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Introduction

Introduction

Thank you for purchasing the CK3A Direct PWM Ampilifier.

This manual contains the necessary information for proper mounting, installation, wiring,
configuration, and troubleshooting of the CK3A Direct PWM Ampilifier.

This manual is intended for the following personnel, who must also have knowledge of electrical
systems, such as an electrical engineer or equivalent:

Personnel in charge of introducing FA systems.

Personnel in charge of designing FA systems.

Personnel in charge of installing and maintaining FA systems.

Personnel in charge of managing FA systems and facilities.

This User's Manual contains information that is critical for the correct use of the CK3A Amplifier.

Read this Manual in its entirety to gain full understanding of the proper method to use the CK3A
Amplifier. Keep this manual in a convenient place for quick reference, and make sure that it is
provided to the end-user.

The applicable part numbers for this manual are:
e CK3A-G305L
e CK3A-G310L
e CK3A-G320L

-—
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Manual Structure

Manual Stru

cture

Page Structure

The following page structure is used in this manual.

5 Software Configuration ¢— | eve| 1
heading
Level 2———» 5-3 Page Structure Sample
headlng The purpose of this page is to show the manual page structure, displaying:
+ Procedure steps format
+ Special precautions format
* The manual name
+ The section, and page number
ltem Description E
Sample tble first item Sample mble first item deseription g-‘— Level 2
Sample table second item Sample tble second item description H .
g heading
g
3
Level 3——> EillSmpieeaaing N —
: _ _ -—Page tab
headlng The g a sample p steps .
(section No.)
1 Sample procedure formatting step 1 %
Proced ure =——f—————p 2 Ssample procedure formatiing step 2 %“— Level 3
steps 3 Sample procedure formatting step 3 E heading
I Sample Heading
This is the content of a heading 4 sample
Special >
. . Additional information to read as required. This information is provided to increase
InfOI’matlon understanding or make operation easier.
Icons indicating
precautions, reference,
or additional information.
Manua| ——T—® cxsa-series birect PWM Amplifier User's Manual (0050) 5_23 —— Section -page
name numbers

Note this page illustration is only a sample. Its content is not information material, and it does not

appear in the manual

PMAC Script

This manual contains PMAC (language) script samples that can be used in the IDE software. These
script samples are enclosed in the following format.

GLOBAL MyVarl
GLOBAL MyVar2 = @

// Global variable 1
// Global variable 2
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Manual Structure

Special Information

Special information in this manual is classified as follow:

Precautions for Safe Use

Precautions on what to do and what not to do to ensure safe usage of the product.

[VI Precautions for Correct Use

Precautions on what to do and what not to do to ensure proper operation and performance.

Additional Information

Additional information to read as required. This information is provided to increase
understanding or make operation easier.
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Sections in this Manual

Sections in this Manual

Introduction to the Amplifier

Specifications

Mounting and Installation

Wiring

Software Configuration

Troubleshooting

Appendices

N
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Terms and Conditions Agreement

Terms and Conditions Agreement

Warranty, Limitations of Liability

I Warranties

® Exclusive Warranty
Omron’s exclusive warranty is that the Products will be free from defects in materials and
workmanship for a period of twelve months from the date of sale by Omron (or such other period
expressed in writing by Omron). Omron disclaims all other warranties, express or implied.

@ Limitations
OMRON MAKES NO WARRANTY OR REPRESENTATION, EXPRESS OR IMPLIED, ABOUT
NON-INFRINGEMENT, MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE OF
THE PRODUCTS. BUYER ACKNOWLEDGES THAT IT ALONE HAS DETERMINED THAT THE
PRODUCTS WILL SUITABLY MEET THE REQUIREMENTS OF THEIR INTENDED USE.
Omron further disclaims all warranties and responsibility of any type for claims or expenses based
on infringement by the Products or otherwise of any intellectual property right.

® Buyer Remedy
Omron’s sole obligation hereunder shall be, at Omron’s election, to (i) replace (in the form originally
shipped with Buyer responsible for labor charges for removal or replacement thereof) the non-
complying Product, (ii) repair the non-complying Product, or (iii) repay or credit Buyer an amount
equal to the purchase price of the non-complying Product; provided that in no event shall Omron be
responsible for warranty, repair, indemnity or any other claims or expenses regarding the Products
unless Omron’s analysis confirms that the Products were properly handled, stored, installed and
maintained and not subject to contamination, abuse, misuse or inappropriate modification. Return of
any Products by Buyer must be approved in writing by Omron before shipment. Omron Companies
shall not be liable for the suitability or unsuitability or the results from the use of Products in
combination with any electrical or electronic components, circuits, system assemblies or any other
materials or substances or environments. Any advice, recommendations or information given orally
or in writing, are not to be construed as an amendment or addition to the above warranty.

See http://www.omron.com/global/ or contact your Omron representative for published information.

I Limitation on Liability; Etc

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.

Further, in no event shall liability of Omron Companies exceed the individual price of the Product on
which liability is asserted.
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Terms and Conditions Agreement

Application Considerations

I Suitability of Use

Omron Companies shall not be responsible for conformity with any standards, codes or regulations
which apply to the combination of the Product in the Buyer’s application or use of the Product. At
Buyer’s request, Omron will provide applicable third party certification documents identifying ratings
and limitations of use which apply to the Product. This information by itself is not sufficient for a
complete determination of the suitability of the Product in combination with the end product, machine,
system, or other application or use. Buyer shall be solely responsible for determining appropriateness
of the particular Product with respect to Buyer’s application, product or system. Buyer shall take
application responsibility in all cases.

NEVER USE THE PRODUCT FOR AN APPLICATION INVOLVING SERIOUS RISK TO LIFE OR
PROPERTY WITHOUT ENSURING THAT THE SYSTEM AS A WHOLE HAS BEEN DESIGNED TO
ADDRESS THE RISKS, AND THAT THE OMRON PRODUCT(S) IS PROPERLY RATED AND
INSTALLED FOR THE INTENDED USE WITHIN THE OVERALL EQUIPMENT OR SYSTEM.

I Programmable Products

Omron Companies shall not be responsible for the user’s programming of a programmable Product,
or any consequence thereof.

Disclaimers

I Performance Data

Data presented in Omron Company websites, catalogs and other materials is provided as a guide for
the user in determining suitability and does not constitute a warranty. It may represent the result of
Omron’s test conditions, and the user must correlate it to actual application requirements. Actual
performance is subject to the Omron’s Warranty and Limitations of Liability.

I Change in Specifications

Product specifications and accessories may be changed at any time based on improvements and
other reasons. It is our practice to change part numbers when published ratings or features are
changed, or when significant construction changes are made. However, some specifications of the
Product may be changed without any notice. When in doubt, special part numbers may be assigned
to fix or establish key specifications for your application. Please consult with your Omron’s
representative at any time to confirm actual specifications of purchased Product.

I Errors and Omissions

Information presented by Omron Companies has been checked and is believed to be accurate;
however, no responsibility is assumed for clerical, typographical or proofreading errors or omissions.
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Terms and Conditions Agreement

12

Statement of security responsibilities for assumed use cases and
against threats

OMRON SHALL NOT BE RESPONSIBLE AND/OR LIABLE FOR ANY LOSS, DAMAGE, OR
EXPENSES DIRECTLY OR INDIRECTLY RESULTING FROM THE INFECTION OF OMRON
PRODUCTS, ANY SOFTWARE INSTALLED THEREON OR ANY COMPUTER EQUIPMENT,
COMPUTER PROGRAMS, NETWORKS, DATABASES OR OTHER PROPRIETARY MATERIAL
CONNECTED THERETO BY DISTRIBUTED DENIAL OF SERVICE ATTACK, COMPUTER
VIRUSES, OTHER TECHNOLOGICALLY HARMFUL MATERIAL AND/OR UNAUTHORIZED
ACCESS.

It shall be the users sole responsibility to determine and use adequate measures and checkpoints to
satisfy the users particular requirements for (i) antivirus protection, (ii) data input and output, (iii)
maintaining a means for reconstruction of lost data, (iv) preventing Omron Products and/or software
installed thereon from being infected with computer viruses and (v) protecting Omron Products from
unauthorized access.

CK3A-series Direct PWM Amplifier User’s Manual (0050)



Safety Precautions

Safety Precautions

To ensure safe and correct use of the CK3A Direct PWM Amplifier, the Safety Precautions section
must be read carefully and fully before installation and wiring. This User's Manual must be provided to
the end-user, and kept in a readily accessible location for reference.

Definition of Precautionary Information

The safety precautions described in this manual are extremely important for safety. Always read and
heed the information provided in all safety precautions.

The following notation is used to provide precautions required to ensure safe usage of the CK3A
Direct PWM Amplifier:

Indicates a potentially hazardous situation that, if not

A WARN | NG avoided, could result in death or serious injury. Additionally,

there may be severe property damage.

Definition of Symbols

This manual contains the following symbols:

The circle and slash symbol indicates operations that you must not do.
The specific operation is shown in the circle and explained in text.
This example indicates that disassembly is prohibited.

The triangle symbol indicates precautions (including warnings).
The specific operation is shown in the triangle and explained in text.
This example indicates a precaution for electric shock.

The triangle symbol indicates precautions (including warnings).
The specific operation is shown in the triangle and explained in text.
This example indicates a precaution for fire.

The triangle symbol indicates precautions (including warnings).
The specific operation is shown in the triangle and explained in text.
This example indicates a precaution for burning.

The triangle symbol indicates precautions (including warnings).
The specific operation is shown in the triangle and explained in text.
This example indicates a general precaution.

The filled circle symbol indicates operations that you must do.
The specific operation is shown in the circle and explained in text.
This example shows a general precaution for something that you must do.

SbepkPD>e
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Safety Precautions

Precautionary Information

lllustrations contained in this manual sometimes depict conditions without covers and safety shields
for the purpose of showing the details. When you use this product, be sure to install the covers and
shields as specified and use the product according to this manual.

I Transporting and Unpacking

/\ WARNING

When transporting the Amplifier, do not carry it by the cables.
Doing so may result in injury, unit damage, or malfunction.

Do not step on the Amplifiers or place heavy articles on it.
Doing so may result in injury, unit damage, or malfunction.

> >

I Installation, Wiring and Maintenance

/\ WARNING

Connect this Amplifier to power supplies, Motor, and other equipment correctly according
to the instructions in this manual. Not doing so may result in serious injury.

Use an appropriate External Shunt Resistor. Install an external protective device such as
temperature sensor to ensure safety when using the External Shunt Resistor.
Not doing so run the risk of burnout.

Install the product and peripheral equipment on non-flammable materials such as metals.
Not doing so may cause a fire.

Follow the instructions in this manual to correctly perform terminal block and connector
wiring and insertion. Double-check all wiring and connector insertion before turning ON
the power supply. Not doing so may result in electric shock, fire, equipment damage,
malfunction, or injury.

Do not damage, pull, bend strongly, or put excessive stress or heavy objects on the
cables. Doing so may cause malfunction or burning.

B o Pee
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Safety Precautions

Do not place flammable material near the Amplifier or peripheral equipment.
Doing so may cause a fire.

Do not apply AC power to the Amplifier if the low voltage short-circuit wire (CN1) is
installed. Doing so may cause damage, malfunction, or injury.

Make sure that the Amplifier (and Motor) are tied to ground using 100Q or less
connection. Not doing so may cause electric shock.

Do not remove any of the Amplifier covers.
Doing so may cause electric shock.

Use appropriate tools to wire terminals and connectors. Make sure that there is no short-
circuit before use. Not doing so may cause electric shock.

Connect the frame ground wire of the Motor cable securely to the @ or FG of the
Amplifier. Not doing so may cause electric shock.

Provide safety measures, such as a fuse, molded case circuit breaker, or Earth Leakage
Circuit Breaker to protect against short circuiting of external wiring and failure of the
product. Not doing so may cause a fire.

> BB B> BB

The CK3A series provides solid state short circuit protection, so the end product
assembly shall be marked: Integral solid state short circuit protection does not provide
branch circuit protection. Branch circuit protection must be provided in accordance with
the National Electrical Code and any additional local codes,or the equivalent.

>

| sTo

/\ WARNING

The feedback circuit of STO MUST be connected to a suitably rated external SIL 3
protection device with minimum diagnostic coverage in order to guarantee SIL 3
protection level.

Not doing so may cause damage, malfunction, or injury.

&

Although most of the time commanding only one of STO input will be sufficient to activate
STO, for safety operation both inputs STO IN1 and STO IN2 must be commanded
individually. Not doing so may cause damage, malfunction, or injury.

Do NOT short STO IN1 and STO IN2

24V _Return logic power supply.

The 24V_Return of source voltage for STO input should be connected to the CK3A 0
Not doing so may cause damage, malfunction, or injury.
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Safety Precautions

I Software Configuration

A WARNING

thermal protection including Motor([x].12tSet, Motor[x].12tTrip, and Motor[x].MaxDac are

Make sure that the Motor-specific protection parameters in the Controller, especially 12T 0
set correctly. Not doing so may result in Motor burning, fire, or serious injury.

I While Main Power Is applied

/\ WARNING

Before carrying out wiring or inspection, turn OFF the main circuit power and wait for at
least 5 minutes. Not doing so may cause electric shock or burning.
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Safety Precautions

I Fail-safe Measures

A WARNING

Provide safety measures, such as cutting OFF main circuit power, in external circuits to
ensure safety in the system if an Amplifier error or abnormality occurs due to malfunction
of the products or due to other external factors affecting operation. Not doing so may
result in serious accidents.

Emergency stop, interlock, limit circuits and similar safety measures must be provided in
external control circuits. Not doing so may result in serious accidents.

You must take fail-safe measures to ensure safety in the event of incorrect, missing, or
abnormal signals caused by broken signal lines, momentary power interruptions, or other
causes. Not doing so may result in serious accidents.

For vertical axes, use brake or counter-balance mechanism to prevent them from falling
down when the servo control is stopped. Not doing so may result in serious injury.

See e

I Test Run

/\ WARNING

Program the Amplifier properly according to the instructions in this and related manual.
Not doing so may result in equipment damage.

Always confirm safety when replacing the Power PMAC Controller, or changing the
configuration (from the IDE software). Devices or machines may perform unexpected
operation regardless of the operating mode of the product.

Not doing so may result in equipment damage, malfunction, or injury.

B[

CK3A-series Direct PWM Amplifier User’s Manual (O050) 17



Safety Precautions

18

I During Operation

A WARNING

Do not enter the machine operating area during operation.
Doing so may cause injury.

Do not touch the Amplifier heatsink, Shunt Resistor, or Motor while the power is supplied
or for at least 5 minutes after the power had been turned OFF because they get hot.
Doing so may cause fire or a burn injury.

Take appropriate measures to ensure that the specified power with the rated voltage is
supplied. Be particularly careful in locations where the power supply is unstable.
Not doing so may cause failure.

When the power is restored after a momentary power interruption, the machine may
restart suddenly. Do not come close to the machine when restoring power. Doing so
may cause injury. Implement measures to ensure safety of people nearby even when
the machine is restarted.

Do not plug/unplug any connection to the Amplifier while main circuit power is ON.
Doing so may cause failure, equipment damage, or serious injury.

The Amplifier does not error if the Controller is sending Motor commands while the
Motor connector is unplugged. Do NOT plug the Motor connector until you make sure
that the Controller is not sending Motor commands or main circuit power is OFF.
Doing so may cause failure, equipment damage, or serious injury.

Do not enable the Motor during Soft Start. Wait a minimum of 5 seconds before enabling
the Motor after turning main AC power ON.
Doing so may cause failure, equipment damage, or serious injury.

HEEA A4l d e
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Precautions for Safe Use

Precautions for Safe Use

I Transporting

¢ Do not drop any unit or subject it to abnormal vibration or shock.

Doing so may result in unit malfunction, burning, or electric shock.

I Mounting

o Be sure to observe the mounting direction and clearance with the surroundings.

e Check that terminal blocks, connectors, and other locking devices are properly latched before use.

I Installation

¢ Do not block the intake or exhaust openings. Malfunction, operation stop, or equipment damage
may result.

¢ Do not allow foreign objects to enter the Amplifier.
¢ Do not operate or store in the following locations:

a) Locations subject to direct sunlight

b) Locations subject to temperatures outside of the range specified in the specifications
c) Locations subject to humidity outside of the range specified in the specifications

d) Locations subject to condensation (e.g. severe changes in temperature)

e) Locations subject to corrosive or flammable gases

f) Locations subject to dust (especially iron dust) or salts

g) Locations subject to exposure to water, oil, or chemicals

h) Locations subject to shock or vibration

Doing so may result in electric shock, fire, equipment damage, or malfunction.

I Wiring
o Follow the instructions in this manual to correctly perform terminal block and connector wiring and
insertion. Double-check all wiring and connector insertion before turning ON the power supply.

¢ Do not pull on the cables or bend them beyond their natural limit.
¢ Do not place heavy objects on top of the cables or other lines. Doing so may break the cables.

¢ Do not allow wire clippings, shavings, or other foreign material to enter the Amplifier. Otherwise,
Amplifier burning, failure, or malfunctions may occur. Cover the Amplifier or take other suitable
countermeasures, in particular when carrying out wiring work.

e Use a cable track or appropriate mechanism to separate moving and fixed parts of the system.
¢ Connect the Amplifier to the Motor without a contactor or other electrical relay device.
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Precautions for Safe Use

I Power Supply Design

o Power supply must be within the rated capacity range specified in this manual.
¢ Install external breakers and take other safety measures against short-circuit and over-current.

¢ Do not apply voltages in excess of the range specified in this manual.

I Motor Selection

o Check the specifications carefully before selecting a Motor to be connected to the Amplifier.

I Software Configuration

o Make sure that the Amplifier-specific parameters in the Controller, described in the Software
Configuration section of this manual, are set correcitly.

¢ Make sure that the Motor-specific protection parameters in the controller are set correctly. In
particular, I2T thermal protection settings.

I Turning Power ON

¢ Be sure that the terminal blocks, connectors, and other items with locking or screwing devices are
correctly locked into place before turning the power ON.

e Following, is the correct procedure for turning the Amplifier ON:

1 Turn ON 24VDC logic power first (always before main circuit power)
2 Wait a minimum of 10 seconds for the Amplifier to boot up
3 Turn ON main circuit power (e.g. 200VAC)

4 wait a minimum of 5 seconds
¢ When the Amplifier is booting up, do NOT turn ON main power or issue any command to the
Amplifier from the controller.

¢ Before turning main circuit power ON, make sure that the controller is not sending any Motor
command to the Amplifier.

o After turning main circuit power ON, allow a minimum of 5 seconds before sending any Motor
commands from the controller to the Amplifier.

Not doing all of the above can cause serious injury, equipment damage, or malfunction.

I While Power is ON

¢ Do not touch the Amplifier heatsink, Shunt Resistor, or Motor while the power is supplied or for at
least 5 minutes after the power had been turned OFF because they get hot. Doing so may cause
fire or a burn injury.

¢ If an error occurs, remove the cause of the error and ensure safety before performing reset and
restarting system. Not doing so may cause damage, malfunction, or injury.
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Precautions for Safe Use

I Turning Power OFF

¢ Following, is the correct procedure for turning the Amplifier OFF:

1 Turn OFF main circuit power (e.g. 200VAC) — always before 24VDC logic power

2 ifthe Amplifier is programmed (set up by the strobe word in the Controller) to discharge
capacitor energy, wait a minimum of 3 seconds.

3 Turn OFF 24VDC logic power.

¢ Always turn OFF power before attempting to perform any of the following:

a) Mounting or removing the units.
b) Connecting cables or wiring the system.
c) Connecting or disconnecting the terminal blocks or connectors.

Not doing all of the above can cause serious injury, equipment damage, or malfunction.

I Maintenance

¢ Do not use corrosive chemicals to clean the Amplifier. Doing so may result in failure or malfunction
of the Amplifier.

¢ Dispose of the product according to local ordinances as they apply.
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Precautions for Correct Use

Precautions for Correct Use

I General Precaution

o Take appropriate and sufficient countermeasures when installing the Amplifier in the following
locations.

a) Locations subject to strong, high-frequency electromagnetic noise
b) Locations subject to static electricity or other forms of noise

c) Locations subject to strong electromagnetic fields

d) Locations subject to possible exposure to radioactivity

e) Locations close to power lines

I Installation and Mounting

¢ Follow the instructions in this manual for proper installation of the Amplifier.
o Use the specified tightening torque for mounting the Amplifier.
o Tighten the mounting screws for the product and peripheral equipment to the specified torque.

o Take appropriate and sufficient countermeasures when installing the Amplifier in the following
locations.

a) Locations subject to strong, high-frequency electromagnetic noise
b) Locations subject to static electricity or other forms of noise

c) Locations subject to strong electromagnetic fields

d) Locations subject to possible exposure to radioactivity

e) Locations close to power lines

¢ Install the Amplifier away from sources of heat and ensure proper ventilation.

¢ After installing or replacing the product, check the operation sufficiently before moving to the actual
operation.

Not doing all of the above may result in injury, equipment damage, malfunction or fire.

22
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Precautions for Correct Use

I Wiring

o Wire the cables correctly and securely.

o Carefully perform the wiring and assembling.

e Use crimp terminals to wire screw type terminal blocks. Do not connect bare stranded wires directly
to terminals blocks.

¢ Always use the power supply voltage specified in the manual.

e When constructing a system that includes safety functions, be sure you understand the relevant
safety standards and all related information in user documentation, and design the system to
comply with the standards.

