0x80a00000 The data or event was not successfully updated because
no matching entry exists

BadNoMatch 0x806f0000 The requested operation has no match to return

BadNoncelnvalid 0x80240000 The nonce does appear to be not a random value oritis
not the correct length

BadNoSubscription 0x80790000 There is no subscription available for this session

BadNotConnected 0x808a0000 The variable should receive its value from another
variable, but has never been configured to do so

BadNotExecutable 0x81110000 The executable attribute does not allow the execution of

the method
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BadNotFound 0x803e0000 A requested item was not found or a search operation
ended without success

BadNotimplemented 0x80400000 Requested operation is not implemented

BadNotReadable 0x803a0000 The access level does not allow reading or subscribing to
the Node

BadNotSupported 0x803d0000 The requested operation is not supported

BadNotTypeDefinition 0x80c80000 The provided Nodeid was not a type definition nodeid

BadNotWritable 0x803b0000 The access level does not allow writing to the Node

BadNothingToDo 0x800f0000 There was nothing to do because the client passed a list of
operations with no elements

BadNoValidCertificates 0x80590000 The client did not provide at least one software certificate
that is valid and meets the profile requirements for the
server

BadNumericOverflow 0x81120000 The number was not accepted because of a numeric
overflow

BadObjectDeleted 0x803f0000 The object cannot be used because it has been deleted

BadOperationAbandoned 0x80b30000 The asynchronous operation was abandoned by the caller

BadOutOfMemory 0x80030000 Not enough memory to complete the operation

BadOutOfRange 0x803c0000 The value was out of range

BadOutOfService 0x808d0000 The source of the data is not operational

BadParentNodeldlInvalid 0x805b0000 The parent node id does not to refer to a valid node

BadProtocolVersionUnsupported 0x80be0000 The applications do not have compatible protocol versions

BadQueryTooComplex 0x806e0000 The requested operation requires too many resources in
the server

BadReferencelLocalOnly 0x80680000 The reference type is not valid for a reference to a remote
server

BadReferenceNotAllowed 0x805c0000 The reference could not be created because it violates
constraints imposed by the data model

BadReferenceTypeldinvalid 0x804c0000 The reference type id does not refer to a valid reference
type node

BadRefreshinProgress 0x80970000 This Condition refresh failed, a Condition refresh operation
is already in progress

BadRequestCancelledByClient 0x802c0000 The request was cancelled by the client

BadRequestCancelledByRequest 0x805a0000 The request was cancelled by the client with the Cancel
service

BadRequestHeaderlnvalid 0x802a0000 The header for the request is missing or invalid

BadRequestinterrupted 0x80840000 The request could not be sent because of a network

interruption
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BadRequestNotAllowed 0x80e40000 The request was rejected by the server because it did not
meet the criteria set by the server

BadRequestNotComplete 0x81130000 The request has not been processed by the server yet

BadRequestTimeout 0x80850000 Timeout occurred while processing the request

BadRequestToolLarge 0x80b80000 The request message size exceeds limits set by the server

BadRequestTypelnvalid 0x80530000 The security token request type is not valid

BadResourceUnavailable 0x80040000 An operating system resource is not available

BadResponseToolarge 0x80b90000 The response message size exceeds limits set by the
client

BadSecureChannelClosed 0x80860000 The secure channel has been closed

BadSecureChannelldinvalid 0x80220000 The specified secure channel is no longer valid

BadSecureChannelTokenUnknown 0x80870000 The token has expired or is not recognized

BadSecurityChecksFailed 0x80130000 An error occurred verifying security

BadSecurityModelnsufficient 0x80e60000 The operation is not permitted over the current secure
channel

BadSecurityModeRejected 0x80540000 The security mode does not meet the requirements set by
the server

BadSecurityPolicyRejected 0x80550000 The security policy does not meet the requirements set by
the server

BadSempahoreFileMissing 0x80520000 The semaphore file specified by the client is not valid

BadSensorFailure 0x808c0000 There has been a failure in the sensor from which the
value is derived by the device/data source

BadSequenceNumberlnvalid 0x80880000 The sequence number is not valid

BadSequenceNumberUnknown 0x807a0000 The sequence number is unknown to the server

BadServerHalted 0x800e0000 The server has stopped and cannot process any requests

BadServerindexinvalid 0x806a0000 The server index is not valid

BadServerNameMissing 0x80500000 No ServerName was specified

BadServerNotConnected 0x800d0000 The operation could not complete because the client is not
connected to the server

BadServerUrilnvalid 0x804f0000 The ServerUri is not a valid URI

BadServiceUnsupported 0x800b0000 The server does not support the requested service

BadSessionClosed 0x80260000 The session was closed by the client

BadSessionldInvalid 0x80250000 The session id is not valid

BadSessionNotActivated 0x80270000 The session cannot be used because ActivateSession has

not been called
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BadShelvingTimeOutOfRange 0x80d30000 The shelving time not within an acceptable range

BadShutdown 0x800c0000 The operation was cancelled because the application is
shutting down

BadSourceNodeldInvalid 0x80640000 The source node id does not reference a valid node

BadStateNotActive 0x80bf0000 The sub-state machine is not currently active

BadStructureMissing 0x80460000 A mandatory structured parameter was missing or null

BadSubscriptionldinvalid 0x80280000 The subscription id is not valid

BadSyntaxError 0x80b60000 A value had an invalid syntax

BadTargetNodeldInvalid 0x80650000 The target node id does not reference a valid node

BadTcpEndpointUrlinvalid 0x80830000 The server does not recognize the QueryString specified

BadTcplnternalError 0x80820000 An internal error occurred

BadTcpMessageToolarge 0x80800000 The size of the message specified in the header is too
large

BadTcpMessageTypelnvalid 0x807e0000 The type of the message specified in the header invalid

BadTcpNotEnoughResources 0x80810000 There are not enough resources to process the request

BadTcpSecureChannelUnknown 0x807f0000 The SecureChannelld and/or Tokenld are not currently in
use

BadTcpServerTooBusy 0x807d0000 The server cannot process the request because it is too
busy

BadTimeout 0x800a0000 The operation timed out

BadTimestampNotSupported 0x80a10000 The client requested history using a timestamp format the
server does not support (i.e requested ServerTimestamp
when server only supports SourceTimestamp)

BadTimestampsToReturninvalid 0x802b0000 The timestamps to return parameter is invalid

BadTooManyArguments 0x80e50000 Too many arguments were provided

BadTooManyMatches 0x806d0000 The requested operation has too many matches to return

BadTooManyMonitoredltems 0x80db0000 The request could not be processed because there are too
many monitored items in the subscription

BadTooManyOperations 0x80100000 The request could not be processed because it specified
too many operations

BadTooManyPublishRequests 0x80780000 The server has reached the maximum number of queued
publish requests

BadTooManySessions 0x80560000 The server has reached its maximum number of sessions

BadTooManySubscriptions 0x80770000 The server has reached its maximum number of
subscriptions

BadTypeDefinitionlnvalid 0x80630000 The type definition node id does not reference an

appropriate type node
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BadTypeMismatch 0x80740000 The value supplied for the attribute is not of the same type
as the attribute's value

BadUnexpectedError 0x80010000 An unexpected error occurred

BadUnknownResponse 0x80090000 An unrecognized response was received from the server

BadUserAccessDenied 0x801f0000 User does not have permission to perform the requested
operation

BadUserSignaturelnvalid 0x80570000 The user token signature is missing or invalid

BadViewldUnknown 0x806b0000 The view id does not refer to a valid view node

BadViewParameterMismatch 0x80ca0000 The view parameters are not consistent with each other

BadViewTimestamplnvalid 0x80c90000 The view timestamp is not available or not supported

BadViewVersionlnvalid 0x80cb0000 The view version is not available or not supported

BadWaitingForlnitialData 0x80320000 Waiting for the server to obtain values from the underlying
data source

BadWaitingForResponse 0x80b20000 The asynchronous operation is waiting for a response

BadWouldBlock 0x80b50000 Non blocking behaviour is required and the operation
would block

BadWriteNotSupported 0x80730000 The server does not support writing the combination of
value, status and timestamps provided

Good 0 No Error

GoodCallAgain 0xa90000 The operation is not finished and needs to be called again

GoodClamped 0x300000 The value written was accepted but was clamped

GoodCommunicationEvent 0xa70000 The communication layer has raised an event

GoodCompletesAsynchronously 0x2e0000 The processing will complete asynchronously

GoodDatalgnored 0xd90000 The request specifies fields which are not valid for the
EventType or cannot be saved by the historian

GoodDependentValueChanged 0xe00000 A dependent value has been changed but the change has
not been applied to the device

GoodEdited 0xdc0000 The value does not come from the real source and has
been edited by the server

GoodEntrylnserted 0xa20000 The data or event was successfully inserted into the
historical database

GoodEntryReplaced 0xa30000 The data or event field was successfully replaced in the
historical database

GoodLocalOverride 0x960000 The value has been overridden

GoodMoreData 0xa60000 The data or event field was successfully replaced in the
historical database

GoodNoData 0xa50000 No data exists for the requested time range or event filter
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GoodNonCriticalTimeout 0xaa0000 A non-critical timeout occurred

GoodOverload 0x2f0000 Sampling has slowed down due to resource limitations

GoodPostActionFailed 0xdd0000 There was an error in execution of these post-actions

GoodResultsMayBelncomplete 0xba0000 The server should have followed a reference to a node in a
remote server but did not. The result set may be
incomplete

GoodShutdownEvent 0xa80000 The system is shutting down

GoodSubscriptionTransferred 0x2d0000 The subscription was transferred to another session

GoodWithOverflowBit No code Does not exist!

Uncertain 0x40000000 The value is uncertain but no specific reason is known

UncertainDataSubNormal 0x40a40000 The value is derived from multiple values and has less
than the required number of Good values

UncertainDependentValueChanged 0x40e20000 A dependent value has been changed but the change has
not been applied to the device. The quality of the dominant
variable is uncertain

UncertainDominantValueChanged 0x40de0000 The related EngineeringUnit has been changed but the
Variable Value is still provided based on the previous unit

UncertainEngineeringUnitsExceeded 0x40940000 The value is outside of the range of values defined for this
parameter

UncertainlnitialValue 0x40920000 The value is an initial value for a variable that normally
receives its value from another variable

UncertainLastUsableValue 0x40900000 Whatever was updating this value has stopped doing so

UncertainNoCommunicationLastUsableValue 0x408f0000 Communication to the data source has failed. The variable
value is the last value that had a good quality

UncertainNotAlINodesAvailable 0x40c00000 The list of references may not be complete because the
underlying system is not available

UncertainReferenceNotDeleted 0x40bc0000 The server was not able to delete all target references

UncertainReferenceOutOfServer 0x406c0000 One of the references to follow in the relative path
references to a node in the address space in another
server

UncertainSensorNotAccurate 0x40930000 The value is at one of the sensor limits

UncertainSubNormal 0x40950000 The value is derived from multiple sources and has less
than the required number of Good sources

UncertainSubstituteValue 0x40910000 The value is an operational value that was manually

overwritten
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