¢ Disconnect all connections to the Amplifier before attempting a megger test (insulation resistance
measurement) on the Amplifier. Do not perform a dielectric strength test on the Amplifier.

o Keep conductive or flammable foreign objects such as screws, metal pieces, and oil out of the
Amplifier and connectors. Pay particular attention to the connectors on the top part of the Ampilifier.

o Wear protective equipment when installing or removing connectors, especially pay attention to the
main circuit connector. Do not apply a force after the protrusion of the connector opener reaches
the bottom dead center. (As a guide, do not apply a force of 100 N or more).

¢ Do not apply excessive force to wire terminals and connectors.

Not doing all of the above may result in injury, equipment damage, malfunction or fire.

I Power ON/OFF

¢ Do not cycle ON/OFF main circuit power if logic power is OFF.

o After turning logic power ON, wait 10 seconds before turning ON main circuit power.

I Adjustment

o If a problem occurs in communications to the controller or the computer during a test operation, you
have no means to stop the Motor. Connect an externally installed emergency stop switch, etc. to
the Error Stop Input of the general-purpose input so that the Motor can be stopped without fail.

¢ Do not try to adjust parameters to extreme values in the controller. This may make the operation
unstable.

Not doing all of the above may result in injury, equipment damage, malfunction or fire.
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Precautions for Correct Use

I Operation

¢ Make sure the connectors are firmly plugged in, and the terminal block are tightly screwed in.

¢ Install a proper stopping device on the machine to ensure safety. The dynamic brake mechanism is
not a stopping device.

¢ Install an immediate stop device externally to the machine so that the operation can be stopped and
the power supply is cut off immediately.

o After an earthquake, lightning, flooding, or power surge be sure to conduct safety checks.
¢ Do not place flammable material near the Amplifier.

¢ Do not use the cable when it is laying in oil or water.

o If the Amplifier fails, cut off the power supply to the Amplifier at the power source.

e Turn OFF the power supply when not using the Amplifier for a prolonged period of time.

o Immediately stop the operation and turn OFF the power supply when unusual smell, noise,
smoking, abnormal heat generation, or vibration occurs.

o Use the appropriate External Shunt Resistor. Install an external protective device such as
temperature sensor to ensure safety when using the External Shunt Resistor.

¢ Not doing all of the above may result in injury, equipment damage, malfunction or fire.

I Maintenance and Troubleshooting

¢ Always turn OFF power before attempting to perform any of the following:

a) Mounting or removing the units.
b) Connecting cables or wiring the system.
c) Connecting or disconnecting the terminal blocks or connectors.

¢ Not doing all of the above can cause serious injury, equipment damage, or malfunction.

¢ Do not attempt to disassemble, repair, or modify the Amplifier. Doing so may result in damage,
malfunction, or injury.
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Precautions for Correct Use

I Location of Warning Label

The Amplifier bears a warning label at the following location. Be sure to observe the instructions
provided on this label.

Warning label location

® Instructions on Warning Display

WARNING

Read user's manual before installation.
RISK OF DAMAGE OR INJURY!

Power off discharge time is 5 minutes.
Wait until discharged before service.

RISK OF ELECTRIC SHOCK!

Connect to ground.
RISK OF ELECTRIC SHOCK!

Hot metal surface.
RISK OF BURN!

Note the above is an example of warning display.
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Precautions for Correct Use

I Location of Display Code

The Amplifier bears a display code label at the following location. This is intended for quick reference.
Refer to the troubleshooting section of this manual for display code details.

Display code label location

® Information on Display code

DISP.|STATUS
- | IDLE, DISABLED
0.|ENABLED
LOW VOLTAGE MODE
LOW VOLTAGE, ENABLED
MAIN POWER ERROR
SOFT START OVERLOAD
SHUNT SHORT-CIRCUIT
SHUNT OVERLOAD
OVER-VOLTAGE
SAFE TORQUE OFF (STO)
OVER-TEMPERATURE
INTEGRATED CURRENT (2T)
ADC OFFSET ERROR
OUTPUT SHORT CIRCUIT
QUTPUT OVERLOAD
PWM FREQ. ERROR
PWM CMD SATURATION
ADC CLK ERROR

vlo|o|>|>|>]|>|>]|>|>]|>|Z|>]|>|r]|r
wlinl=2|r|ojv]e|v]|jajuls|lw|v]=]o

I Disposal

Dispose of in accordance with WEEE Directive.
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Items to Check after Unpacking

Items to Check after Unpacking

After you unpack the product, check the following items:
e Is this the model you ordered?

e Was there any damage sustained during shipment?

Location of Nameplate

The Amplifier bears a nameplate label at the following location.

Nameplate location

Amplifier model

Amplifier rating

195w

Regulations and
Standards

Lot number and
serial number

Note nameplate example for CK3A-G305L model.
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Items to Check after Unpacking
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Accessories

The Amplifier comes with the following accessories:

¢ Instruction Manual x 1 copy

¢ Warning label x 1 sheet

¢ General Compliance Information and instructions for EU x 1 copy

o Attached connectors (See table below)

When UL/CSA certification is required, attach the warning label to a place around the Ampilifier.

Connectors, mounting screws, mounting brackets, and other accessories than those in the table
below are not supplied. They must be procured by the customer.

Main Power Control Power Motor STO PWM
Model Connector Connector Connector Connector Connector/Cable
(CN1) (CN2) (CN3) (CN4) (CN5)
CKB3A-G305L
CK3A-G310L Included Included Included Included NOT Included
CK3A-G320L

If any item is missing or a problem is found such as Amplifier damage, contact your local OMRON
dealer or sales office where the product was purchased.
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Regulations and Standards

Regulations and Standards

This section describes the standards applicable to the CK3A Direct PWM Ampilifier.

Item Standard

EMC Directive EN61800-3 second environment
Low Voltage Directive EN61800-5-1 C2 category
Functional Safety EN61800-5-2 SIL3 (STO)

RoHS EN IEC 63000

Item Standard
UL Safety Standards UL 61800-5-1
CSA Standards CSA C22.2 No. 274

Item Standard

UKCA 2016 No. 1091
UKCA 2016 No. 1101
EMC Directive 2016 No. 1091
Low Voltage Directive 2016 No. 1101
Functional Safety 2008 No. 1597
RoHS 2012 No. 3032

Item Standard
Immunity Standard for Industrial Environments KS C 9610-6-2

Emission Standard for Industrial Environments KS C 9610-6-4

N
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Regulations and Standards
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When you use the Amplifier in South Korea, observe the following precautions.

o] /171 G AANA NS HH O g E e RA
44 Aol A Ageke S durel $evt Ay

This product meets the electromagnetic compatibility requirements for business use. There is a risk of
radio interference when this product is used in home.
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Versions

Versions

The CK3A Direct PWM Amplifier uses unit version. Unit versions are useful to manage differences in
product modifications, upgrades etc...

Hardware Version

The hardware unit version of the CK3A Direct PWM Amplifier is displayed on the nameplate.

Nameplate location Amplifier version

©omRon
CK3A-G305L

DIRECT PWM AMPLIFIER

39VAC 3¢
5A

195w

Firmware Version

The amplifier firmware version can be retrieved per the instructions in the Software Configuration
section of this manual.
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Related Manuals
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Related Manuals

The following, are related manuals for reference. Contact your local OMRON representative for

procuring them.

Manual Name Cat. No.

CK3A-series Direct
PWM Amplifier User’s
Manual (this manual)

0050

CK3M-series 0036
Programmable Multi-

Axis Controller

Hardware User’s

Manual

Power PMAC
Software Reference
Manual

0015

Power PMAC User’s
Manual

0014

Power PMAC IDE
User Manual

0016

ACC-24E3 Hardware
Reference Manual

MN-000253

Application

Learning about the
specifications,
including installation,
wiring, basic software
configuration,
maintenance, and
troubleshooting.

Learning the basic
specifications of the
CK3M, including
introductory
information, design,
installation, and
maintenance. Mainly
hardware information.

Learning the command
set and structure
elements of the Power
PMAC Controller.

Learning the features
and usage examples
of the Power PMAC
Controller.

Learning how to use
the integrated
development
environment IDE of the
Power PMAC
Controller.

Learning the basic
specifications of the
UMAC accessory
ACC-24E3, including
introductory
information, design,
installation,
maintenance.

Description

¢ Introduction to the Amplifier

o Configuration, features, and specifications
¢ Mounting, installation and wiring

» Basic software configuration

e Maintenance, and troubleshooting

o Features and system configuration
¢ Introduction

¢ Part names and functions

e General specifications

o Installation and wiring

¢ Maintenance and inspection

e Power PMAC Data structure

e List and description of all commands

o List and description of all ASIC, Coordinate
System and Motor structure elements,
including CK3M and UMAC

o Parameter settings relevant to the Amplifier
¢ Motor basic functions

e Encoder configuration examples

o Motor setup examples

e Power PMAC programming examples

¢ Operating procedures of the Power PMAC
IDE software

¢ Configuration of the Direct PWM Amplifier
using system setup

o Features and system configuration
e Introduction

¢ Part names and functions

o General specifications

e Installation and wiring
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TERM

Power PMAC

CK3M

UMAC

Gate3
Controller
Amplifier

IDE

F.LA.

IPM

FPGA

ADC

ADC Strobe Word
PWM

Direct PWM

Main circuit power
Logic power

Bus voltage

PLC

12T

ECT

Terminology

Terminology

DESCRIPTION

e PMAC is the acronym for Programmable Multi-Axis Controller
o Power refers to the generation of the CPU at the time of creation of this manual

CK3M-series Programmable Multi-Axis Controller (Power PMAC CPU inside)

e Acronym for Universal Machine and Automation Controller
¢ Typically, rack containing the Power PMAC CPU and other accessories
e Originally designed by Delta Tau Data Systems, Inc.

Delta Tau ASIC in CK3M/UMAC axis servo card which can have Direct PWM option
In this manual, used as a short for the Power PMAC Controller w/ Gate3 ASIC
In this manual, used as a short for the CK3A Direct PWM Amplifier

e Acronym for Integrated Development Environment
e The primary software that is used to program the Power PMAC Controller

Acronym for Full Load Amperage

e Acronym for Intelligent Power Module
¢ In this manual, refers to the power electronic circuit of the Amplifier

Field Programmable Gate Arrays

¢ Analog to Digital Converter
¢ In this manual, refers to the ADC current sensors in the Amplifier

Refers to Power PMAC structure element AdcAmpStrobe
Acronym for Pulse Width Modulation

In this manual, refers to the Controller-CK3A interface
Refers to the AC main power supply to the Amplifier
Refers to the 24VVDC control power supply to the Amplifier
Refers to the DC bus voltage inside the Amplifier

e Acronym for Programmable Logic Controller
e In this manual, referring to a Power PMAC PLC program

Thermal protection model, can refer to Amplifier built-in 12T or PMAC configurable 12T

Acronym for Encoder Conversion Table
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Manual Revision History

Manual Revision History

A manual revision code appears as a suffix to the catalog number on the front and back covers of the

manual.
Cat. No.|O050-E1-05
L Revision code
Revision code Date Revised Content
01 April 2022 Original production
02 April 2022 UKCA Update
03 March 2023 Corrected UL Marking
04 January 2024 Additional Safety Information and Appendix
05 February 2025 CK3A-G320L Update
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Introduction to the Amplifier
I

This section describes the features, overall configuration, name of each part, and operating procedure
of the CK3A Direct PWM Amplifier.

g T © 1§ 4 1 - 1-2
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L 7 = o U o 1o 1-8
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1 Introduction to the Amplifier

1-1 Outline

This section describes the features and basic configuration of the CK3A Direct PWM Ampilifier.

1-1-1  Amplifier Features

I About

The CK3A Direct PWM (hereinafter referred to occasionally as Amplifier) is a line of Amplifier
products designed to interface with Digital Direct PWM servo cards, typically integrated with OMRON
and Delta Tau Data systems, Inc. (hereinafter referred to as Delta Tau) series of Turbo (legacy) and
Power PMAC controllers.

I Ultra-Low Latency Servo Control

This Amplifier, using Digital Direct PWM, takes the actual power-transistor ON/OFF signals directly
from the Controller via ASIC (DSPGATE) machine interface while providing digital phase-current
feedback and status for closed-loop servo control.

This architecture offers one of the fastest Controller-Amplifier interface for industrial applications,
allowing ultra-fast servo update rates.

I Flexibility

The CK3A Amplifier, combined with the flexibility of Power PMAC Controller and the ability to
interface with various encoder feedback devices, allows the support of the following types of Motors:

e AC/DC synchronous brushless (rotary or linear) — e.g. servo Motor.
e DC Brushed — e.g. voice coil actuator.

e AC asynchronous — e.g. Induction Motor (contact support for setting up this type of Motor).

I Amplifier Features

¢ Nano-scale linear servo positioning accuracy

e High PWM frequency — up to 20 KHz

¢ High resolution current sensing — 16-bit ADCs

¢ High speed current ADC clocking— up to 6.125MHz

e Dual STO inputs

e STO status output

¢ Basic functions — Energy discharge, dynamic braking, fan control

¢ Basic Data reporting — DC bus voltage, power module temperature, firmware version
e Dual 7-segment LED status display

o Built-in or external shunt resistor

o Support of low voltage main power operation in CK3A-G305L and CK3A-G320L
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1 Introduction to the Amplifier

1-1-2 Typical Configuration

The CK3A Direct PWM Amplifier connects to the CK3M or UMAC Controller via PWM cable.
e The Motor connects directly to the CK3A Direct PWM Amplifier.

e The encoder connects directly to the Controller.

aupno L-1

Power PMAC Controller (PWM)

N}
Direct PWM % 5
Cable 27 5
: g/ 0
= S
UMAC Series, ACC-24E3 f’ 2 &
3-4002A5050-0010] 5
| —
CK3A-G300L
Motor Cable
CK3M Series,
CK3W-AXO3030
Encoder Cable
1-3
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1 Introduction to the Amplifier

1-1-3 Part Names and Locations

I CK3A-G305L

Main power supply
& shunt resistor connector (CN1)

Logic power connector (CN2)

@Terminal

—— 7-segment LED display

L |=— PWM connector (CN5)

—— STO connector (CN4)

—— Display code (label)

@Terminal
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1 Introduction to the Amplifier

1-1 Outline I 1-1-3 Part Names and Locations

Motor connector (CN3)

@Terminal

CK3A=G3
DIRECT PWM
AMPLIFIER

OMRON

Control power LED indicator
Amplifier enabled LED indicator

C777777

@

-
-«

L L M)

STO

STO LED indicator

NN

(SIS[S]S]S)(

Shunt LED indicator

BUS

Bus (charge) LED indicator
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1 Introduction to the Amplifier

I CK3A-G310L and CK3A-G320L

Main power supply
& shunt resistor connector (CN1)

Logic power connector (CN2)

®@Terminal

—— 7-segment LED display

A Y

{[{=—— PWM connector (CN5)

<«———— STO connector (CN4)

AR Y

—— Display code (label)

@Terminal

ke
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1 Introduction to the Amplifier

1-1 Outline I 1-1-3 Part Names and Locations

®Terminal

Motor connector (CN3)

()

N

CK3A-G3
DIRECT PWM

AMPLIFIER

n

RO

om

Logic power LED indicator

Amplifier enabled LED indicator

-
-«

STO LED indicator

AL )
==
NN~

[eisisisie)

Shunt LED indicator

Bus (charge) LED indicator
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1 Introduction to the Amplifier

1-1-4 Part Functions

I Status LED Indicators

The following LED indicators are located on the front of the Amplifier:

Name Color Description

PWR Green Indicates the logic power supply status
ENA Green Indicates the amplifier enabled status
SHU Yellow Indicates if shunt operation is active
STO Red/Green Indicates STO input status

BUS Red Indicates bus charge status

For details, refer to the troubleshooting section.

I 7-segment LED Displays

Dual 7-segment displays are located on the front of the Amplifier. These displays report Amplifier
operation and error status. On power-up, the 7-segment displays scroll through all indicators six
times. More details about error codes can be found in the troubleshooting section.

N
(L,

Additional Information

When the Amplifier is OFF, it may be difficult to see the indicators. The displays may
appear as solid white surface.

I Main Circuit and Shunt Connector (CN1)

The CN1 connector is used for the following functions:

® CK3A-G305L (10-pin)
¢ Main circuit power supply connection
¢ Internal shunt resistor connection (by short-circuit wire), or external shunt resistor connection
e Low voltage mode (by short-circuit wire)

® CK3A-G310L and CK3A-G320L (6-pin)

¢ Main circuit power supply connection
¢ Internal shunt resistor connection (by short-circuit wire), or external shunt resistor connection
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1 Introduction to the Amplifier

I Logic Power Supply Connector (CN2)
The CN2 connector (3-pin) is used to supply 24VDC logic power to the Amplifier.

I Motor Connector (CN3)

The CN3 connector is used to connect the Motor to the Amplifier. It is a 3-pin connector for the CK3A-
G305L model and 4-pin connector for the CK3A-G310L and CK3A-G320L models.

aupno L-1

I Safe Torque OFF Connector (CN4)

The CN4 connector (5-pin) is used to disable or connect the STO input(s), and STO status output.
The short-circuit wire to disable the STO is installed on the connector from the factory.

I Direct PWM Connector (CN5)

The CN5 connector (36-pin) is used to connect the Amplifier to the Controller. This is a pre-configured

suonound Jed y-1-1

cable connector.

I Ground Terminals

Following, are the location and number of ground @ terminals of the Amplifier:

Location No. of Terminals Suggested Use

Top 1 Protective earth PE of main circuit power input
Front 2 Frame Ground FG inside the control panel
Bottom 1 Frame Ground FG of Motor cable and shield
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1 Introduction to the Amplifier

1-2 Operating Procedure

This section describes the necessary steps to integrate the CK3A Direct PWM Amplifier into a

system.

Item

Power PMAC Controller
Logic power supply

Main circuit power supply
Motor specifications

Dimensions, panel size and location

Reference

Must have PWM Option shown in system configuration

Must be within the specifications stated in this manual

Must be within the specifications stated in this manual

Must be within needed operating conditions and Amplifier specifications

Must be within conditions and specifications stated in this manual

Item
Overall Safety
Warnings and Cautions Review

Design

Reference
Determining safety measures based on risk assessment
Notifications stated in Safety Precautions section of this manual

Design safety measures based on overall machine safety, and warnings

Item

Mounting

Wiring

Reference

Follow mounting guidelines described in this manual
e Ergonomic and environmental location

e Mounting direction

¢ Single-unit clearance

o Multi-unit clearance

Use wiring diagrams and guidelines described in this manual
o Safety measures

e Correct pinout

* Wire gauges

e Ergonomic cable management

Item
Safety Test
Precautions for Safe Use

Turn power ON

Reference
Test ON/OFF safety measures implemented (e.g. STO, E-Stop)
Review Precautions for Safe Use section of this manual

Referring to Turning Power ON procedure in Precautions for Safe Use
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1 Introduction to the Amplifier

1-2-5 Controller Settings for Amplifier

Precautions for Safe Use

This step should be performed with the main circuit power OFF.

ainpasold BunesadQ z-1

Item Reference

e Install the Power PMAC IDE Software on the computer in use

Preparation
P e Identify the list of related manuals described in this manual

¢ Establish communication between the Power PMAC and IDE Software
e Load existing project or start from factory default settings
¢ Use related manuals to the Controller form factor or IDE system setup

Power PMAC
Controller

Implement Encoder specific configuration and settings using encoder specification sheet

Encoder Settings and related manuals

Amplifier settings Implement Amplifier specific settings described in this manual

Implement Motor specific configuration and settings using Motor specification sheet and

Motor Settings related manuals

Joydwy 1oy sBuIPeS J9JI0AUOD G-g-|

1-2-6 Test Run

Item Reference
Verify encoder feedback Using related hardware or user’'s manual

e Enable ON and OFF (open loop) with current loop gains in controller set to zero

Enable ON/OFF
¢ Make sure there are no Amplifier faults per status display described in this manual
Motor Setup Using related hardware, user's manual, or IDE system setup

Servo ON/OFF

Servo ON/OFF Check Motor operation

Additional Information

Alternately, this step can be performed using the automatic system setup in the IDE.
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1 Introduction to the Amplifier
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Specifications
I

This section describes the general specifications of the CK3A Direct PWM Amplifier.

2-1  Amplifier Specifications ... ——— 2-2
2-1-1 General/MECNANICAL ...........ciuiiiiii i 2-2
2-1-2 ENVIFONMENTAL ...t 2-2
N T [ 4 T~ | S PPEE 2-3
D =Y 0] 0 0 = g T SR 2-5
2-1-5 Regenerative Energy AbSOrpLioN .........oocuiiiiiiiiii e 2-6
2-2 Functions and Data Reporting..........ccccviiiiiiiiiiin 2-10
2-2-1 AmpIifier FUNCHONS ... e e 2-10
2-2-2 Data REPOITING ..ottt ettt sb e et e e e sbeee e 2-11
2-2-3 StAtUS BilS ... i e e e e 2-11
2-3 Part Number Designation........cccueeeiiiiiiiiiiinrscss s 2-12
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2 Specifications

2-1  Amplifier Specifications

2-11

2-1-2

This section describes the general, mechanical, environmental, functions, and electrical specifications

of the Amplifier.

General/Mechanical

Item

Number of axes
Enclosure
Protective case
Grounding

Vibration resistance

Air flow clearance

Mounting screws tightening torque

Cooling
CK3A-G305L
Weight CK3A-G310L
CK3A-G320L
CK3A-G305L
Dimensions CK3A-G310L
CK3A-G320L
Environmental
Item

Operating ambient temperature
Operating ambient humidity
Storage ambient temperature
Storage ambient humidity
Operating and storage atmosphere
Maximum operating altitude

Pollution Degree

Specification

1

Panel mount

IP20 (built into IP54 panel)

200V class D grounding, 100 Q or less

10 to 60 Hz at an acceleration of 5.88 m/s? or less
(Not to be run continuously at the resonant frequency)

Refer to installation section

1.2 Nm

Natural convection and built-in fan
1.81kg

2.67 kg

2.77kg

212.5x65.0 x 180.0 mm

238.0 x 90.0 x 180.0 mm

238.0 x 90.0 x 180.0 mm

Specification

O0to55°C

10 — 90 % RH (without condensation or icing)
-25t070 °C

10 — 90 % RH (without condensation or icing)
Must be free of corrosive gases

2,000 m

2
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2 Specifications

2-1-3  Electrical

The following section details the key electrical specifications for each of the CK3A-G3CL Amplifiers.

e
>
Item Unit CK3A-G305L CK3A-G310L CK3A-G320L 3
> Voltage VDC 24" g
o S
% % Current consumption A 1.5 §,
O = o
= £ Inrush current A 2.5 gé"
8 @
Inrush time msec 5
Voltage VAC 240 + 5%
3-Phase AC F.LA. Arms 6 11 18
- > Frequency Hz 50 /60 o
5 2 . AN
3 e 240 £ 5% 0,727 &
£ 3 Voltage VAC 110 + 5% 240 + 5% m
[ []
S ¢ TPhaseAC ¢ A Arws 10.5 19.5 28 2
=3 8
Frequency Hz 50/60 -
. Voltage VvDC 48 - 100 £ 10%®
1-Phase DC*
F.LA A 6 - 19
Rated Current Arwms 5 10 20
Maximum (peak) Current Arvs 10 20 60
Maximum Rated Power
(3-Phase AC) w 1195 2390 4400
5 Maximum Rated Power W 1195 2390 4400
£ (1-Phase 240VAC)
© Maximum Rated Power W 550 1095
(1-Phase 110VAC) )
Maximum Rated Power
(1-Phase DC) w 195 ] 1600
Time at Peak Current sec 2
Current feedback resolution bits 16
s é Maximum current ADC reading A 15.735 31.470 93.844
St
o g Minimum PWM deadtime usec 2 3
PWM Frequency kHz 8-20 8168
« 5 Internal shunt resistor - 25Q30W 17Q80W
S5 »
53
&  External shunt resistor - 20Q60W 17Q60W

*1. The range of acceptable variation for the Logic Power Supply input voltage is 22.0 — 26.4VDC.

*2. The range of acceptable variation for this Main Circuit input voltage is 170 — 252VAC.

*3. The range of acceptable variation for this Main Circuit input voltage is 85 — 170VAC.

*4. All models require the ADC Strobe Word set to operate with low voltage (1-Phase DC) main power input.
*5. The range of acceptable variation for this Main Circuit input voltage is 44 — 60VDC.

*6. The range of acceptable variation for this Main Circuit input voltage is 90 — 110VDC.

*7. The CK3A-G320L may require derating on maximum rated power with some (1-Phase AC) Main Circuit input
voltages. Refer to the diagram on the following page showing the derating amount at 25°C.

*8. The CK3A-G320L may require derating on maximum rated power if PWM frequency over 10kHz is used. Refer
to the diagram on the following page showing the derating amount.
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2 Specifications

Power Output (kW)

=

Additional Information

In addition to configuring the ADC Strobe Word, the CK3A-G310L requires a special part
number and factory modification to operate with low voltage (48VDC) main power input.
Contact your local Omron representative for this option.

I Power Output De-Rating by 1-Phase Input Voltage (CK3A-G320L Only)

4.5

3.5

2.5

1.5

0.5

0

4.4

3.4

1¢ VAC, 25C
(12kHz PWM)

170

180 190 200 210 220 230 240
Main Input Voltage (VAC)

I Power Output De-Rating by PWM Frequency (CK3A-G320L Only)

Power Output (kW)

3¢ 240VAC, 25C

\ ]_d) 240VAC, 55C

100 VDC, 55C

4.5 -
) \
4 1 \
3¢ 240VAC, 55C
3.8
3.5 4
3.5
3 _
2.5 +
2 _
> T 16
1 _
0.5 +
0 } T } T } } }
8 9 10 11 12 13 14 15 16

PWM Frequency (kHz)
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2-1-4

Performance

Precautions for Safe Use

2 Specifications

Install a proper stopping device on the machine to ensure safety. The dynamic brake
mechanism is not a stopping device.

Precautions for Safe Use

Install a proper stopping device on the machine to ensure safety. The dynamic brake
mechanism is not a stopping device.

Specification

STO input to power drivers OFF
Overcurrent 12T to IPM OFF
Phase short to IPM OFF
Current loop response time

Dynamic brake relay response time

12T time to Amplifier OFF

Soft start time

Hold at momentary power interruption

DC Bus discharge time with bus discharge ON
(Discharge to less than 36VDC)

DC Bus discharge time with bus discharge OFF
(Discharge to less than 36VDC)

Current ADC clock frequency range

Time between main circuit power cycles with
bus discharge ON

Time between main circuit power cycles with
bus discharge OFF

CK3A-series Direct PWM Amplifier User’s Manual (0050)

Value

< 150 msec
<10 msec
< 3 usec
<1 msec

< 20 msec

<2.5sec

< 650 msec
10 msec
<25sec

<5 min
<5 min
<6 min

2.450 - 6.250 MHz

1 min minimum

10 sec minimum

Notes

A8 fault

AC fault

1 mH 3-Ph brushless Motor Y-winding
Mechanical relay time constant

CK3A-G305L: At 200% output
CK3A-G310L: At 200% output
CK3A-G320L: At 300% output

Do not enable Amplifier during soft
start

3-ph 208VAC @ rated load
Forced discharge to shunt resistor

Natural discharge, CK3A-G305L
Natural discharge, CK3A-G310L
Natural discharge, CK3A-G320L
Set in Controller

To prevent overloading the soft start
or discharge circuitry

To prevent overloading the soft start
circuitry

suoeoyoadg Jeydwy |-z
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2 Specifications

2-1-5 Regenerative Energy Absorption

The Amplifier has built-in capacitors, which absorb the regenerative energy produced during
motor deceleration and dynamic braking due to counter EMF. When the built-in capacitors cannot
absorb all regenerative energy, the Internal (or external) shunt resistor absorbs the rest of the energy.

If the amount of regenerative energy from the Motor is too large, the regeneration operation is
stopped, and the Motor is disabled with an overvoltage error (A5) in order to prevent the internal
shunt resistor from burning.

If the continuous duration of regeneration exceeds 2 seconds, the regeneration operation is stopped,
and the Motor is disabled with a shunt overload error (A3) to prevent overheating and damage. If this

happens, it is recommended to allow 5 minutes for cool down.

If these cases occur, the regenerative energy produced by the Motor must be reduced. The
calculation of the regenerative energy and recommendations are described in this section.

I Amplifier Internal Regeneration Absorption Capacity

The following table shows the Amplifier power, internal shunt resistor specifications, regenerative
power absorption capacity and maximum duration. These values are based on a 200VAC main power

supply.
Model CK3A-G305L  CK3A-G310L CK3A-G320L
Rated RMS power [W] 1195W 2390W 4400W
Internal shunt resistor specification 25Q 30w 17Q 80W
Built-in capacitors absorption energy [J] 46J 62J
Internal shunt resistor average regeneration energy [W] 18W 32W
Maximum duration of continuous regeneration [sec] 2 sec 2 sec
Minimum allowable shunt resistance [Q] 20Q 15Q
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2 Specifications

I Regenerative Energy Calculation

. . N
® Horizontal Axis N
>
+S1 3
5&
. Positive speed w
Motor operation (speed) Negative speed 'c:,
-52 8
=
3
2
TD,
TD1 EgZ
Motor torque output
Eex
|<—1—>|t PERCEN
»i T »

Symbol Description

S1, 82 Motor speed at the start of deceleration [r/min] for rotary Motor, [m/s] for linear Motor
TD1, TD2 Deceleration torque [N.m]

t, t2 Deceleration time [s]

uondiosqy ABisug aanelausbay G-|-g

The regenerative energy absorption Eg+, and Egz [J] can be calculated as follows.

Rotary Motor Regenerative Energy [J] Linear Motor Regenerative Energy [J]
1 2 1

EgI:Ex?ngleDlxtl Ey =5 xSIxTyx,
1 2n

Eg2=§><%><82><TD2><t2 Egzzéxsszzxt2

I% Additional Information

Because of Motor winding resistance, the actual regenerative energy will be
approximately 90% of the calculated values.
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2 Specifications

® Vertical Axis

+S1
. Upward
Motor operation (speed) 5 r
ownwar

-S2

TD,
TCZ E

TD, Egn e

Motor torque output
q p E.. I

< t > < t71 »le t77 >

S1, 82 Motor speed at the start of deceleration [r/min] for rotary Motor, [m/s] for linear Motor

A
4

Symbol Description

TD1, TD2 Deceleration torque [N.m]

TC2 Downward constant-speed torque [N.m]
t1, t2 Deceleration time [s]
t21 Downward constant-speed time [s]

The regenerative energy absorption for each area Eg1, Eg21, and Egz2[J] can be calculated as

follows.
Rotary Motor Regenerative Energy [J] Linear Motor Regenerative Energy [J]
E1=l><2—n><Sl><TDl><t1 Egl=1><S1><TD1><t1
£ 2 60 2
E, = 2%x$2xTC E,, =S2xTC, xt
gZI_@X x TG, Xty 21~ 2 X1y
1 2n 1
g22=5><6—0><S2><TD2><‘[22 Eg22=5><S2><TD2><t22

Eg2 = Eg2l + Eg22

Note that the total regenerative energy in the downward movement is Egz = Eg21 + EQ22.

% Additional Information

Because of Motor winding resistance, the actual regenerative energy will be
approximately 90% of the calculated values.
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2 Specifications

I Necessary Regeneration Energy vs. Amplifier Absorption Capacity

If both of the previously calculated regenerative energy Eg1, and Eg2 [J] values are smaller than or

equal to the Amplifier's capacitors regenerative absorption capacity Ec [J], then there is nothing to do. ™
>
3
However, if either Eg1 or Eg2 [J] is larger than the Amplifier's capacitors regenerative absorption %
capacity Ec [J], then use the following equation to calculate the average regenerative power Pr [W]. )
Eg = (Eq1 — Ec) + (Eg2 — Ec) [J] 8
Pr=Eg/TI[W] 3
Symbol Description
Pr Average regenerative power absorption in one cycle of operation [W]
Eqg Regenerative energy absorption in one cycle of operation [J]
Ec Built-in capacitors absorption energy [J]
T Operation cycle time [s]

Note If (Eg1 — Ec), or (Eg2 — Ec) £ 0, then use 0.

If the average regenerative power P:[W] is less than or equal to the average regenerative power of
the Amplifier’s built-in resistor, then there is nothing to do.

However, if the average regenerative power P:[W] is greater than the average regenerative power of
the Amplifier’s built-in resistor, then one or more of the following measures can be taken.

uondiosqy ABisug aanelausbey G-|-g

e Connect an external shunt resistor.

¢ Decrease the motion profile speed. The regenerative energy is proportional to the square of the
Motor speed.

¢ Decrease the motion profile deceleration time, thus reducing the regenerative energy per unit time.

¢ Increase the operation cycle time, allowing more time between consecutive moves.
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2 Specifications

2-2 Functions and Data Reporting

The CK3A Direct PWM Amplifier interfaces with the Controller via PWM cable.
The Amplifier has functions that can be configured by the Controller. Also, data and status bits that
can be read in the Controller.

|E| Precautions for Correct Use

If the PWM cable is unplugged or logic power is OFF, the functions, data and status
information is not accessible.

% Additional Information

o The Amplifier data reporting is not intended for real-time use. Depending on the method
of acquisition from the Controller, and number of channels, the update rate can be in the
hundreds of milliseconds in some cases.

e The Amplifier data reporting is intended for general purpose use during programming,
troubleshooting, or machine operator status display.

e The Amplifier functions and data reporting are controlled by the setting of the ADC Strobe
Word in the Controller.

2-2-1  Amplifier Functions

The following, are the Amplifier functions.

Item Function Options

o Automatic (by Amplifier firmware) OR

Cooling fan control
"9 o Always ON

o Let Motor coast (free run) after servo OFF (or error) event OR

Dynamic brake control
Y * Make Motor come to a stop after servo OFF (or error) event

Clear fault function Process of clearing Amplifier faults (using ADC Strobe Word)

Normal AC input (per specifications) OR
Low voltage mode control = e Low voltage 48VDC main circuit power input (only for CK3A-G305L)
e Low voltage 100VDC main circuit power input (only for CK3A-G320L)

* Do not dissipate residual energy when main power circuit is turned OFF OR

Bus discharge control
° » Dissipate residual energy when main power circuit is turned OFF

|E| Precautions for Correct Use

Dynamic braking is only intended to stop the Motor in the case of a fault condition. Do not
KILL (servo OFF) frequently a Motor in motion if the dynamic brake function is ON.
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2 Specifications

2-2-2 Data Reporting

R

The Amplifier can report (to the Controller) the following data. §
%-’.

Item Specification .
DC bus voltage Reports the DC link bus voltage in VDC ‘3;
Power module temperature Reports the power module temperature in °C g’
Firmware version Reports the Amplifier firmware version -g
Current rating Reports the current rating of the Amplifier in Amperes §

2-2-3  Status Bits

The Amplifier can report (to the Controller) the following status bits.

X
Status Bits Set 1 Status bits Set 2 Status Bits Set 3 §
Main power circuit fault Main power circuit status 12T integrator status ;’j
Soft start fault Over temperature fault ADC offset fault %
STO status Shunt overload fault Amplifier ready status 3
Shunt short fault PWM frequency fault -
Over voltage fault PWM command fault -
12T Fault Amplifier enabled status -

Short circuit fault - -

Overload fault - -
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2 Specifications

2-3 Part Number Designation

This section shows the part number designation.

I Amplifier Part Number

C

K

3

A

_

05:

5A Continuous/10A Peak

10:

10A Continuous/20A Peak

20:

20A Continuous/60A Peak
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Mounting and Installation
I

This section describes the mounting and installation methods of the CK3A Direct PWM Amplifier. All
dimensions given in millimeters.

3-1 External and Mounting Dimensions...........ccccociiiiininninnnnnnnnnns 3-2
3-1-1 CK3A-G305L Dimensions and Mounting............cceeeveeiiiiiiiieiee e 3-2
3-1-2 CK3A-G310L and CK3A-G320L Dimensions and Mounting ..........ccccoeveveiniiineennene 3-3
3-2  Installation...........ccooiiii e 3-4
K V=Y 3] - 1o o SR 3-4
3-2-2 PaNEl ClEAIANCE ......cooeeeieiiiee ettt et e e e e e e e e e e e e e e snn e e e e e e e e e e e nnnreaneeaaes 3-4
3-2-3 MOUNEING DIFECHON ....ccoiiiiiii i 3-6
3-2-4 Installation CoNdItIONS.........eiiiiiieie e e 3-7
3-2-5 Keeping Foreign Objects Out of UNitS ..........cceeiiiiiiiiiiiie e 3-7
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3 Mounting and Installation

3-1 External and Mounting Dimensions

3-1-1 CK3A-G305L Dimensions and Mounting

I External Dimensions

65 212.5

M4

T . 3.5
du \E I ﬁAIfOut >l
000 % il i

AMPLIFTER

cow= O x

BRC AE  Te

180

WARNING

Rsad usar's manual befors Installxtion,
FISK OF DAMAGE OR ILIURY |

Fower off discherge time [s & minutes.
Walt

until dischargsd before servics,
RISK OF ELECTRIC SHOCKI
Cor i,

nnect to gromd.
FilBK DF ELECTRIC SHOCK!

Hot menalsurface.
B\ | riex oF uRN

ﬁAirln g\ M4

I Mounting Dimensions

2-M4
q{ A

[

n =3

o ]

+I i

o

~N

-
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[

0  50:0.5 | |7.5

65
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3 Mounting and Installation

3-1-2 CK3A-G310L and CK3A-G320L Dimensions and Mounting

I External Dimensions

90 238

% g ‘ "
. 5.5

! i Air Out

I = %‘é u | - air ou

i
280
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w
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@
9
3
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3
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o
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w

\@ﬂéﬁo
.

180

WARNING
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A
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A
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3
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3
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3 Mounting and Installation

3-2 Installation

3-2-1 Ventilation

Install the Amplifier according to the dimension specifications shown below. Ensure proper dissipation
of heat from the Amplifier and convection inside the panel. If the Amplifiers are installed side by side,
install a ventilation system or fan for air circulation to prevent uneven temperatures inside the panel.

3-2-2 Panel Clearance

I Single-Unit Installation

Ci

C.

A

| ce u= %

A

WARNING

Cs

Air

Front View Side View
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3 Mounting and Installation

I Multi-Unit Side-by-side

~EEEET
T v o
ce k=~ X

w
N
5
7]

28
L
o)
=
o

=1

Ll

i

w
N
NS
Ai S
i 3
o
o
(0]
Front View Side View S
3
(]
® CK3A-G305L
Dimension Minimum Distance [mm]
T (top) 110
B (bottom) 110
S (side) 10
C4 70
C. 100
Cs 70

® CK3A-G310L and CK3A-G320L

Dimension Minimum Distance [mm]
T (top) 140

B (bottom) 140

S (side) 10

C1 100

C. 100

Cs 100
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3 Mounting and Installation

3-2-3 Mounting Direction

The Amplifier should be mounted vertically in the gravity direction where the bottom is parallel to the
floor.

T
I o O O I 1 |
= I

nnin
omman ‘:\ coaas
DIRECTPWM
AMPLIFIER
o
B

s (@]
_ B=8

ﬁAir ouT ===
o o

Direction

= = \ Gravity

L
% ] N
? Alr N Bottom of Amplifier
Front View Side View
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3 Mounting and Installation

3-2-4 Installation Conditions

e The panel environmental (such as operating temperature and humidity) conditions must abide by
the environmental specifications stated in this manual. Operating the Amplifier outside of these
conditions may result in malfunction.

Dimension Distance

Operating ambient temperature 0 to 55°C

Operating ambient humidity 90% maximum (with no condensation) g

Operating atmosphere Without corrosive gases i

Operating altitude 1,000 m maximum §={_
]
=1

o When the Amplifiers are installed side by side in a closed space, such as a drawer, the ambient
temperature may increase due to heat dissipation from each unit. Use a fan or air conditioner to
sustain the specified operating ambient temperature.

e Operating in an environment where temperature rise is minimal is recommended to maintain a high
level of reliability.

¢ The use of the Amplifier continuously in a hot environment shortens its lifetime. Use a fan or air
conditioner to maintain the ambient temperature at or below 40°C.

¢ Install the Amplifier on a vertical metal surface.
e Remove any surface paint to provide electrical conductivity.

&
N
A
=3
7]
28
QL
)
=
o
=]
O
o)
=]
o
=
o
=]
»

o Apply conductive plating when using a custom mounting bracket.
e The recommended tightening screw for mounting the Amplifier is 1.2 Nm.

¢ Make sure that the threaded portion of the mounting screws has sufficient depth to withstand the
weight of the Amplifier and recommended torque.

3-2-5 Keeping Foreign Objects Out of Units

e Take measures during installation and operation to keep foreign objects such as metal particles,
debris, oil, machining oil, dust, or water out of the Amplifier.

e Place a cover over the Amplifier or take other preventative measures to keep foreign objects, such
as drill filings, out of the Amplifier during installation. Be sure to remove the cover after installation is
complete. If the cover is left on during operation, heat dissipation from the Amplifier is blocked,
which may result in malfunction.
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3 Mounting and Installation

3-8 CK3A-series Direct PWM Amplifier User’s Manual (0050)



Wirng

This section describes the wiring methods of the CK3A Direct PWM Amplifier.
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4 Wiring
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4-1 Main Circuit Power and Shunt (CN1)

4 Wiring

4-1-1 Connector Pinout

I CK3A-G305L

Mating Connector Spring Opener
TE Connectivity PN 1981045-1

10-pin receptacle
TE Connectivity PN 1-2134249-0

Pin Symbol Description and Specifications
1 L1 Main circuit power supply input.
¢ 3-phase 240VAC 50/60Hz across L1-L2-L3
2 L2 e 1-phase 110VAC or 240VAC 50/60Hz across L1-L2, leave L3 floating (open)
3 L3 ¢ 1-phase 48VDC across L1-L2, leave L3 floating (open)
4 NC Not connected (leave floating)
5 NC
6 B1 Shunt resistor terminals.
¢ For internal shunt resistor, short-circuit B2-B3, leave B1 floating
7 B2 o For external shunt resistor, connect resistor between B1-B2, leave B3 floating
8 B3
9 LV1 Low voltage operation.
e Short-circuit LV1-LV2 for 48VDC operation™
10 Lv2 e Leave floating (open) for 1- or 3-phase AC operation

*1. Must also set ADC Strobe Word for low voltage mode in the controller.

Precautions for Safe Use

Do not apply AC power if the low voltage short-circuit wire is installed.

% Additional Information

Connector is shipped with short-circuit wire B2-B3 installed for internal shunt resistor.

CK3A-series Direct PWM Amplifier User’s Manual (0050)
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4 Wiring

I CK3A-G310L and CK3A-G320L

Mating Connector Spring Opener
TE Connectivity PN 2260828-1

6-pin receptacle
TE Connectivity PN 6-2260663-1

L5 W =3

Pin Symbol Description and Specifications
1 L1 Main circuit power supply input.
2 L2 ¢ 3-phase 240VAC 50/60Hz across L1-L2-L3
3 3 ¢ 1-phase 110VAC or 240VAC 50/60Hz across L1-L2, leave L3 floating (open)
4 B3 Shunt resistor terminals.
5 B2 » For internal shunt resistor, short-circuit B2-B3, leave B1 floating (open)
6 B1 ¢ For external shunt resistor, connect to B1-B2, leave B3 floating (open)

% Additional Information

Connector is shipped with short-circuit wire B2-B3 installed for internal shunt resistor.

4-1-2 Wire size

m Precautions for Correct Use

Use cable wires rated to 600VAC or higher for single or three-phase AC main circuit power.

The recommended wire gauges for the main circuit power supply, internal resistor short-circuit wire,
and low voltage mode short-circuit wire are shown below.

Item CK3A-G305L CK3A-G310L CK3A-G320L
Main circuit power and internal AWG 18 - 14 AWG 12-8 AWG 10-8
resistor short-circuit wire 0.75 - 2.5 mm? 4 — 10 mm? 6 — 10 mm?
Protective earth @ AWG 12, 2.5 mm? AWG 8, 10 mm?

Screw size M4

Tightening torque 1.2 Nm

Note For the external shunt resistor, use the built-in wires provided with the resistor.
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4 Wiring

4-1-3 Wiring Examples

I Three-Phase AC

The Amplifier is designed to operate with three-phase AC main circuit power input. The following
diagram depicts this wiring scheme.

CK3A-G3[1[L Three-phase Main Circuit Input

T S R

———————————————————— MCCB (Fuse)

(LND) unys pue Jamod Jnouid Ulep L-

SS: Surge suppressor
X: Amplifier fault relay

r Noise Filter Main circuit contactor
Ground to OFF ON X
100 Q or less .4h\[
ST
L1
SS

1MC [Ss] IS
%)
s
1MC 1MC: Magnetic contactor =
8
3
T
&

CK3A-G3[L
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4 Wiring

I Single-Phase AC

The Amplifier can operate with single-phase AC main circuit power input. The following diagram
depicts this wiring scheme.

CK3A-G3[1[]L Single-phase Main Circuit Input

T R

,,,,,,,,,, MCCB (Fuse)

N Fil Main circuit contactor
oise Filter
L ] OFF ON X

Grouind to .
100 Q or less LLJ j H
L]

1MC

1MC: Magnetic contactor
SS: Surge suppressor
X: Amplifier fault relay

1MC

Ground to

100 Q or less
@ al

CK3A-G3L[IL

I DC Input (Low Voltage Mode) for CK3A-G305L

The CK3A-G305L can operate with low voltage (48VDC) main circuit power input. The following
diagram depicts this wiring scheme.

Precautions for Safe Use

Do not apply AC power if the low voltage short-circuit wire is installed.
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4 Wiring

|E| Precautions for Correct Use

The ADC Strobe Word setting in the controller must be set accordingly for successful low
voltage operation.

N

=

CK3A-G305L DC Main Circuit Input 2

Q

AC g

Source 3

Q

=

e

g

1MC a

,,,,,,,,,, 2]

>0

c

2

(@

Z

DC ~
Power Supply Ground to

100 Q or less

O
MCCB (Fuse) _

so|dwex3 BulIpy €L

Ground to
@ % 100 Q orless
L

Low voltage mode

CK3A-G305L
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4 Wiring

I DC Input (Low Voltage Mode) for CK3A-G320L

The CK3A-G320L can operate with low voltage (100VDC) main circuit power input. The following
diagram depicts this wiring scheme.

|E| Precautions for Correct Use

The ADC Strobe Word setting in the controller must be set accordingly for successful low
voltage operation.

CK3A-G320L DC Main Circuit Input

AC
Source
1MC
DC
Power Supply 1 Groundto
= 100 Q orless
MCCB (Fuse) | CN1
]
O L1
QL2 Ground to
100 Q or less
b @™
jj
O, ,,,,,,,,,,,,
\j
CK3A-G320L

4-8 CK3A-series Direct PWM Amplifier User’s Manual (0050)



4 Wiring

I Shunt Resistor Wiring

The following diagrams show the internal and external shunt resistor wiring configurations.

® CK3A-G305L

Internal Shunt Resistor External Shunt Resistor

External CN1
shunt resistor 6

Ground to
100 Q or less

Ground to
100 Q or less

@ &

CK3A-G305L CK3A-G305L

(LND) Unys pue Jamod Inoii) Uley |-

i; Precautions for Correct Use

The wire between B2 and B3 for use with the Internal Shunt Resistor is pre-installed on the £
CN1 mating connector. To use an External Shunt Resistor, remove this wire. ;
é:
® CK3A-G310L and CK3A-G320L m
Internal Shunt Resistor External Shunt Resistor §
8
2 4
External
Ground to shunt resistor Ground to
100 Q or less 100 Q or less
Internal shunt ®
resistor @ i @ Oi

K3A- L
CK3A-G3L10 CK3A-G300L

iy Precautions for Correct Use

The wire between B2 and B3 for use with the Internal Shunt Resistor is pre-installed on the
CN1 mating connector. To use an External Shunt Resistor, remove this wire.
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4 Wiring

4-2 Logic Power Supply (CN2)
421  ComnectorPinout

Mating Connector

3-pin terminal block
Phoenix Contact PN 1754571

3 2 1
R

ODT PN 016-175457-1P3 ===
Pin Symbol Description and Specifications
1 24VDC
Logic power supply input.
2 oV
3 NC Not connected (leave floating)

The recommended wire gauge for the logic power supply input is AWG 20 — 16, 0.5 — 1.5 mm?2.

CN2

24VDC ()—_l'
24 VDC
T

ovae

1

NC ©

CK3A-G3LI[L
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4 Wiring

4-3 Motor Connection (CN3)

4-3-1 Connector Pinout

I CK3A-G305L

Mating Connector Spring Opener

TE Connectivity PN 1981045-1
ODT PN 100-000032

3-pin receptacle
TE Connectivity PN 3-2229794-1
ODT PN 017-000002

(END) uonoauUoD JoJoN €-F

N

@

@)

o

3

Pin Symbol Description and Specifications 3
o

1 u Motor phases output terminals. ZU.
2 Vv e For brushless Motor, connect U, V, and W §

e For brushed Motor, connect U and W, leave V floating (open)

|E| Precautions for Correct Use

Connect the Motor frame ground to the protective earth @ mountings of the Amplifier.

Precautions for Safe Use

The Amplifier does not error if the Controller is sending Motor commands while the Motor
connector is unplugged. Do NOT plug the Motor connector until you make sure that the
Controller is not sending Motor commands or main power is disconnected.
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4 Wiring

I CK3A-G310L and CK3A-G320L

Mating Connector Spring Opener

TE Connectivity PN 2260828-1
ODT PN 100-000033

4-pin receptacle
TE Connectivity PN 4-2260663-1
ODT PN 017-000001

Pin Symbol Description and Specifications
1 FG Motor phases output terminals.
2 u e FG is frame ground, tie Motor frame ground wire to this terminal
3 Vv e For 3-phase brushless Motor, connect U, V, and W
4 W e For 2-phase brushed Motor, connect U and W, and leave V floating (open)

4-3-2 Wire Size

The recommended wire gauges for the Motor phase terminals and frame grounds are shown below.

Item CK3A-G305L CK3A-G310L CK3A-G320L
Main circuit power and AWG 18 - 14 AWG 14 -8 AWG 12-8
short-circuit wire 0.75 - 2.5 mm? 2.5-10 mm? 4-10 mm?
Protective earth @ AWG 12, 4 mm?
Screw size M4
Tightening torque 1.2 Nm
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4-3-3 Wiring Examples

I CK3A-G305L

4 Wiring

® Brushless Motor

o=l

Ground to
: 100 Q or less
L

CK3A-G305L

® Brushed Motor

Ground to
100 Q or less
@ L

CK3A-G305L
I CK3A-G310L and CK3A-G320L

® Brushless Motor

Ground to
100 Q or less
o YL
CK3A-G310L
©® Brushed Motor
Ground to
100 Q or less
Do—

CK3A-G310L
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4 Wiring

4-4 Safe Torque OFF STO (CN4)

4-4-1 Connector Pinout

Mating Connector

5-pin terminal block
Phoenix Contact PN 1745920
ODT PN 040-000005

Pin Symbol Description and Specifications

1 STO OUT Safe Torque Off STO control terminals.
e To disable the STO function; Short-circuit STO OUT and STO DIS, leave all other
2 STO DIS terminals floating (open). This wire is pre-installed by the factory.
e To use STO input 1 only; Wire relay inputs between STO IN1 and STO OUT, tie STO
3 STO IN1 IN2 to STO OUT, leave STO DIS floating (open).
e To use STO input 2 only; Wire relay inputs between STO IN2 and STO OUT, tie STO
IN1 to STO OUT, leave STO DIS floating (open).

4 STOIN2 e To use both STO inputs 1 and 2; Wire relay input 1 between STO IN1 and STO OUT,
wire relay input 2 between STO IN2 and STO OUT, leave STO DIS floating (open).

Safe Torque OFF STO status terminal.

5 STOFB This terminal is a PNP type output reflecting the STO status.

iy Precautions for Correct Use

The wire between Pins 1 and 2 to disable the STO is pre-installed on the CN4 mating
connector. To use the STO feature, remove this wire.

|-_i7] Precautions for Correct Use

In order to satisfy UL SIL 3 safety requirements, systems are required to use both STO
inputs. Systems utilizing only one STO or disabling STO entirely will not satisfy UL SIL 3
safety requirements.

|-_i7] Precautions for Correct Use

Certain safety controllers or safety sensors may output L pulses for self-diagnosis. These
pulses are short (typically 1 ms or less) low pulses. To differentiate these signals from a
true STO signal, the input circuitry on the amplifier is designed to filter out very short
duration signals. To make sure that OFF is recognized, the signal must be maintained for at
least 5 ms.
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4 Wiring

4-4-2 Wire Size

The recommended wire gauge for the STO functions is AWG 20 — 16, 0.5 — 1.5 mm?.

4-4-3 Wiring Examples

I Disabling the STO

(PND) OLS 440 @nbuo] sjes p-

Ground to
100 Q or less

r?@

CK3A-G3011]L

9715 dIIM C-¥-1

I Using STO 1 Only

Ground to
100 Q or less

r?@

CK3A-G31I[L
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4 Wiring

I Using STO 2 Only

Ground to
100 Q or less

> D

CK3A-G317L
I Using Both STO 1 and STO 2

CN4

Ground to
100 Q or less

> D

CK3A-G311L
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I STO Feedback

4 Wiring

Ground to
100 Q orless

CN2

24VDC ©

CN4
1
STO OUT ©

2
STODIS ©
STO1©

STO2 ©

® 5
9D STOFB©

CK3A-G31[]L

CK3A-series Direct PWM Amplifier User’s Manual (0050)
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oV
Output-1

Output-2

—'nput | Safety Device
CPU (i.e. OMRON NX-Safety units)

24VDC PNP output
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so|dwex3 BUulIp €11



4 Wiring

4-5 Direct PWM Connection (CN5)

I Connector Pinout

*1.

Pin

© 0o ~NO O WN -

From Amplifier perspective.

Symbol
PHACLK1+
N.C.
ADCCLK1+
ADCSTB1+
ADCDAT1A+
ADCDAT1B+
AENA1+
FAULT1+
PWMATOP1+
PWMABOT1+
PWMBTOP1+
PWMBBOT1+
PWMCTOP1+
PWMCBOT1+
ov

+5V

N.C.

N.C.
PHACLK1-
N.C.
ADCCLK1-
ADCSTB1-
ADCDAT1A-
ADCDAT1B-
AENA1-
FAULT1-
PWMATOP1-
PWMABOT1-
PWMBTOP1-
PWMBBOT1-
PWMCTOP1-
PWMCBOT1-
ov

+5V

N.C.

N.C.

Description

Phase clock

No connect

A/D converter clock
A/D converter strobe
Phase A current data
Phase B current data
Amplifier enable
Amplifier fault

Phase A top cmd.

Phase A bottom cmd.

Phase B top cmd.

Phase B bottom cmd.

Phase C top cmd.

Phase C bottom cmd.

Reference voltage
Digital power

No connect

No connect

Phase clock

No connect

A/D converter clock
A/D converter strobe
Phase A current data
Phase B current data
Amplifier enable
Amplifier fault

Phase A top cmd.

Phase A bottom cmd.

Phase B top cmd.

Phase B bottom cmd.

Phase C top cmd.

Phase C bottom cmd.

Reference voltage
Digital power

No connect

No connect

CK3A-series Direct PWM Amplifier User’s Manual (0050)
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Input

Output
Input
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Input
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4 Wiring

4-6 Overall Wiring Diagram Examples

4-6-1 CK3A-G305L

T S R b
o}
3
------ MCCB (Fuse) =
E:
I Noise Filter Main circuit contactor g?
Ground to OFF ON X E
100 Q or less _ @ g
LU LLI H 1MC: Magnetic contactor 1(3%
SS: Surge suppressor @
1MC X: Amplifier fault relay

CK3A-G305L Ampilifier

1MC IS
CN1 1 1 CN2 &
L1 24VDC 1 2
24 VDC L
L2 ovo—F ———— 2
I S
@
L3 NC I
3 I
NC I
I
NC CN4 '
1 I
External Ei_ — —QB1 STOOUTP=+ —: |
shunt resistor |
— — ==0 B2 STODIS@— |
Internal shunt resistor | |
—O B3 STO 10O |
_ —oIo—l |
Low voltage | —O LV1 STO2©O- |
mode only |
— STOFBOQ — — — — —
Lva] . PNP Output 4 |
Controller
Brake CN5
cable —e CN3 PWM
1 : ()
:': Direct || 7] cable
Power supply & Motor U PWM _ I:I
controller relay @: cable S Sl Controller
OV
Encoder l W @ —] Ground to
I:I cable 1 3 = 100 Qor less
Ground to
Controller 100 Q or less
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4 Wiring

4-6-2 CK3A-G310L and CK3A-G320L

T S R

MCCB (Fuse)

Main circuit contactor
OFF ON X

Grouind to
100 Q or less ) Ll @ .
L H 1MC: Magnetic contactor
SS: Surge suppressor

1MC X: Amplifier fault relay

I Noise Filter

CK3A-G310L Amplifier

1MC
,,,,,,,,,,,,,,,,,,,, CN2

Internal shunt
resistor

External L
shunt resistor Ej

L

STO2 ©---<alo-

N oupa L
Brake CN3 ) Controller
cable 1 CN5
B _e PWM
Power supply & Direct @) cable
controller relay PWM %
K 5~ Controller
Encoder
cable @ @ Ground to
E': 4 = 100 Q orless
Controller
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4 Wiring

4-6-3 Amplifier Fault Relay

If it is desired to disconnect the main power supply in case of an Amplifier fault, then the output signal
that controls the relay coil must come from the Controller. This can be done in a PLC that mirrors the
corresponding motor amplifier fault bit.

I Sample PLC

PTR DigitalOutputl->Gate3[0].GpioData[0].16
OPEN PLC SamplePLC

DigitalOutputl = Motor[1].AmpFault
CLOSE

Additional Information

so|dwex3 weibeiq Bulipp |eJean0 9-1

The code line in the above PLC can be merged with an existing active PLC. It does not
have to be its own PLC.

I Wiring Example

AN
NPN type output PNP type output §
3
Amplifier fault Amplifier fault E
relay coil relay coil al
Q
O OUT O OUT 3
5
——-00¢ |1 e¥e =
24 VDC 24 VDC
\02 \% %D \Y;
Controller Controller
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4 Wiring

4-7 Wiring Conforming to EMC Directives

The CK3A Direct PWM Amplifiers conform to the EMC Directives (EN 61800-3) under the wiring
conditions described in this section.

The following conditions are determined so that the CK3A series can conform to EMC Directives.
When the products are installed in the equipment, the customer must perform the check to confirm
that the overall machine conforms to EMC Directives.

The following are the conditions required for conformance to the EMC Directives.
¢ Install the Amplifier on the ground plate.

Install a noise filter and lightening surge-absorbing element (surge absorber) on the power line.

Use braided-shield cables for the 1/0 signals and encoder.
Tinned soft steel wires must be used for the shields.

Ground the shield of each cable.
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4 Wiring

4-7-1  Peripheral Equipment Connection Example

Ground plate

FG
@ cN1 | FG | CN5 @)
L1 PWM
NF 2
T 3
CN4
SG 52 STO OUT ]
[ ] STODIS
B3
STO 1
STO 2
STOFB

Pe |

FC2 |cN3
3) CN2 (1)
U 24VDC
Y, ov
L A NCH e
I —
AC |~ Controller DC 24V
Supply 3
1-ph: 100/200 VAC || |||
3-ph:200 VAC (]
' (5)
M |E

Note For single-phase inputs, connect between L1 and L2.
Note For CK3A-G305L, FG does not exist on Motor connector, use FG screw terminal instead.

¢ Provide single-point grounding of the ground plate for unit frame grounding as shown in the above
diagram.

¢ Use a protective earth wire with a minimum thickness of 2.5 mm? and arrange the wiring so that the
protective earth wire is as short as possible.

¢ Install a surge absorber and noise filter near the main circuit connector CN1 of the Amplifier.
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4 Wiring

I Component Details

Symbol Name Manufacturer Model Amplifier Model Remarks
SG Surge Absorber  Soshin Electric Co., Ltd. LT-C12G801WS  CK3A-G3r1IL 1-ph 100/200VAC
LT-C32G801WS 3-ph 200VAC
NF Noise Filter OMRON R88A-FI1S105 CK3A-G305L 1-ph 100/200VAC
R88A-F11S208 3-ph 200VAC
Schaffner FN-series CK3A-G3110L 1-ph 100VAC
OMRON R88A-FI1S116 1-ph 200VAC
R88A-FI1S216 3-ph 200VAC
FC1 Ferrite core NEC TOKIN ESD-SR-250 CK3A-G311L -
FC2 Ferrite core SEIWA ELECTRIC MFG = E04SR301334 -
M Motor - - - -
E Encoder - - - -
- Controller OMRON CK3M-series CK3A-G3010L W/ Direct PWM
UMAC-series W/ Direct PWM

Note  Consult with third party manufacturer(s) or OMRON sales representative for detailed specifications.

I Cable Information

No. Interface Ferrite core Max. Length Shielded
(1) Logic power supply cable 2 turns 3m No

(2) Main circuit power supply cable - 3m No

3) Motor cable 2 turns 20m Yes

(4) Direct PWM cable - 3.6m -

(5) Encoder cable - - Yes
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4-8 Selecting Peripheral Components

4-8-1 Main Circuit AC Power Supply

The main circuit AC power supply must be chosen in compliance with the specifications listed in the
Specifications section of this manual.

4-8-2 Main Circuit DC Power Supply (Low Voltage Mode)

The main circuit DC power supply must be chosen in compliance with the specifications listed in the
Specifications section of this manual. The following are suggested 48VDC power supplies.

sjusuodwo) |esayduad Bunos|as g-

Power Supply Manufacturer
S8VK-G series OMRON
S8FS-G series OMRON
S8FS-C series OMRON

[VI Precautions for Correct Use

The choice of the DC power supply rating depends on the application requirements.
o Number of Amplifiers using the same power supply (total effective load)

e Transient, or acceleration current (Amps at rated DC Voltage) needed

o Steady state, idle or constant speed current (Amps at rated DC Voltage) needed

Aiddng Jemod DV HNouD Ule L-g-

4-8-3 Logic Power Supply

The logic power supply must be chosen in compliance with the specifications listed in the
Specifications section of this manual. The following, are suggested (24VDC) power supplies.

Power Supply Manufacturer
S8VK-G series OMRON
S8VK-S series OMRON
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4-8-4 Noise Filter

In AC voltage environment, line noise filters eliminate electromagnetic noise in a bi-directional manner

4-8-5

(from and into the system). T type filters are not recommended. Pl type filters are recommended.

Specifications section of this manual.

The following are suggested noise filters.

The noise filter should be mounted on the same panel as the drive and power source.
The noise filter should be mounted as close as possible to the power source.

The noise filter should be mounted as close as possible to incoming cabinet power.
The noise filter must be chosen in compliance with the main power input specifications listed in the

Amplifier Model Noise Filter Voltage Input Manufacturer
CK3A-G305L R88A-FI1S105 1-ph 100VAC OMRON
R88A-FI11S105 1-ph 200VAC OMRON
R88A-F11S208 3-ph 200VAC OMRON
CK3A-G310L FN series 1-ph 100VAC Schaffner
R88A-FI1S118 1-ph 200VAC OMRON
R88A-FI1S218 3-ph 200VAC OMRON
CK3A-G320L R88A-FI1S330-SE 1-ph 400VAC OMRON
R88A-FI1S330-SE 3-ph 400VAC OMRON

Note Contact your local OMRON sales representative for detailed specifications.

Voltage Surge Absorber

Surge absorbers protect from lightning surge voltage and abnormal voltage in the power input line.
The following are suggested surge absorbers.

Voltage Input Surge Absorber Manufacturer

1-ph 100VAC LT-C12G801WS Soshin Electric Co., Ltd.
1-ph 200VAC LT-C12G801WS Soshin Electric Co., Ltd.
3-ph 200VAC LT-C32G801WS Soshin Electric Co., Ltd.

Note Contact manufacturer for detailed specifications.

CK3A-series Direct PWM Amplifier User’s Manual (0050)



4 Wiring

4-8-6 Molded Case Circuit Breaker (MCCB)

Select a molded case circuit breaker based on the maximum input current.

o The momentary maximum output of the Amplifier is approximately two times as much as the rated
output, and the maximum output duration is two seconds.

Therefore, select a molded case circuit breaker that can operate 10 seconds or more at 200% of
the rated current.

¢ Select a molded case circuit breaker with a rated current larger than the sum of the effective load
current (when multiple Amplifiers are used).

¢ When you select a molded case circuit breaker, remember to add the current consumption of other
devices.

I Recommended Fuse

Be sure to use a fuse which is a UL-listed product with LISTED and @ mark. Use copper wiring with a
temperature rating of 75°C or higher. The following table shows recommended fuse.

sjusuodwo) |esayduad Bunos|as g-

Amplifier Model Main Circuit Supply Recommended Fuse
CK3A-G305L 3-Phase 240VAC UL CLASS RK5 10 A N
1-Phase 110VAC or 240VAC UL CLASS RK5 15 A E
1-Phase 48VDC UL CLASS RK5 10 A %
CK3A-G310L 3-Phase 240VAC UL CLASS RK5 15 A g
(]
1-Phase 110VAC or 240VAC UL CLASS RK5 25 A g
CK3A-G320L 3-Phase 240VAC UL CLASS RKS5 20A §
1-Phase 240VAC UL CLASS RK5 30A %
1-Phase 100VDC UL CLASS RK5 20A §
w

4-8-7 External Shunt Resistor

The external shunt resistor must be chosen in compliance with the specifications listed in the
Specifications section of this manual. The following are recommended external shunt resistors.

Amplifier Model External Shunt Resistor Manufacturer Specifications
CK3A-G305L R88A-RR30020 OMRON 60W, 20Q
CK3A-G310L

R88A-RR30017 OMRON 60W, 17Q
CK3A-G320L

Note Contact your local OMRON sales representative for detailed specifications.
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Part Number Name Length
200-602739-036x CABPWM-2 0.9 m (36in)
200-602739-072x CABPWM-4 1.8 m (72in)
200-602739-144x CABPWM-6 3.6 m (144in)

I*LENETH XXX £ 504]

3§
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4 Wiring

4-8-9 Compatible Motors

The CK3A-series product line is capable of interfacing to a wide variety of motors. The Amplifier can
control almost any type of three-phase Motor, including AC/DC brushless (synchronous) servo rotary
or linear, and AC Induction (asynchronous) motors. Additionally, the amplifier can control permanent
magnet DC brush motors such as a voice-coil actuator (using two of the amplifier's three phases).
Motor sizing is outside of the scope of this manual. Motor sizing depends on a variety of application
needs, and it is typically performed using proper sizing tools.

Having chosen Motor specifications and candidates, a quick comparison between the specification
sheet of the Motor and that of the Amplifier reveals compatibility. Essentially, there are four main
specification parameters to consider, shown in the table below.
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Item CK3A-G305L CK3A-G310L CK3A-G320L

Rated voltage (main circuit input) 110VAC or 240VAC 240VAC
Rated current Max. 5 Ams Max. 10 Ams Max. 20 Ams

Peak current Max. 10 Aims for 2sec Max. 20 Amns for 2 sec Max. 60 Ay for 2 sec
Motor Inductance Min. 1 mH

I Rated Voltage

Voltage is directly proportional to speed.

©® Motor rated voltage less than or equal to the supply voltage
If the Motor rated voltage is less than or equal to the main circuit supply voltage, then it is possible
to achieve the Motor rated speed (no issue here).

sJ0jo\ 8|qnedwo) 6-g-1

[l7| Precautions for Correct Use

¢ In this case, the Motor[x].PwmSf setting in the Controller should be equal to:
16,384 * (Motor Voltage / Supply voltage).
e |tis possible to increase by 10% if necessary to account for losses.

® Motor rated voltage greater than the supply voltage
If the Motor rated voltage is greater than the (maximum) main circuit supply voltage, then the Motor
will function but the rated speed may not be achieved. In this case, consider whether the Motor
rated speed is necessary for the application or not. If the rated speed is not necessary then the
Motor can be compatible. If the rated speed is necessary, then the Motor is not compatible.

I% Additional Information

e Fundamentally, sufficient supply voltage and adequate current loop tuning should allow
achieving Motor rated/top speeds. However, in certain applications, this may not be
possible due to limitations such as feedback device, or excessive load.

¢ In general, the maximum Motor speed can be determined by input voltage line-to-line
divided by the Motor’s back EMF constant. It is wise to de-rate this a little for proper
servo applications.
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I Rated and Peak Current

Current is directly proportional to torque.
o Rated current typically correlates to steady state position holding or constant speed motion.
e Peak current typically correlates to transient (acceleration) motion.

® Motor rated current less than or equal to the Amplifier rated current
If the Motor rated current is less than or equal to the Amplifier rated current, then the Motor can be
compatible (no issue here) and could achieve optimal steady state motion performance.

Precautions for Safe Use

12T protection in the Controller must be set correctly to avoid burning the Motor in this case.

® Motor rated current greater than Amplifier rated current
If the Motor rated current is greater than the Amplifier rated current, then the Motor will function but
it may not achieve optimal torque at steady state or constant motion.

I% Additional Information

It is fairly common to use slightly over-rated Motor in motion applications. In many cases,
only a small percentage of the rated current is used during position holding or constant
speed.

® Motor peak Current less than or equal to the Amplifier peak current
If the Motor peak current is less than or equal to the Amplifier peak current, then the Motor can be
compatible (no issue here) and could achieve optimal transient (acceleration) motion performance.

Precautions for Safe Use

12T protection in the Controller must be set correctly to avoid burning the Motor in this case.

® Motor peak current greater than the Amplifier peak current
If the Motor peak current is greater than the Amplifier peak current, then the Motor will function but it
may not achieve optimal torque at transient (acceleration) motion.
In this case, consider whether top accelerations are necessary for the application or not. If top
accelerations are not necessary, then the Motor can be compatible. If top accelerations are
necessary, then the Motor is not compatible.

Additional Information

For time at peak, remember that maximum acceleration (peak current draw) profiles in
motion applications are typically less than 500 milliseconds.
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I Motor Inductance

PWM outputs require significant Motor inductance to turn the on-off voltage signals into relatively
smooth current flow with small ripple. Typically, Motor inductance of servomotors is 1 to 15 mH.
The CK3A-series can drive this range easily.

For lower-inductance motors (below 1mH), problems could occur due to PWM switching where large
ripple currents flow through the Motor, causing excessive energy waste and heating. If an application
requires a Motor of less than 1mH, external inductors can be added to increase the inductance.

Motors with inductance in excess of 15mH can still be driven, but are slow to react and typically are
out of the range of high performance servomotors.

sjusuodwo) |esayduad Bunos|es g-
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Software Configuration
I

This section describes the software configuration of the CK3A Direct PWM Amplifier.
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5-1 Outline of Software Configuration

This section provides an overview of the Software Configuration for better understanding.

5-1-1  Controller Amplifier Interface

The CK3A Direct PWM Amplifier interfaces with the controller via PWM cable. It does not
communicate with the PC directly, and it does not contain any configuration settings.

Using a structure element in the Controller called ADC Strobe Word (explained in a later section), it is

possible to control the Amplifier functions, and specify which status bits and data information are
reported to the Controller.

5-1-2 Summary

uoneinBluos aJemyos Jo aulnO L-§

The following topics are discussed in the Software Configuration section.

Topic Content

Basic Configuration Setup elements, including the “default” setting of the ADC Strobe Word
allowing the basic configuration of the Amplifier

Details of the ADC Strobe Word  Explanation of the ADC Strobe Word including:
e Control fields of Amplifier functions
¢ Control fields of status bits
o Control fields of data reporting

Details of the Amplifier Functions  Description and examples of how to:
o Clear display errors

» Configure the dynamic brake

e Control the fan operation mode

¢ Configure the discharge mode (residual energy at main power removal)
o Set up for low voltage operation

soepRIU| JodWY I8]j0JU0D L-L-G

Details of the ADC Registers List of registers where the status bits and data information reside

Details of the Status Bits List and addresses of all status bits

Details of the Data Information List and addresses of data information

CK3A Sample PLCs Sample code for 4 and 8 channels that allows the user to easily control the

Ampilifier(s) functions, read status bits and data information.

Additional Information

The Amplifier functions, status bits and data reporting are not necessary for the basic
(default) operation of the CK3A Amplifier. The need of their use is dictated by the
application.
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5 Software Configuration

The Software Configuration section requires general understanding of the Power PMAC Gate3 and
channels architecture.

The Software Configuration section pertains to the CK3M and UMAC series of the Power PMAC
Controllers using the following axis cards.

o CK3W-AXO3O30O
e ACC-24ES3 3-4002A5050-0000-000

In the IDE script environment, the structure elements associated with CK3WAX]i], and ACC-24E3]Ji]
are hardware alias names. They are the same as Gate3[i]. For simplicity, we will use the Gate3|i]
nomenclature in all the examples of the Software Configuration section.
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5-2 Basic Configuration

This section describes the minimum necessary settings that allow the basic configuration of the CK3A
Direct PWM Amplifier.

% Additional Information

e Motor and encoder setup are not discussed in this section. Refer to the Appendices
section for that purpose.

¢ The settings discussed in this section must be saved to the Power PMAC memory (and
IDE project) for proper startup of the CK3A Direct PWM Amplifier after a power cycle.

5-2-1 PWM Frequency

For the proper operation of the CK3A Direct PWM Amplifier, the PWM frequency must be in the [8 —
20] KHz range. The PWM frequency is dictated by the Power PMAC phase frequency (setting of
Gate3[i].PhaseFreq) and PWM frequency (setting of Gate3][i]. Chanl[j].PwmFregMult) which have the
following relationship:

uoneinbyuo) oiseq z-§

Gate3[i].Chan[j].PwmFreqMult + 1

> X Phase Frequency

PWM Frequency =

5-2-2 Gate3 Settings

Gate3[i].AdcAmpStrobe = $901001
Gate3[i].AdcAmpHeaderBits = 4
Gate3[i].AdcAmpClockDiv = 5

Aouanbaiq4 NMC L-2-S

Ll7| Precautions for Correct Use

If one of the four Gate3[i] amplifiers must be used in low voltage mode, set
Gate3[i].AdcAmpStrobe = $B01001.

5-2-3 Channel Settings

| cx3a-G30sL

Gate3[i].Chan[jl.PwmDeadTime = ceil(2 / 0.0533)
Gate3[i].Chan[j].PackinData = 0
Gate3Ji].Chan[j].PackOutData = 0

I CK3A-G310L and CK3A-G320L

Gate3[i].Chan[j].PwmDeadTime = ceil(3 / 0.0533)
Gate3Ji].Chan[j].PackinData = 0
Gate3[i].Chan[j].PackOutData = 0
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5-2-4  Motor Settings

Motor[x].AdcMask = $FFFF0000
Motor[x].CurrentNullPeriod = 0

For PMAC I2T settings, the maximum ADC value for each model is shown below.

Model Max ADC
CK3A-G305L  15.735
CK3A-G310L  31.470
CK3A-G320L  93.844

Precautions for Safe Use

PMAC I2T settings, including Motor[x].I12tSet, Motor[x].I2tTrip and Motor[x].MaxDac must be
set up correctly. Especially if the Motor is lower rated than the Amplifier. Not doing so could
risk burning the Motor.
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5-3 Details of the ADC Strobe Word

This section describes the details of the ADC Strobe Word which software settings allow the user to:
e Control the Amplifier functions

o Access the Amplifier status bits

e Access the Amplifier data information

The structure element of the ADC Strobe Word is Gate3[i].AdcAmpStrobe.

5-3-1 Overview

In the IDE script environment, the ADC Strobe Word is a 24-bit element comprised of the following
fields related to the CK3A Direct PWM Amplifier:

Hex 9 0 1 0 0 1

PIOAA 8qOA4S DAV Ul Jo sjieleq €-9

Bit# 2322212019 |18 (17 |16§415|14 |13 (12)11|10| 9 |8} 7 |6 | 5[4]3 |2 1|0

Binary; 1 /0, 0/1§J0}0 0|O0O}j0  O/0|21}J0|0|0O|0OJO|0 Of0JO|0|0)1

Fixed E-- Clear faults: =1 then =0 Bus discharge ctrl: =0 OFF, =1 ON Fixed

I Fan ctrl: =0 AUTO, =1 ON b =0: Report status bits set 2

=1: Report status bits set 3

i---- Dynamic brake ctrl: =1 OFF, =0 ON =2: Report voltage in VDC (+4)
=3: Report temperature in °C

MBINIBAQ L-€-G

............. Low Voltage mode: =0 OFF, =1 ON =6: Report firmware version

=7: Report current rating
Other settings are for internal use
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5-3-2 Explicit Addresses

The Gate3[i]. AdcAmpStrobe structure element cannot be used for bitwise (individual bit) mapping. If
necessary, explicit addressing must be used instead.

Following, is a list of those addresses for the first eight Gate3][i] indexes, typically corresponding to the
first 32 Amplifier channels.

Index i Structure Element Channels Address
0 Gate3[0].AdcAmpStrobe 1-4 $90020C
1 Gate3[1].AdcAmpStrobe 5-8 $90420C
2 Gate3[2].AdcAmpStrobe 9-12 $90820C
3 Gate3[3].AdcAmpStrobe 13-16 $90C20C
4 Gate3[4].AdcAmpStrobe 17-20 $91020C
5 Gate3[5].AdcAmpStrobe 21-24 $91420C
6 Gate3[6].AdcAmpStrobe 25-28 $91820C
7 Gate3[7].AdcAmpStrobe 29-32 $91C20C

% Additional Information

e Dollar ($) sign indicates hexadecimal value in PMAC script language.

e The explicit address is found by subtracting Sys.piom from Gate3[i]. AdcAmpStrobe.a and
reading the result in hexadecimal.
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5-4 Details of the Amplifier Functions

This section describes the Amplifier functions which can be set from the Controller.

5-4-1 Features

The Amplifier functions, controlled by the ADC Strobe Word, allow the user to:

¢ Set the bus discharge mode

Clear (reset) display errors

Set the dynamic brake mode

Set the fan operation mode

Set low voltage mode

I% Additional Information

suonoun4 Jeyidwy 8y} Jo s|ieleq v-g

o The Amplifier functions are global to the four Amplifier channels on the same Gate3Ji].

e The examples in this section can be used to find the desired setting of the ADC Strobe
Word, which should then be saved in the IDE project file or configuration for subsequent
power-ups.

5-4-2 Bus Discharge Control

sainea |-p-G

Bit #5 of the ADC Strobe Word controls the discharge mode of the residual energy in the Amplifier
when the main circuit power is removed.

I = 0 Discharge OFF (Recommended)

If bit #5 of the ADC Strobe Word is set to 0, and when the main circuit power is removed, the
Amplifier dissipates the residual energy slowly. This mode is recommended because of the short time
allowed between main power cycles.

|EI Precautions for Correct Use

In this mode, you should allow a minimum of 10 seconds between main power cycles.

% Additional Information

Discharge of the residual energy (< 36VDC) in this mode takes less than 5 minutes for the
CK3A-G305L or CK3A-G310L and less than 6 minutes for the CK3A-G320L.

The following example, using Gate3 index 0 typically tied to Amplifier channels 1 — 4, shows a quick
way to set the ADC Strobe Word for bus discharge OFF from the IDE terminal window:

Gate3[0].AdcAmpStrobe = (Gate3[@].AdcAmpStrobe & $FFFFDF) | $0
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I =1 Discharge ON

If bit #5 of the ADC Strobe Word is set to 1, and when the main circuit power is removed, the
Amplifier discharges the residual energy quickly into the internal or external shunt resistor.

Precautions for Safe Use

If a Shunt resistor is not connected, the Amplifier will remain charged.

e The user must wait a minimum of 1 minute between main circuit power cycles for a successful full
discharge every time.

¢ This function is primarily useful for repair if the unit needs to be opened and worked on safely.

¢ This function may be useful for some systems where safety mandates that all energy must be
removed from the machine equipment during an emergency stop or maintenance.

Ll7| Precautions for Correct Use

In this mode:
¢ The user must wait a minimum of 1 minute between main circuit power cycles.

¢ A Shunt Resistor (internal or external) must be connected for successful operation.

% Additional Information

Discharge of the residual energy (< 36VDC) in this mode takes less than 2.5 seconds.

The following example, using Gate3 index 0 typically tied to Amplifier channels 1 — 4, shows a quick
way to set the ADC Strobe Word for bus discharge ON from the IDE terminal window:

Gate3[0] .AdcAmpStrobe = (Gate3[@].AdcAmpStrobe & $FFFFDF) | $20
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5-4-3 Clear Fault

Bit #16 of the ADC Strobe Word clears the Amplifier display errors after fault condition has been
removed.

I% Additional Information

o Clearing Soft start (A2), ADC offset (A9), and Short Circuit (AC) faults requires a logic
power cycle of the Amplifier.

o This function only clears the Amplifier display errors. It does not clear the Amplifier fault
(Motor[x].AmpFault) status in PMAC.

e There is no generic command to clear Amplifier fault status in PMAC, it is automatically
cleared if the fault condition has been removed and the Motor is enabled.

I Clearing Faults Operation

To clear display faults on any of the four Gate3[i] Amplifiers, set bit #16 of the ADC Strobe Word to 1
for a minimum of 10 milliseconds, then set it back to 0 for normal operation.
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The following example, using Gate3d index 0 typically tied to Amplifier channels 1 — 4, shows a quick
way to set the ADC Strobe Word bit #16 to 1 then 0 from the IDE terminal window:

Gate3[0].AdcAmpStrobe = (Gate3[0].AdcAmpStrobe & $FEFFFF) | $10000

Gate3[@].AdcAmpStrobe = (Gate3[@].AdcAmpStrobe & $FEFFFF) | $0

Hned Jes|] ¢-y-g

5-4-4 Fan Control

Bit #17 of the ADC Strobe Word controls the Amplifier fan operation.

I =0 Fan Auto

If bit #17 of the ADC Strobe Word is set to 0, the fan is set to automatic mode for all four Gate3[i]
Amplifiers. It is ON when the power module temperature reaches 35°C, and OFF when it goes back
down to 32°C.

The following example, using Gate3 index 0 typically tied to Amplifier channels 1 — 4, shows a quick
way to set the ADC Strobe Word for fan Auto mode from the IDE terminal window:

Gate3[@].AdcAmpStrobe = (Gate3[0].AdcAmpStrobe & $FDFFFF) | $0

I =1 Fan Always ON
If bit #17 of the ADC Strobe Word is set to 1, the fan is always ON for all four Gate3[i] Amplifiers.

The following example, using Gate3 index 0 typically tied to Amplifier channels 1 — 4, shows a quick
way to set the ADC Strobe Word for fan always ON from the IDE terminal window:

Gate3[0].AdcAmpStrobe = (Gate3[0].AdcAmpStrobe & $FDFFFF) | $20000

CK3A-series Direct PWM Amplifier User’s Manual (0050) 5-11



5 Software Configuration

5-4-5 Dynamic Brake Control

Bit #20 of the ADC Strobe Word controls the dynamic brake function.

Precautions for Safe Use

The dynamic brake function is intended for the stop at the time of an error and therefore it
has a short-time rating. Do not use it to stop motion in normal operation.

Do not drive the Motor by the use of an external drive source when the power supply is
OFF and the dynamic brake function is ON.

As a general guideline, allow a minimum of 1 minute between dynamic brake uses.
Do NOT rely on the dynamic brake to stop a vertical Motor without counter-balance.

The dynamic brake setting does not take effect if the Amplifier is enabled. The Amplifier
enable signal must be OFF before setting the dynamic brake function ON/OFF.

The dynamic brake function, when it is ON, prevents the Motor from coasting freely after a KILL
(servo OFF) event. This situation applies to the following.

¢ Motor killed (servo OFF) by user command or PMAC function such as fatal following error

o Amplifier error, including main circuit power OFF, or logic power OFF

I = 0 Dynamic Brake ON

If bit #20 of the ADC Strobe Word is set to 0, dynamic brake is ON for all four Gate3[i] Amplifiers.

14

Precautions for Correct Use

If the dynamic brake function is ON, the user must enable the Amplifier and wait a
minimum of 50 milliseconds before commanding motion.

If dynamic braking has been performed (after Motor KILL while in motion), the user must
wait a minimum of 500 milliseconds before re-enabling the Amplifier.

If the dynamic brake function is ON and the Motor is in motion, the user should issue a
JOG/ first to decelerate the Motor to a stop before issuing a KILL (servo OFF) command.

Do not toggle the dynamic brake setting ON/OFF when the Amplifier is enabled.

The following example, using Gate3 index 0 typically tied to Amplifier channels 1 — 4, shows a quick
way to set the ADC Strobe Word for dynamic brake function ON from the IDE terminal window:

Gate3[0].AdcAmpStrobe = (Gate3[@].AdcAmpStrobe & $EFFFFF) | $0

I =1 Dynamic Brake OFF

If bit #20 of the ADC Strobe Word is set to 1, dynamic brake is OFF for all four Gate3[i] Amplifiers.

The following example, using Gate3 index 0 typically tied to Amplifier channels 1 — 4, shows a quick
way to set the ADC Strobe Word for dynamic brake function OFF from the IDE terminal window:

Gate3[0].AdcAmpStrobe = (Gate3[@].AdcAmpStrobe & $EFFFFF) | $100000

5-12
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5 Software Configuration

5-4-6 Low Voltage (LV) Mode

Bit #21 of the ADC Strobe Word specifies whether the Amplifier will be used with low voltage main
circuit power supply or not.

o For the CK3A-G305L model, this refers to a main circuit power supply voltage of 48VDC.
o For the CK3A-G310L model, using this feature requires factory modification.
¢ For the CK3A-G320L model, this refers to a main circuit power supply voltage of 100VDC.

o If at least one of the four Amplifiers connected to a Gate3]i] interface will be used in the low voltage
range, then the ADC Strobe Word for the Gate3][i] interface must be set for low voltage mode. The
other Amplifiers on the same Gate3][i] can still be used with AC input.

Additional Information

When low voltage mode is set, and main power (e.g. 48VDC for CK3A-G305L) is applied,
the Amplifier displays L on the left 7-segment display.

suonound Joydwy sy} Jo s|eleq v-g

I = 0 Normal Mode

If bi t#21 of the ADC Strobe Word is set to 0, then none of the four Amplifiers connected to the
Gate3[i] interface can operate in the low voltage range.

The following example, using Gate3 index 0 typically tied to Amplifier channels 1 — 4, shows a quick
way to set the ADC Strobe Word for normal mode from the IDE terminal window:

Gate3[0] .AdcAmpStrobe = (Gate3[@].AdcAmpStrobe & $DFFFFF) | $o

I =1 Low Voltage Mode

If bit #21 of the ADC Strobe Word is set to 1, then any of the four Amplifiers connected to the Gate3Ji]
interface can operate in the low voltage main power input range.

8po\ (A7) 8bejop MO 9-p-G

The following example, using Gate3 index 0 typically tied to Amplifier channels 1 — 4, shows a quick
way to set the ADC Strobe Word for low voltage mode from the IDE terminal window:

Gate3[0].AdcAmpStrobe = (Gate3[0].AdcAmpStrobe & $DFFFFF) | $200000

[VI Precautions for Correct Use

For the CK3A-G305L, the low voltage short-circuit wire on the main circuit power connector
(CN1) must be installed for proper operation with low voltage range main power.
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5 Software Configuration

5-5 Details of the ADC Registers

This section describes the details of the ADC registers.

For each channel of the Power PMAC Controller (typically connected to one Amplifier), there are two
ADC registers defined as follows.

Name Structure Element
ADC A Gate3[i].Chan[j].AdcAmp[0]
ADCB Gate3[i].Chan[j]l.AdcAmp[1]

5-5-1 Information in ADC A

ADC A is a 32-bit register conveying the following information.

BIT(s) Information in ADC A ADC Strobe Word setting

7:0 Internal use -

15:8 Status bits set 1 Any “correct” strobe word setting
31:16 Motor phase U current feedback Any “correct” strobe word setting

5-5-2 Information in ADC B

ADC B is a 32-bit register conveying the following information.

BIT(s) Information In ADC B ADC Strobe Word setting
7:0 Internal use -
15:08 Status bits set 2 Bits [11:08] =0
Status bits set 3 Bits [11:08] =1
DC bus voltage Bits [11:08] = 2
Power module temperature Bits [11:08] = 3
Amplifier firmware Bits [11:08] = 6
Amplifier current rating Bits [11:08] =7
31:16 Motor phase V current feedback Any “correct” strobe word setting

Additional Information

All other settings of bits [11:08] report data used internally.
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5-5-3

ADC Registers Explicit Addresses

5 Software Configuration

The Gate3[i].Chan[j]l.AdcAmp[K] structure elements cannot be used for bitwise (individual bit)
mapping. Explicit addressing must be used instead. Following, is a list of those addresses for the first
eight Gate3[i] indexes, typically corresponding to the first 32 Amplifier channels:

Gate3[6] Gate3[5] Gate3[4] Gate3[3] Gate3[2] Gate3[1] Gate3[0]

Gate3[7]

Ch.

© 0o N o o A W DN -

W W W N NN DNDNDNDDNDNDNDDNDNDN-=22 =2 A4 A A a a a a
N = O © 0 N O O A W N 2 O © 00N O g B W N =~ O

ADC A Structure element

Gate3[0].Chan[0].AdcAmpI[0]
Gate3[0].Chan[1].AdcAmp][0]
Gate3[0].Chan[2].AdcAmp][0]
Gate3[0].Chan[3].AdcAmpI[0]
Gate3[1].Chan[0].AdcAmpI[0]
Gate3[1].Chan[1].AdcAmp][0]
Gate3[1].Chan[2].AdcAmp][0]
Gate3[1].Chan[3].AdcAmp][0]
Gate3[2].Chan[0].AdcAmp][0]
Gate3[2].Chan[1].AdcAmp][0]
Gate3[2].Chan[2].AdcAmp][0]
Gate3[2].Chan[3].AdcAmp][0]
Gate3[3].Chan[0].AdcAmpI[0]
Gate3[3].Chan[1].AdcAmp][0]
Gate3[3].Chan[2].AdcAmp][0]
Gate3[3].Chan[3].AdcAmp][0]
Gate3[4].Chan[0].AdcAmp][0]
Gate3[4].Chan[1].AdcAmp][0]
Gate3[4].Chan[2].AdcAmp][0]
Gate3[4].Chan[3].AdcAmpI[0]
Gate3[5].Chan[0].AdcAmpI[0]
Gate3[5].Chan[1].AdcAmp][0]
Gate3[5].Chan[2].AdcAmp][0]
Gate3[5].Chan[3].AdcAmp][0]
Gate3[6].Chan[0].AdcAmpI[0]
Gate3[6].Chan[1].AdcAmp][0]
Gate3[6].Chan[2].AdcAmp][0]
Gate3[6].Chan[3].AdcAmp][0]
Gate3[7].Chan[0].AdcAmp][0]
Gate3[7].Chan[1].AdcAmp][0]
Gate3[7].Chan[2].AdcAmp][0]
Gate3[7].Chan[3].AdcAmp][0]

% Additional Information

Address

$900020
$9000A0
$900120
$9001A0
$904020
$9040A0
$904120
$9041A0
$908020
$9080A0
$908120
$9081A0
$90C020
$90C0A0
$90C120
$90C1A0
$910020
$9100A0
$910120
$9101A0
$914020
$9140A0
$914120
$9141A0
$918020
$9180A0
$918120
$9181A0
$91C020
$91C0A0
$91C120
$91C1A0

ADC B Structure element

Gate3[0].Chan[0].AdcAmpI[1]
Gate3[0].Chan[1].AdcAmp][1]
Gate3[0].Chan[2].AdcAmpI[1]
Gate3[0].Chan[3].AdcAmpI[1]
Gate3[1].Chan[0].AdcAmpI[1]
Gate3[1].Chan[1].AdcAmp][1]
Gate3[1].Chan[2].AdcAmp][1]
Gate3[1].Chan[3].AdcAmpI[1]
Gate3[2].Chan[0].AdcAmpI[1]
Gate3[2].Chan[1].AdcAmp][1]
Gate3[2].Chan[2].AdcAmp][1]
Gate3[2].Chan[3].AdcAmpI[1]
Gate3[3].Chan[0].AdcAmpI[1]
Gate3[3].Chan[1].AdcAmp][1]
Gate3[3].Chan[2].AdcAmp][1]
Gate3[3].Chan[3].AdcAmpI[1]
Gate3[4].Chan[0].AdcAmpI[1]
Gate3[4].Chan[1].AdcAmpI[1]
Gate3[4].Chan[2].AdcAmp][1]
Gate3[4].Chan[3].AdcAmpI[1]
Gate3[5].Chan[0].AdcAmpI[1]
Gate3[5].Chan[1].AdcAmpI[1]
Gate3[5].Chan[2].AdcAmp][1]
Gate3[5].Chan[3].AdcAmp][1]
Gate3[6].Chan[0].AdcAmpI[1]
Gate3[6].Chan[1].AdcAmpI[1]
Gate3[6].Chan[2].AdcAmp[1]
Gate3[6].Chan[3].AdcAmp][1]
Gate3[7].Chan[0].AdcAmp][1]
Gate3[7].Chan[1].AdcAmpI[1]
Gate3[7].Chan[2].AdcAmp[1]
Gate3[7].Chan[3].AdcAmp][1]

Address

$900024
$9000A4
$900124
$9001A4
$904024
$9040A4
$904124
$9041A4
$908024
$9080A4
$908124
$9081A4
$90C024
$90C0A4
$90C124
$90C1A4
$910024
$9100A4
$910124
$9101A4
$914024
$9140A4
$914124
$9141A4
$918024
$9180A4
$918124
$9181A4
$91C024
$91C0A4
$91C124
$91C1A4

¢ Dollar ($) sign indicates hexadecimal value in PMAC script language.

e The explicit address is found by subtracting Sys.piom from Gate3[i]. Chan[j].AdcAmplk].a
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5 Software Configuration

5-6 Details of the Status Bits

5-6-1

This section describes the details of the three sets of status bits which can be reported by the CK3A
Amplifier to the Controller.

Status Bits Set 1

For any “correct” setting of the ADC Strobe Word, the following status bits can be found in ADC A,

Gate3J[i].Chan[j]. AdcAmp][0]:

Bit # Item

8 Main power
9 Soft start

10 STO status
11 Shunt short
12 Over voltage
13 12T fault

14 Short circuit
15 Overload

Specification

=0 no fault, =1 fault

=0 no fault, =1 fault

=0 not triggered, =1 triggered
=0 no fault, =1 fault

=0 no fault, =1 fault

=0 no fault, =1 fault

=0 no fault, =1 fault

=0 no fault, =1 fault

Fault/Display Code
A1
A2
A6
A3
A5
A8
AC
AL

Direct mapping access example using Gate3 index 0 channel 0 typically tied to Amplifier/Motor #1:

// CH. 1, Gate3[@].Chan[@].AdcAmp[@], STATUS SET 1

PTR
PTR
PTR
PTR
PTR
PTR
PTR
PTR

Ck3alPwrFlt ->U.
Ck3alSoftStartFlt ->U.
Ck3alStoStatus ->U.
Ck3alShuntShortFlt ->U
Ck3alOverVoltFlt ->U.
Ck3alI2tF1t ->U.
Ck3ailShortFlt ->U.
Ck3alOverLoadFlt ->U.

10:$900020.8.1
10:$900020.9.1
10:$900020.10.

10:$900020.
10:$900020.
10:$900020.
10:$900020.

.10:$900020.11.
12.
13.
14.
15.

R R R RRR

CK3A-series Direct PWM Amplifier User’s Manual (0050)



5 Software Configuration

5-6-2 Status Bits Set 2

If bits [11:08] of the ADC Strobe Word are set to 0, the Amplifier reports status bits set 2 in ADC B,
Gate3[i].Chan[j].AdcAmp|[1]:

Bit # Item Specification Fault/Display Code
8 Power input status =1 AC power applied, =0 Removed A1

10 Over temperature =0 no fault, =1 fault A7

11 Shunt overload =0 no fault, =1 fault A4

12 PWM frequency fault =0 no fault, =1 fault P1

13 PWM command fault =0 no fault, =1 fault P2

14 Amplifier enabled status =0 not enabled, =1 enabled 0 (when enabled)

@ Additional Information

Other bit values are reserved for internal use.

s}ig snjejs ay3 Jo sjieleq 9-G

Direct mapping access example using Gate3 index 0 channel 0 typically tied to Amplifier/Motor #1:

Gate3[0].AdcAmpStrobe = (Gate3[@].AdcAmpStrobe & $FFFOFF) | $0

// CH. 1, Gate3[@].Chan[@].AdcAmp[1] STATUS SET 2 &
PTR Ck3alPwrStatus ->U.10:$900024.8.1 o
PTR Ck3alOverTempFlt ->U.10:$900024.10.1 2
PTR Ck3alShuntOverLFlt  ->U.I0:$900024.11.1 =
PTR Ck3alPwmFreqFlt ->U.10:$900024.12.1 g
PTR Ck3alPwmCmdF1t ->U.10:$900024.13.1 A
PTR Ck3alAmpEna ->U.10:$900024.14.1 %
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5-6-3 Status Bits Set 3

If bits [11:08] of the ADC Strobe Word are equal to 1, the Amplifier reports status bits set 3 in ADC B,
Gate3[i].Chan[j].AdcAmp|[1]:

Bit # Item Specification Fault/Display Code
10 12T integrator status =0 OFF, =1 ON -

12 ADC offset =0 no fault, =1 fault A9

14 Amplifier Ready =0 ready, =1 not ready -

I% Additional Information

e Other bit values are reserved for internal use.

o The Amplifier Ready bit is set to 1 during initializing of the Amplifier (about 6 seconds). It
is set to 0 when the boot up is complete indicating that the Ampilifier is ready.

Direct mapping access example using Gate3 index 0 channel 0 typically tied to Amplifier/Motor #1:

Gate3[0].AdcAmpStrobe = (Gate3[@].AdcAmpStrobe & $FFFOFF) | $100

// CH. 1, Gate3[@].Chan[@].AdcAmp[1] STATUS SET 3

PTR Ck3alI2tint ->U.10:$900024.10.1
PTR Ck3alAdcOffsetFlt ->U.I0:$900024.12.1
PTR Ck3alReady ->U.10:$900024.14.1
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5 Software Configuration

5-7 Details of the Amplifier Data

This section describes the details of the data which can be reported by the CK3A Amplifier to the
Controller.

I Overview and Examples

Bits [11:08] of the ADC Strobe Word also specify which Amplifier data is reported to the Controller.
The reported data is found in ADC B bits [15:08].

Bit # [11:08] Setting Amplifier Data Reported
=2 Bus voltage (divided by 4) in VDC
=3 Amplifier power module temperature in °C

=6 Amplifier Firmware version

ejeq Joydwy oy} Jo sjieleq £-G

Amplifier current rating in Amperes
5 for CK3A-G305L

10 for CK3A-G310L

20 for CK3A-G320L

€ 18S siig sniejs €-9-9
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5 Software Configuration

The following, are examples for quick access from the IDE terminal window. Using Gate3 index 0
channel 0 typically tied to Amplifier/Motor #1.

I Global definitions

GLOBAL Ck3alDcBus, Ck3alTemp, Ck3alFwVer, Ck3alCurRating

I DC Bus Voltage

Gate3[@].AdcAmpStrobe = (Gate3[@].AdcAmpStrobe & $FFFOFF) | $200

Ck3alDcBus = ((Gate3[@].Chan[@].AdcAmp[1] & $FF@Q) >> 8) * 4

I Power Module Temperature

Gate3[@].AdcAmpStrobe = (Gate3[@].AdcAmpStrobe & $FFFOFF) | $300

Ck3alTemp = (Gate3[@].Chan[0].AdcAmp[1] & $FF@0) >> 8

I Amplifier Firmware Version

Gate3[0].AdcAmpStrobe = (Gate3[0].AdcAmpStrobe & $FFFOFF) | $600

Ck3alFwVer = (Gate3[0].Chan[@].AdcAmp[1] & $FFeQ) >> 8

I Current Rating of the Amplifier

Gate3[0].AdcAmpStrobe = (Gate3[@].AdcAmpStrobe & $FFFOFF) | $700

Ck3alCurRating = (Gate3[@].Chan[0©].AdcAmp[1] & $FF@0) >> 8
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5 Software Configuration

5-8 CK3A Sample PLCs

This section provides a Power PMAC script list of suggested variables, pointer definitions, and
sample PLC programs for 4- and 8- motors allowing the user to easily:

e Control the Amplifier functions
¢ Read the Amplifier data
e Read the Amplifier status bits

5-8-1 Implementing the Sample PLC

The following steps are necessary to implement the sample PLC in this section successfully:

1 Make sure that the delay timer subroutine exists in the IDE project.

Make sure that the used Sys.Udata([i] structures do not conflict with the existing application.

$O7d sldwes veMD 8-G

Copy the CK3A definitions into a file under Global Includes section of the IDE project.

Copy the CK3A PLC into a file under PLC programs of the IDE project.

Enable the CK3A PLC on power-up (optional).

O G A WN

Make sure the download is successful (without compilation errors).

4 [C] CK3A-G3 DPWM Manual
Systemn
C Language
Configuration
Documentation
Log
PMAC Script Language
4 Global Includes
[ 00- System Gates.pmh
[ 01- Global Defs.pmh
[ 03- 10 Pointers.pmh
[ 04- ECT.pmh
[ 05- Mtrl X.pmh
[ 06- Mtr2 Y.pmh
[ 07- Mtr3 Zpmh
Kinematic Routines
4 Libraries
Motion Programs
4 PLC Programs
[ 00- RT.plc

[ 02- Phase Home.plc

AV VTV VT T
O71d @idweg syy bunuswaidwy L-g-G

Additional Information

The name of the file in the IDE project tree is not important for operation.
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5-8-2 Delay Timer Subroutine

The delay timer subroutine is used to introduce time delay in Power PMAC script PLC programs. This
delay timer subroutine exists in most IDE project templates. It is shown here for reference.

OPEN SUBPROG DelayTimer

SUB: sec (DelayTimeSec)

LOCAL EndTimeSec

EndTimeSec = Sys.Time + DelayTimeSec
WHILE (EndTimeSec > Sys.Time){}
RETURN

SUB: msec (DelayTimeMsec)

LOCAL EndTimeMsec

EndTimeMsec = Sys.Time + DelayTimeMsec * 0.001
WHILE (EndTimeMsec > Sys.Time){}

RETURN

CLOSE
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5 Software Configuration

5-8-3 Explanation of the User-Shared Memory

Status bits set 1 is reported in the ADC A register of a given channel. These bits can be accessed at
all time without any special setting of the ADC Strobe Word.

However, status bits sets 2, and 3 share the same location of the ADC B register. Bits [11:08] of the
ADC Strobe settings dictate which set is currently being reported:

e Status set 2 is reported if bits [11:08] of the ADC Strobe Word are equal to 0
o Status set 3 is reported if bits [11:08] of the ADC Strobe Word are equal to 1

For this reason, we will use “mirror words” as holding registers for each time bits [11:08] setting is

changed in the PLC (between 0 and 1). g

<

The “unsigned” user-shared memory registers Sys.Udatali] are best for this type of procedure. The $

registers used in the sample code in this section are defined as follows. %’»’

s

Status Set 2 Sys.Udata[i] Address Status Set 3 Sys.Udata[i] Address E

Channel 1 Sys.Udata[256000] $FA000 Channel 1 Sys.Udata[256040] $FAOAOQ ¢
Channel 2 Sys.Udata[256001] $FA004 Channel 2 Sys.Udata[256041] $FA0A4
Channel 3 Sys.Udata[256002] $FA008 Channel 3 Sys.Udata[256042] $FAOA8
Channel 4 Sys.Udata[256003] $FA00C Channel 4 Sys.Udata[256043] $FAOAC
Channel 5 Sys.Udata[256004] $FA010 Channel 5 Sys.Udata[256044] $FA0BO
Channel 6 Sys.Udata[256005] $FA014 Channel 6 Sys.Udata[256045] $FA0B4
Channel 7 Sys.Udata[256006] $FA018 Channel 7 Sys.Udata[256046] $FAOB8
Channel 8 Sys.Udata[256007] $FA01C Channel 8 Sys.Udata[256047] $FAOBC

The proposed method in the PLC is as follows.
o Set bits [11:08] of the ADC Strobe Word =0

o Copy status set 2 to Sys.Udata[25600x]

o Set bits [11:08] of the ADC Strobe Word =1

o Copy status set 3 to Sys.Udata[25604x]

Aows| paleys-1asn ay} jo uoneuedx3 ¢-8-G

Mapping individual bits to Sys.Udata([i] registers will then reflect the status bits of each set.

% Additional Information

o Make sure that these Sys.Udata([i] registers are not currently used in the application.
e Care must be taken if the register indexes are changed.

e The explicit address of the “unsigned” user shared memory registers can be found by
subtracting sys.pushm from sys.Udata[i].a and reading the result in hexadecimal.
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5-8-4

CK3A Sample Definitions 4-Motors

// GATE3[@], CH. 1 - 4 AMPLIFIER FUNCTIONS
Gate3[0] .WpKey = $AAAAAAAA

#tdefine Gate3@WpDis

GLOBAL Ck3a@Clrf, Ck3a@FanCtrl, Ck3a@BusDisCtrl, Ck3aeDbCtrl

PTR Gate3@DataCtrl
PTR Ck3a@BusDisState
PTR Ck3a@ClrfBit

PTR Ck3a@FanState
PTR Ck3a@DbState

// CH. 1 - 4 ADC B REGISTERS [15:08]

PTR Ck3alAdcBData
PTR Ck3a2AdcBData
PTR Ck3a3AdcBData
PTR Ck3a4AdcBData

->U.I0:$90020C.16.4
->U.I10:$90020C.13.1
->U.10:$90020C.24.1
->U.I10:$90020C.25.1
->U.I10:$90020C.28.1

->U.10:$900024.8.8
->U.I0:$9000A4.8.8
->U.10:$900124.8.8
->U.I0:$9001A4.8.8

=================== //

// Gate3[@].Chan[@].AdcAmp[1]
// Gate3[@].Chan[1].AdcAmp[1]
// Gate3[@].Chan[2].AdcAmp[1]
// Gate3[@].Chan[3].AdcAmp[1]

// CH. 1 - 4 AMPLIFIER DATA ===================================== [/
GLOBAL Ck3alDcBus, Ck3alTemp, Ck3alFwVer, Ck3alCurRating

GLOBAL Ck3a2DcBus, Ck3a2Temp, Ck3a2FwVer, Ck3a2CurRating

GLOBAL Ck3a3DcBus, Ck3a3Temp, Ck3a3FwVer, Ck3a3CurRating

GLOBAL Ck3a4DcBus, Ck3a4Temp, Ck3ad4FwVer, Ck3adCurRating

// CH. 1, Gate3[@].Chan[@].AdcAmp[@], STATUS SET 1 ========z=z===z== //
PTR Ck3alPwrFlt ->U.I0:$900020.8.1

PTR Ck3alSoftStartFlt ->U.I0:$900020.9.1

PTR Ck3alStoStatus ->U.I0:$900020.10.1

PTR Ck3ailShuntShortFlt ->U.I10:$900020.11.1

PTR Ck3alOverVoltFlt ->U.I0:$900020.12.1

PTR Ck3alI2tF1lt ->U.I10:$900020.13.1

PTR Ck3alShortFlt ->U.I0:$900020.14.1

PTR Ck3alOverLoadFlt ->U.I0:$900020.15.1

// CH. 2, Gate3[@].Chan[1].AdcAmp[@], STATUS SET 1 =========z===z== //
PTR Ck3a2PwrFlt ->U.I0:$9000A0.8.1

PTR Ck3a2SoftStartFlt ->U.I0:$9000A0.9.1

PTR Ck3a2StoStatus ->U.I0:$9000A0.10.1

PTR Ck3a2ShuntShortFlt ->U.I0:$9000A0.11.1

PTR Ck3a20verVoltFlt ->U.I0:$9000A0.12.1

PTR Ck3a2I2tFlt ->U.I0:$9000A0.13.1

PTR Ck3a2ShortFlt ->U.I0:$9000A0.14.1

PTR Ck3a20verLoadFlt ->U.I0:$9000A0.15.1

// CH. 3, Gate3[@].Chan[2].AdcAmp[@], STATUS SET 1 ====z=z===z=z=z==z== //

PTR Ck3a3PwrFlt

PTR Ck3a3SoftStartFlt

PTR Ck3a3StoStatus

PTR Ck3a3ShuntShortFlt

PTR Ck3a30verVoltFlt
PTR Ck3a3I2tFlt

PTR Ck3a3ShortFlt
PTR Ck3a30OverLoadFlt

->U.I10:$900120.8.1

->U.I10:$900120.9.1

->U.I10:$900120.10.1
->U.I0:$900120.11.1
->U.I10:$900120.12.1
->U.I0:$900120.13.1
->U.10:$900120.14.1
->U.I10:$900120.15.1
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// CH. 4, Gate3[@].Chan[3].AdcAmp[@], STATUS SET 1 ============== //

PTR Ck3a4PwrFlt ->U.I10:$9001A0.8.1

PTR Ck3a4SoftStartFlt ->U.I10:$9001A0.9.1

PTR Ck3a4StoStatus ->U.I10:$9001A0.10.1

PTR Ck3a4ShuntShortFlt ->U.I10:$9001A0.11.1

PTR Ck3a40OverVoltFlt ->U.I0:$9001A0.12.1

PTR Ck3a4I2tFlt ->U.I0:$9001A0.13.1

PTR Ck3a4ShortFlt ->U.I10:$9001A0.14.1

PTR Ck3ad4OverLoadFlt ->U.10:$9001A0.15.1

// CH. 1, SYS.UDATA[256000] STATUS SET 2 ======================== [/

PTR Ck3alPwrStatus ->U.USER:$FA000.0.1

PTR Ck3alOverTempFlt ->U.USER:$FA000.2.1

PTR Ck3alShuntOverLFlt ->U.USER:$FA000.3.1

PTR Ck3alPwmFreqFlt ->U.USER:$FA000.4.1

PTR Ck3alPwmCmdFlt ->U.USER:$FA000.5.1 o

PTR Ck3alAmpEna ->U.USER:$FA000.6.1 g
&

// CH. 2, SYS.UDATA[256001] STATUS SET 2 ======================== [/ ;

PTR Ck3a2PwrStatus ->U.USER:$FA004.0.1 %

PTR Ck3a20verTempFlt ->U.USER:$FAQ04.2.1 '%

PTR Ck3a2ShuntOverLFlt ->U.USER:$FAQ04.3.1 o

PTR Ck3a2PwmFreqFlt ->U.USER:$FA004.4.1 o

PTR Ck3a2PwmCmdF1t ->U.USER: $FA004.5.1 ¢

PTR Ck3a2AmpEna ->U.USER:$FA004.6.1

// CH. 3, SYS.UDATA[256002] STATUS SET 2 ======================== [/

PTR Ck3a3PwrStatus ->U.USER:$FA008.0.1

PTR Ck3a30verTempFlt ->U.USER:$FA008.2.1 o

PTR Ck3a3ShuntOverLFlt ->U.USER:$FA008.3.1 i

PTR Ck3a3PwmFreqFlt ->U.USER:$FA008.4.1 O

PTR Ck3a3PwmCmdFlt ->U.USER:$FA008.5.1 5

PTR Ck3a3AmpEna ->U.USER:$FA008.6.1 ;
E|

// CH. 4, SYS.UDATA[256003] STATUS SET 2 ======================== [/ .%

PTR Ck3a4PwrStatus ->U.USER:$FA0OC.0.1 g

PTR Ck3a40verTempFlt ->U.USER:$FAQGOC.2.1 3

PTR Ck3a4ShuntOverLF1t  ->U.USER:$FA@OC.3.1 Z

PTR Ck3a4PwmFreqFlt ->U.USER:$FAQOC.4.1 @

PTR Ck3a4PwmCmdF1lt ->U.USER:$FAQOC.5.1 g

PTR Ck3a4AmpEna ->U.USER:$FAQOC.6.1 g.
7

// CH. 1, SYS.UDATA[256040] STATUS SET 3 ======================== [/

PTR Ck3alI2tint ->U.USER:$FAQAQ.2.1

PTR Ck3alAdcOffsetFlt ->U.USER:$FAQAD.4.1

PTR Ck3alReady ->U.USER:$FAQAD.6.1

// CH. 2, SYS.UDATA[256041] STATUS SET 3 ======================== [/

PTR Ck3a2I2tint ->U.USER:$FAQA4.2.1

PTR Ck3a2AdcOffsetFlt ->U.USER:$FAQA4.4.1

PTR Ck3a2Ready ->U.USER:$FAQA4.6.1

// CH. 3, SYS.UDATA[256042] STATUS SET 3 ======================== [/

PTR Ck3a3I2tint ->U.USER:$FAQA8.2.1

PTR Ck3a3AdcOffsetFlt ->U.USER:$FAQA8.4.1

PTR Ck3a3Ready ->U.USER:$FAQA8.6.1

// CH. 4, SYS.UDATA[256043] STATUS SET 3 ==========z===z=====z=z=z=z=z== [/

PTR Ck3a4I2tint ->U.USER:$FAQAC.2.1

PTR Ck3ad4AdcOffsetFlt ->U.USER:$FAQAC.4.1

PTR Ck3a4Ready ->U.USER:$FAQAC.6.1
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5-8-5 CK3A Sample PLC 4-Motors

OPEN PLC Ck3aPLC

// CH. 1 - 4 STATUS BITS SET 2
Gate3@WpDis Gate3@DataCtrl = @
CALL DelayTimer.msec(1)

Sys.Udata[256000] = Ck3alAdcBData
Sys.Udata[256001] = Ck3a2AdcBData
Sys.Udata[256002] = Ck3a3AdcBData

Sys.Udata[256003] = Ck3a4AdcBData
CALL DelayTimer.msec(1)

// CH. 1 - 4 STATUS BITS SET 3
Gate3@WpDis Gate3@DataCtrl = 1
CALL DelayTimer.msec(1)
Sys.Udata[256040] = Ck3alAdcBData

Sys.Udata[256041] = Ck3a2AdcBData
Sys.Udata[256042] = Ck3a3AdcBData
Sys.Udata[256043] = Ck3a4AdcBData

CALL DelayTimer.msec(1)

// CH. 1 - 4 DC BUS VOLTAGE
Gate3@WpDis Gate3@DataCtrl = 2
CALL DelayTimer.msec(1)

IF(Ck3alReady == @) Ck3alDcBus = Ck3alAdcBData * 4
IF(Ck3a2Ready == @) Ck3a2DcBus = Ck3a2AdcBData * 4
IF(Ck3a3Ready == @) Ck3a3DcBus = Ck3a3AdcBData * 4
IF(Ck3a4Ready == @) Ck3a4DcBus = Ck3ad4AdcBData * 4
CALL DelayTimer.msec(1)

// CH. 1 - 4 TEMPERATURE

Gate3@WpDis Gate3@DataCtrl = 3

CALL DelayTimer.msec(1)

IF(Ck3alReady == @) Ck3alTemp = Ck3alAdcBData
IF(Ck3a2Ready == @) Ck3a2Temp = Ck3a2AdcBData
IF(Ck3a3Ready == @) Ck3a3Temp = Ck3a3AdcBData
IF(Ck3a4Ready == @) Ck3ad4Temp = Ck3ad4AdcBData

CALL DelayTimer.msec(1)

// CH. 1 - 4 FIRMWARE VERSION

Gate3@WpDis Gate3@DataCtrl = 6

CALL DelayTimer.msec(1)

IF(Ck3alReady == @) Ck3alFwVer = Ck3alAdcBData
IF(Ck3a2Ready == @) Ck3a2FwVer = Ck3a2AdcBData
IF(Ck3a3Ready == @) Ck3a3FwVer = Ck3a3AdcBData
IF(Ck3a4Ready == @) Ck3ad4FwVer = Ck3ad4AdcBData
CALL DelayTimer.msec(1)

// CH. 1 - 4 CURRENT RATING

Gate3@WpDis Gate3@DataCtrl = 7

CALL DelayTimer.msec(1)

IF(Ck3alReady == @) Ck3alCurRating = Ck3alAdcBData
IF(Ck3a2Ready == @) Ck3a2CurRating = Ck3a2AdcBData
IF(Ck3a3Ready == @) Ck3a3CurRating = Ck3a3AdcBData

IF(Ck3ad4Ready == @) Ck3a4CurRating = Ck3a4AdcBData
CALL DelayTimer.msec(1)

// GATE3[@] CH. 1-4 BUS DISCHARGE CONTROL
IF(Ck3a@BusDisCtrl == 1 && Ck3a@BusDisState == 0) Gate3@WpDis Ck3a@BusDisState
IF(Ck3a@BusDisCtrl == O & Ck3a@BusDisState == 1) Gate3@wWpDis Ck3a@BusDisState

[}
® K
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// GATE3[@] CH. 1-4 FAN CTRL
IF(Ck3a@FanCtrl == 1 && Ck3a@FanState == @) Gate3@WpDis Ck3a@FanState
IF(Ck3a@FanCtrl == 0 && Ck3aOFanState == 1) Gate3@WpDis Ck3a@FanState

n
[

// GATE3[@] CH1-4 DYNAMIC BRAKE CONTROL
IF(Ck3a@DbCtrl == 1 && Ck3a@DbState == 1) Gate3@WpDis Ck3a@DbState
IF(Ck3a@DbCtrl == @ && Ck3a@DbState == @) Gate3@WpDis Ck3a@DbState

non
L]

// GATE3[@] CH. 1-4 CLEAR FAULT(S)
IF(Ck3aeClrf == 1)
{

Gate3@WpDis Ck3a@ClrfBit = 1
CALL DelayTimer.msec(10)
Gate3@WpDis Ck3aoClrfBit = ©

Ck3aoClrf = 0
}

// CH. 1 LOGIC POWER OFF?
IF(Ck3alReady == 1) Ck3alDcBus,4
IF(Ck3a2Ready == 1) Ck3a2DcBus,4
IF(Ck3a3Ready == 1) Ck3a3DcBus,4 =
IF(Ck3a4Ready == 1) Ck3a4DcBus,4 =
CLOSE

|
O 0O 00
$O7d sldwes veMD 8-G

SI010N-7 O1d 8ldwes vEMD G-8-G
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5-8-6 CK3A Sample Definitions 8-Motors

// GATE3[@], CH. 1 - 8 AMPLIFIER FUNCTIONS ====================== [/
#define Gate3eWpDis Gate3[@].WpKey = $AAAAAAAA
#define Gate31lWpDis Gate3[1].WpKey = $AAAAAAAA

GLOBAL Ck3a@Clrf, Ck3a@FanCtrl, Ck3a@BusDisCtrl, Ck3aeDbCtrl
GLOBAL Ck3alClrf, Ck3alFanCtrl, Ck3alBusDisCtrl, Ck3alDbCtrl

PTR Gate3@DataCtrl ->U.10:$90020C.16.4
PTR Ck3a@BusDisState ->U.I0:$90020C.13.1

PTR Ck3ao@ClrfBit ->U.10:$90020C.24.1
PTR Ck3a@FanState ->U.I10:$90020C.25.1
PTR Ck3a@DbState ->U.I10:$90020C.28.1

PTR Gate31DataCtrl ->U.10:$90420C.16.4
PTR Ck3alBusDisState ->U.I0:$90420C.13.1

PTR Ck3alClrfBit ->U.I0:$90420C.24.1

PTR Ck3alFanState ->U.10:$90420C.25.1

PTR Ck3alDbState ->U.I0:$90420C.28.1

// CH. 1 - 8 ADC B REGISTERS [15:08] ==============z=z=z=======z=z=z=== //
PTR Ck3alAdcBData ->U.I10:$900024.8.8 // Gate3[@].Chan[@©].AdcAmp[1]
PTR Ck3a2AdcBData ->U.I0:$9000A4.8.8 // Gate3[@].Chan[1].AdcAmp[1]
PTR Ck3a3AdcBData ->U.I10:$900124.8.8 // Gate3[@].Chan[2].AdcAmp[1]
PTR Ck3a4AdcBData ->U.10:$9001A4.8.8 // Gate3[@].Chan[3].AdcAmp[1]
PTR Ck3a5AdcBData ->U.I10:$904024.8.8 // Gate3[1].Chan[@©].AdcAmp[1]
PTR Ck3a6AdcBData ->U.I10:$9040A4.8.8 // Gate3[1].Chan[1].AdcAmp[1]
PTR Ck3a7AdcBData ->U.10:$904124.8.8 // Gate3[1].Chan[2].AdcAmp[1]
PTR Ck3a8AdcBData ->U.I0:$9041A4.8.8 // Gate3[1].Chan[3].AdcAmp[1]
// CH. 1 - 8 AMPLIFIER DATA ===================================== //

GLOBAL Ck3alDcBus, Ck3alTemp, Ck3alFwVer, Ck3alCurRating
GLOBAL Ck3a2DcBus, Ck3a2Temp, Ck3a2FwVer, Ck3a2CurRating
GLOBAL Ck3a3DcBus, Ck3a3Temp, Ck3a3FwVer, Ck3a3CurRating
GLOBAL Ck3a4DcBus, Ck3a4Temp, Ck3ad4FwVer, Ck3a4CurRating

GLOBAL Ck3a5DcBus, Ck3a5Temp, Ck3a5FwVer, Ck3a5CurRating
GLOBAL Ck3a6DcBus, Ck3a6Temp, Ck3a6FwVer, Ck3aé6CurRating
GLOBAL Ck3a7DcBus, Ck3a7Temp, Ck3a7FwVer, Ck3a7CurRating
GLOBAL Ck3a8DcBus, Ck3a8Temp, Ck3a8FwVer, Ck3a8CurRating

// CH. 1, Gate3[@].Chan[@].AdcAmp[@], STATUS SET 1 ============== //
PTR Ck3alPwrFlt ->U.10:$900020.8.1
PTR Ck3alSoftStartFlt ->U.10:$900020.9.1
PTR Ck3alStoStatus ->U.10:$900020.10.1
PTR Ck3alShuntShortFlt ->U.10:$900020.11.1
PTR Ck3alOverVoltFlt ->U.10:$900020.12.1
PTR Ck3alI2tFlt ->U.10:$900020.13.1
PTR Ck3alShortFlt ->U.10:$900020.14.1
PTR Ck3alOverLoadFlt ->U.I0:$900020.15.1
// CH. 2, Gate3[@].Chan[1].AdcAmp[@], STATUS SET 1 ============== //
PTR Ck3a2PwrFlt ->U.10:$9000A0.8.1
PTR Ck3a2SoftStartFlt ->U.I10:$9000A0.9.1
PTR Ck3a2StoStatus ->U.I10:$9000A0.10.1
PTR Ck3a2ShuntShortFlt ->U.I10:$9000A0.11.1
PTR Ck3a20verVoltFlt ->U.I10:$9000A0.12.1
PTR Ck3a2I2tFlt ->U.I10:$9000A0.13.1
PTR Ck3a2ShortFlt ->U.I0:$9000A0.14.1
PTR Ck3a20verLoadFlt ->U.10:$9000A0.15.1
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// CH. 3, Gate3[@].Chan[2].AdcAmp[@], STATUS SET 1 ============== //

PTR Ck3a3PwrFlt ->U.10:$900120.8.1

PTR Ck3a3SoftStartFlt ->U.10:$900120.9.1

PTR Ck3a3StoStatus ->U.10:$900120.10.1

PTR Ck3a3ShuntShortFlt ->U.10:$900120.11.1

PTR Ck3a30verVoltFlt ->U.I0:$900120.12.1

PTR Ck3a3I2tFlt ->U.I0:$900120.13.1

PTR Ck3a3ShortFlt ->U.10:$900120.14.1

PTR Ck3a30verLoadFlt ->U.10:$900120.15.1

// CH. 4, Gate3[@].Chan[3].AdcAmp[@], STATUS SET 1 ============== //

PTR Ck3a4PwrFlt ->U.I10:$9001A0.8.1

PTR Ck3a4SoftStartFlt ->U.I10:$9001A0.9.1

PTR Ck3a4StoStatus ->U.10:$9001A0.10.1

PTR Ck3a4ShuntShortFlt ->U.I0:$9001A0.11.1

PTR Ck3a40verVoltFlt ->U.I0:$9001A0.12.1 o

PTR Ck3a4I2tFlt ->U.10:$9001A0.13.1 g

PTR Ck3a4ShortFlt ->U.I10:$9001A0.14.1 é

PTR Ck3adOverLoadFlt ->U.10:$9001A0.15.1 ;
Q

// CH. 5, Gate3[1].Chan[0@].AdcAmp[@], STATUS SET 1 ============== // %

PTR Ck3a5PwrFlt ->U.10:$904020.8.1 o

PTR Ck3a5SoftStartFlt ->U.10:$904020.9.1 (';

PTR Ck3a5StoStatus ->U.I0:$904020.10.1 ¢

PTR Ck3a5ShuntShortFlt ->U.I0:$904020.11.1

PTR Ck3a50verVoltFlt ->U.10:$904020.12.1

PTR Ck3a5I2tFlt ->U.10:$904020.13.1

PTR Ck3a5ShortFlt ->U.10:$904020.14.1

PTR Ck3a50verLoadFlt ->U.10:$904020.15.1 o
oo

// CH. 6, Gate3[1].Chan[1].AdcAmp[@], STATUS SET 1 ============== [/ g

PTR Ck3a6PwrFlt ->U.10:$9040A0.8.1 3

PTR Ck3a6SoftStartFlt ->U.I10:$9040A0.9.1 ;

PTR Ck3a6StoStatus ->U.I10:$9040A0.10.1 %

PTR Ck3a6ShuntShortFlt ->U.I10:$9040A0.11.1 .%

PTR Ck3a60verVoltFlt ->U.10:$9040A0.12.1 g

PTR Ck3a6I2tFlt ->U.I10:$9040A0.13.1 3

PTR Ck3a6ShortFlt ->U.10:$9040A0.14.1 Z

PTR Ck3a60verLoadFlt ->U.I10:$9040A0.15.1 i
=

// CH. 7, Gate3[1].Chan[2].AdcAmp[@], STATUS SET 1 =========z=z=z=== // g.

PTR Ck3a7PwrFlt ->U.10:$904120.8.1 7]

PTR Ck3a7SoftStartFlt ->U.10:$904120.9.1

PTR Ck3a7StoStatus ->U.I0:$904120.10.1

PTR Ck3a7ShuntShortFlt ->U.10:$904120.11.1

PTR Ck3a70verVoltFlt ->U.10:$904120.12.1

PTR Ck3a7I2tFlt ->U.10:$904120.13.1

PTR Ck3a7ShortFlt ->U.10:$904120.14.1

PTR Ck3a70verLoadFlt ->U.10:$904120.15.1

// CH. 8, Gate3[1].Chan[3].AdcAmp[@], STATUS SET 1 ============== //

PTR Ck3a8PwrFlt ->U.I10:$9041A0.8.1

PTR Ck3a8SoftStartFlt ->U.I0:$9041A0.9.1

PTR Ck3a8StoStatus ->U.10:$9041A0.10.1

PTR Ck3a8ShuntShortFlt ->U.10:$9041A0.11.1

PTR Ck3a80verVoltFlt ->U.I10:$9041A0.12.1

PTR Ck3a8I2tFlt ->U.I10:$9041A0.13.1

PTR Ck3a8ShortFlt ->U.I10:$9041A0.14.1

PTR Ck3a80verLoadFlt ->U.10:$9041A0.15.1
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PTR Ck3alPwrStatus ->U.USER:$FA000.0.1
PTR Ck3alOverTempFlt ->U.USER:$FA000.2.1
PTR Ck3alShuntOverLFlt ->U.USER:$FA000.3.1
PTR Ck3alPwmFreqFlt ->U.USER:$FA000.4.1
PTR Ck3alPwmCmdF1lt ->U.USER:$FA000.5.1
PTR Ck3alAmpEna ->U.USER:$FA000.6.1

// CH. 2, SYS.UDATA[256001] STATUS SET 2 =======

PTR Ck3a2PwrStatus ->U.USER:$FAQ04.0.1
PTR Ck3a20verTempFlt ->U.USER:$FA004.2.1
PTR Ck3a2ShuntOverLFlt ->U.USER:$FA004.3.1
PTR Ck3a2PwmFreqFlt ->U.USER:$FAQ04.4.1
PTR Ck3a2PwmCmdF1lt ->U.USER:$FAQ04.5.1
PTR Ck3a2AmpEna ->U.USER:$FA004.6.1

// CH. 3, SYS.UDATA[256002] STATUS SET 2 =======

PTR Ck3a3PwrStatus ->U.USER:$FA008.0.1
PTR Ck3a30verTempFlt ->U.USER:$FA008.2.1
PTR Ck3a3ShuntOverLFlt ->U.USER:$FA008.3.1
PTR Ck3a3PwmFreqFlt ->U.USER:$FA008.4.1
PTR Ck3a3PwmCmdFlt ->U.USER:$FA008.5.1
PTR Ck3a3AmpEna ->U.USER:$FA008.6.1

// CH. 4, SYS.UDATA[256003] STATUS SET 2 =======

PTR Ck3a4PwrStatus ->U.USER:$FA0OC.0.1
PTR Ck3a40verTempFlt ->U.USER:$FAQOC.2.1
PTR Ck3a4ShuntOverLFlt ->U.USER:$FAQOC.3.1
PTR Ck3a4PwmFreqFlt ->U.USER:$FAQOC.4.1
PTR Ck3a4PwmCmdFlt ->U.USER:$FAQOC.5.1
PTR Ck3a4AmpEna ->U.USER:$FAQOC.6.1

// CH. 5, SYS.UDATA[256004] STATUS SET 2 =======

PTR Ck3a5PwrStatus ->U.USER:$FAQ010.0.1
PTR Ck3a50verTempFlt ->U.USER:$FAQ010.2.1
PTR Ck3a5ShuntOverLFlt ->U.USER:$FA010.3.1
PTR Ck3a5PwmFreqFlt ->U.USER:$FAQ010.4.1
PTR Ck3a5PwmCmdF1lt ->U.USER:$FAQ10.5.1
PTR Ck3a5AmpEna ->U.USER:$FA010.6.1

// CH. 6, SYS.UDATA[256005] STATUS SET 2 =======

PTR Ck3a6PwrStatus ->U.USER:$FA014.0.1
PTR Ck3a60verTempFlt ->U.USER:$FAQ14.2.1
PTR Ck3a6ShuntOverLFlt ->U.USER:$FAQ14.3.1
PTR Ck3a6PwmFreqFlt ->U.USER:$FAQ14.4.1
PTR Ck3a6PwmCmdF1lt ->U.USER:$FAQ14.5.1
PTR Ck3a6AmpEna ->U.USER:$FA014.6.1

// CH. 7, SYS.UDATA[256006] STATUS SET 2 =======

PTR Ck3a7PwrStatus ->U.USER:$FA018.0.1
PTR Ck3a70verTempFlt ->U.USER:$FAQ18.2.1
PTR Ck3a7ShuntOverLFlt ->U.USER:$FA018.3.1
PTR Ck3a7PwmFreqFlt ->U.USER:$FAQ18.4.1
PTR Ck3a7PwmCmdF1lt ->U.USER:$FA018.5.1
PTR Ck3a7AmpEna ->U.USER:$FAQ18.6.1

// CH. 8, SYS.UDATA[256007] STATUS SET 2 =======

PTR Ck3a8PwrStatus ->U.USER:$FAQ1C.0.1
PTR Ck3a80verTempFlt ->U.USER:$FAQ1C.2.1
PTR Ck3a8ShuntOverLFlt ->U.USER:$FAQ1C.3.1
PTR Ck3a8PwmFreqFlt ->U.USER:$FAQ1C.4.1
PTR Ck3a8PwmCmdF1lt ->U.USER:$FAQ1C.5.1
PTR Ck3a8AmpEna ->U.USER:$FAQ1C.6.1
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PTR Ck3alI2tint ->U.USER:$FAGAQ.2.1
PTR Ck3alAdcOffsetFlt ->U.USER:$FAGA0.4.1
PTR Ck3alReady ->U.USER:$FAGA0.6.1

PTR Ck3a2I2tint ->U.USER:$FAQA4.2.1

PTR Ck3a2AdcOffsetFlt ->U.USER:$FAOA4.4.1

PTR Ck3a2Ready ->U.USER:$FAOGA4.6.1

// CH. 3, SYS.UDATA[256042] STATUS SET 3 ======================== //

PTR Ck3a3I2tint ->U.USER:$FAGA8.2.1

PTR Ck3a3AdcOffsetFlt ->U.USER:$FAGA8.4.1

PTR Ck3a3Ready ->U.USER:$FAGA8.6.1

// CH. 4, SYS.UDATA[256043] STATUS SET 3 ======================== [/ o

PTR Ck3a4I2tint ->U.USER:$FAQAC.2.1 g

PTR Ck3a4AdcOffsetFlt ->U.USER:$FAQAC.4.1 é

PTR Ck3a4Ready ->U.USER:$FAQAC.6.1 ;
Q

// CH. 5, SYS.UDATA[256044] STATUS SET 3 ======================== [/ %

PTR Ck3a5I2tint ->U.USER:$FAGBO.2.1 o

PTR Ck3a5AdcOffsetFlt ->U.USER:$FAGBO.4.1 o

PTR Ck3a5Ready ->U.USER:$FA0BO.6.1 ¢

// CH. 6, SYS.UDATA[256045] STATUS SET 3 ======================== [/

PTR Ck3a6I2tint ->U.USER:$FA@B4.2.1

PTR Ck3a6AdcOffsetFlt ->U.USER:$FA@B4.4.1

PTR Ck3a6Ready ->U.USER:$FA@B4.6.1 o
s

// CH. 7, SYS.UDATA[256046] STATUS SET 3 =============z========== // o

PTR Ck3a7I2tint ->U.USER:$FA©@BS.2.1 5

PTR Ck3a7AdcOffsetFlt ->U.USER:$FAOB8.4.1 ;

PTR Ck3a7Ready ->U.USER:$FAO@B8.6.1 %
s

// CH. 8, SYS.UDATA[256047] STATUS SET 3 ======================== [/ g

PTR Ck3a8I2tint ->U.USER:$FA@GBC.2.1 3

PTR Ck3a8AdcOffsetFlt ->U.USER:$FA@BC.4.1 (E;

PTR Ck3a8Ready ->U.USER:$FA@BC.6.1 i
5
=}
7]
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5 Software Configuration

5-8-7

CK3A Sample PLC 8-Motors

OPEN PLC Ck3aPLC

// CH. 1 - 8 STATUS BITS SET 2
Gate3@WpDis Gate3@DataCtrl =
Gate31WpDis Gate31lDataCtrl =
CALL DelayTimer.msec(1)

Sys.Udata[256000] = Ck3alAdcBData
Sys.Udata[256001] = Ck3a2AdcBData
Sys.Udata[256002] = Ck3a3AdcBData
Sys.Udata[256003] = Ck3a4AdcBData
Sys.Udata[256004] = Ck3aS5AdcBData
Sys.Udata[256005] = Ck3a6AdcBData
Sys.Udata[256006] = Ck3a7AdcBData
Sys.Udata[256007] = Ck3a8AdcBData

CALL DelayTimer.msec(1)

// CH. 1 - 8 STATUS BITS SET 3
Gate3eWpDis Gate3eDataCtrl =
Gate31WpDis Gate3lDataCtrl =
CALL DelayTimer.msec(1)

Sys.Udata[256040] = Ck3alAdcBData
Sys.Udata[256041] = Ck3a2AdcBData
Sys.Udata[256042] = Ck3a3AdcBData
Sys.Udata[256043] = Ck3a4AdcBData
Sys.Udata[256044] = Ck3a5AdcBData
Sys.Udata[256045] = Ck3a6AdcBData
Sys.Udata[256046] = Ck3a7AdcBData
Sys.Udata[256047] = Ck3a8AdcBData

CALL DelayTimer.msec(1)

// CH.

1 - 8 DC BUS VOLTAGE

Gate3@WpDis Gate3@DataCtrl =
Gate31WpDis Gate3lDataCtrl =

CALL DelayTimer.msec(1)

IF(Ck3alReady == @) Ck3alDcBus = Ck3alAdcBData
IF(Ck3a2Ready == @) Ck3a2DcBus = Ck3a2AdcBData
IF(Ck3a3Ready == @) Ck3a3DcBus = Ck3a3AdcBData
IF(Ck3a4Ready == @) Ck3a4DcBus = Ck3a4AdcBData
IF(Ck3a5Ready == @) Ck3a5DcBus = Ck3a5AdcBData
IF(Ck3a6Ready == @) Ck3aéDcBus = Ck3a6AdcBData
IF(Ck3a7Ready == @) Ck3a7DcBus = Ck3a7AdcBData
IF(Ck3a8Ready == @) Ck3a8DcBus = Ck3a8AdcBData
CALL DelayTimer.msec(1)

// CH. 1 - 8 TEMPERATURE

Gate3@WpDis Gate3eDataCtrl = 3

Gate31WpDis Gate31lDataCtrl = 3

CALL DelayTimer.msec(1)

IF(Ck3alReady == @) Ck3alTemp = Ck3alAdcBData
IF(Ck3a2Ready == @) Ck3a2Temp = Ck3a2AdcBData
IF(Ck3a3Ready == @) Ck3a3Temp = Ck3a3AdcBData
IF(Ck3a4Ready == @) Ck3ad4Temp = Ck3a4AdcBData
IF(Ck3a5Ready == @) Ck3a5Temp = Ck3a5AdcBData
IF(Ck3a6Ready == @) Ck3a6Temp = Ck3a6AdcBData
IF(Ck3a7Ready == @) Ck3a7Temp = Ck3a7AdcBData
IF(Ck3a8Ready == 0) Ck3a8Temp = Ck3a8AdcBData

CALL DelayTimer.msec(1)

* Ok X K ¥ X ¥ ¥
Lo TR TR T T -
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5 Software Configuration

// CH. 1 - 8 FIRMWARE VERSION
Gate3@WpDis Gate3eDataCtrl =
Gate31WpDis Gate3lDataCtrl =
CALL DelayTimer.msec(1)

IF(Ck3alReady == @) Ck3alFwVer = Ck3alAdcBData
IF(Ck3a2Ready == @) Ck3a2FwVer = Ck3a2AdcBData
IF(Ck3a3Ready == @) Ck3a3FwVer = Ck3a3AdcBData
IF(Ck3a4Ready == @) Ck3ad4FwVer = Ck3ad4AdcBData
IF(Ck3a5Ready == @) Ck3a5FwVer = Ck3a5AdcBData
IF(Ck3a6Ready == @) Ck3a6FwVer = Ck3a6AdcBData

IF(Ck3a7Ready == @) Ck3a7FwVer = Ck3a7AdcBData
IF(Ck3a8Ready == @) Ck3a8FwVer = Ck3a8AdcBData
CALL DelayTimer.msec(1)

// CH. 1 - 8 CURRENT RATING

Gate3oWpDis Gate3@DataCtrl = o
Gate31WpDis Gate31DataCtrl = g
CALL DelayTimer.msec(1) P
IF(Ck3alReady == @) Ck3alCurRating = Ck3alAdcBData ;
IF(Ck3a2Ready == @) Ck3a2CurRating = Ck3a2AdcBData %
IF(Ck3a3Ready == @) Ck3a3CurRating = Ck3a3AdcBData ?%
IF(Ck3a4Ready == @) Ck3a4CurRating = Ck3a4AdcBData o
IF(Ck3a5Ready == @) Ck3a5CurRating = Ck3aS5AdcBData O
IF(Ck3a6Ready == @) Ck3a6CurRating = Ck3a6AdcBData ¢
IF(Ck3a7Ready == @) Ck3a7CurRating = Ck3a7AdcBData

IF(Ck3a8Ready == @) Ck3a8CurRating = Ck3a8AdcBData

CALL DelayTimer.msec(1)

// GATE3[@] CH. 1-4 BUS DISCHARGE CONTROL o
IF(Ck3a@BusDisCtrl == 1 && Ck3a@BusDisState == 9) Gate3@WpDis Ck3a@BusDisState = 1 f
IF(Ck3a@BusDisCtrl == @ && Ck3a@BusDisState == 1) Gate3@WpDis Ck3a@BusDisState = © O
// GATE3[0] CH. 1-4 FAN CTRL P
IF(Ck3a@FanCtrl == 1 & Ck3a@FanState == @) Gate3@WpDis Ck3a@FanState = 1 i
IF(Ck3a@FanCtrl == @ &% Ck3a@FanState == 1) Gate3@WpDis Ck3a@FanState = © %
// GATE3[0©] CH1-4 DYNAMIC BRAKE CONTROL E%
IF(Ck3a@DbCtrl == 1 && Ck3a@DbState == 1) Gate3@wWpDis Ck3a@DbState = © R
IF(Ck3aeDbCtrl == @ && Ck3a@DbState == @) Gate3@wWpDis Ck3a@DbState = 1 S

=
// GATE3[1] CH. 5-8 BUS DISCHARGE CONTROL g
IF(Ck3alBusDisCtrl == 1 && Ck3alBusDisState == @) Gate31WpDis Ck3alBusDisState = 1 7]
IF(Ck3alBusDisCtrl == © && Ck3alBusDisState == 1) Gate31WpDis Ck3alBusDisState = ©

// GATE3[1] CH. 5-8 FAN CTRL
IF(Ck3alFanCtrl == 1 &% Ck3alFanState == @) Gate31lWpDis Ck3alFanState
IF(Ck3alFanCtrl == 0 && Ck3alFanState == 1) Gate31lWpDis Ck3alFanState
// GATE3[1] CH5-8 DYNAMIC BRAKE CONTROL

IF(Ck3alDbCtrl == 1 && Ck3alDbState == 1) Gate31lWpDis Ck3alDbState
IF(Ck3alDbCtrl == @ && Ck3alDbState == ©) Gate31lWpDis Ck3alDbState

non
o B

n
»r ®

// GATE3[@] CH. 1-4 CLEAR FAULT(S)
IF(Ck3aeClrf == 1)
{

Gate3@WpDis Ck3a@ClrfBit = 1
CALL DelayTimer.msec(10)
Gate3@WpDis Ck3aoClrfBit = ©
Ck3aoClrf =

}
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5 Software Configuration

// GATE3[1] CH. 5-8 CLEAR FAULT(S)
IF(Ck3alClrf == 1)
{

Gate31WpDis Ck3alClrfBit = 1
CALL DelayTimer.msec(10)
Gate31WpDis Ck3alClrfBit = ©

Ck3alClrf = ©

}

// CH. 1 - 8 LOGIC POWER OFF?
IF(Ck3alReady == 1) Ck3alDcBus,4 = @
IF(Ck3a2Ready == 1) Ck3a2DcBus,4 = @
IF(Ck3a3Ready == 1) Ck3a3DcBus,4 = 0
IF(Ck3a4Ready == 1) Ck3a4DcBus,4 = 0
IF(Ck3a5Ready == 1) Ck3a5DcBus,4 = @
IF(Ck3a6Ready == 1) Ck3a6éDcBus,4 = @
IF(Ck3a7Ready == 1) Ck3a7DcBus,4 = 0
IF(Ck3a8Ready == 1) Ck3a8DcBus,4 = 0
CLOSE

5-8-8 Enabling the CK3A PLC on Power-up

Enabling the CK3A PLC on power-up can be done using the startup.txt file under Configuration in the
IDE project.

4 [T] CK3A-G3 DPWM Manual
= Systemn
=  Language
O pp_custom_save.cfg
[ pp_custom_save.tpl
=] pp_disabletxt
=] pp_inc_disable.txt
=] pp_inc_startup.txt
N pp_save.cfg
B pp_startup.ict
[ systemsetup.cfg
[+ Decurmentation
[+ Log
[+ PMAC Script Language

pp_startup.txt ® X

ENABLE PLC Ck3aPLC

Additional Information

The ENABLE PLC command refers to the name of the PLC, not the file.
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5-8-9 Using the CK3A PLC

I Functions control

The suggested Amplifier functions structure looks like Ck3a{i}{function name} where:
o {i} is the Gate3 index
¢ {function name} is the desired function

Following, is a summary of the possible commands:

|E| Precautions for Correct Use

The desired ADC Strobe Word resulting from function changes must be updated and saved

[&)]

in the main project file or configuration to apply in subsequent power cycles. &

2

p

Ch. Clear Errors Dynamic Brake Control Fan Control Bus Discharge Control o

Gate3[0] Ck3a0Clrf=1 Ck3a0DbCtrl=1 for ON Ck3a0FanCtri=1 ON Ck3a0BusDisCtrl=1 ON -3

Ch.1-4 Ck3a0DbCtrl=0 for OFF Ck3a0FanCtrl=0 Auto Ck3a0BusDisCtrl=0 OFF %

o

Gate3[1] Ck3a1ClIrf=1 Ck3a1DbCtrl=1 for ON Ck3a1FanCtrl=1 ON Ck3a1BusDisCtrl=1 ON &
Ch.5-8 Ck3a1DbCtrl=0 for OFF Ck3a1FanCtrl=0 Auto Ck3a1BusDisCtrl=0 OFF

Additional Information

The Ck3a[i]Clrf parameter is set back to 0 automatically by the PLC.

[VI Precautions for Correct Use

Do not toggle the dynamic brake setting ON/OFF when the Amplifier is enabled.

O71d VEMD 8us Buisn 6-8-G
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5 Software Configuration

I Reading Data

o {x} is the Motor/Amplifier number
o {data name} is the desired data to be read

These variables can be placed in the IDE watch window for monitoring, used in PLC programs, or
operator interface display. Following, are read examples.

Channel 1

Watch #> 0 X

Command/Query +~ Response

Ck3a1DcBus 294
Ck3a1Temp 25
Ck3a1FwVer 60
Ck3a1CurRating 5

Watch #-AXx

Command/Query «* Response
Ck3a1DcBus,4 294 23 60 5

The suggested Amplifier data structure looks like Ck3a{x}{data name} where:

Channels 1 -4

Watch fo w4

Command/Query +~ Response

Ck3a1DcBus,4,4 294 298 300 294
Ck3a1Temp,4,4 23282524
Ck3a1FwVer,4,4 60 60 60 60
Ck3a1CurRating, 44 55510

Watch #vAXx

Command/Query + Response

Ck3a1DcBus,4 294 23 60 5
Ck3a2DcBus,4 298 28 60 5
Ck3a3DcBus,4 300 2560 5
Ck3a4DcBus,4 294 24 60 10

I% Additional Information

o The {variable},{n} syntax reports the next n consecutive variables.

o The {variable},{n},{m} syntax reports the next n variables separated by m variables.
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5 Software Configuration

The suggested Amplifier status structure looks like Ck3a {x} {status name} where:

o {x} is the Motor/Amplifier number

o {Status name} is the desired status to be read

These variables can be placed in the IDE watch window for monitoring, used in PLC programs, or
operator interface display. Following, are read examples.

Channel 1 Channels 1 -4
Watch # > 0 X
Command/Query = Response Command/Query «* Response
Ck3a1PwrFlt 0 Ck3a1PwrFlt,8 00000000 g
Ck3alSoftStartFlit 0 Ck3alPwrStatus,6 100001  co Q
Ck3a1Stostatus 0 Ck3all2tint,3 000 o
S OO (*C o5, ¢ 1100001 ot |
Ck3alOverVoliFlt 0 %@& Qoo s 000 o z
Ch3all2tFlt 0 Ck3a3PwrFlt,8 00000000
Ck3a1shortFit 0 Ck3a3PwrStatus6 100001 .2
Ck3a10OverLoadFlt 0 Ck3a312tint 3 000
Ck3a1PwrStatus 1 Ck3a4PwrFlt,8 00000000 o
Ck3a1OverTempFlt 0 & Ck3adPwrStatus,6 100001 co.* g
Ck3a1ShuntOverlLFIt 0 @96 Ck3a4l2tint,3 000 2
Ck3alPwmFregFlt 0 &% E
Ck3a1PwmCmdFlt 0 g
Ck3a1AmpEna 1 =
Ck3a1l2tint 0 o2 o
Ck3alAdcOffsetflt 0 o
Ck3a1Ready o %
Command/Query <~ Response
Ck3a1PwrFlt,8 00000000 Set1
Ck3a1PwrStatus,6 100001 Set 2
Ck3a1l2tint,3 000 Set 3
—= Additional Information

The {variable}{,n} syntax reports the next n consecutive variables.
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Troubleshooting
I

This section describes the LED indications, error display codes, and troubleshooting methods of the
CK3A Direct PWM Amplifier.

T N I 1 0 I 15 T [T o 1 o 6-2
6-2 Display Codes.......oooiiiiiimmmiiiiiiierrrrreessss s e s e s s s nnss s s s s s s e s s nnnn s aa s s e e e e nnnnnnn 6-3
6-2-1 Normal Mode OPEratioN............ccooiiuiiiiiii e e 6-3
L o) g 0o o Y PR RRR 6-3
6-2-3 Troubleshooting Error Codes.........cuviiiiiiiiiicceee e 6-5
6-2-4 Fault TRreShOIAS ......ccooiiieeeee e 6-8
6-2-5 Amplifier Operation TroublesShooting ...........cccccviiiiiiiiiii e 6-9
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6 Troubleshooting

6-1

LED Indicators

The following LED indicators are located on the front Amplifier. Below, is a description of their color

designation and description.

Name

Logic
Power

Amplifier

Enabled

STO

Shunt

Bus

Indicator

[ PWR |
(| PWR |
[ ENA |
[ ENA |
[ sTo |
[ sto

[ sHu |
[ sHu |
| Bus |
| Bus |

Status Color
Lit Green
Not lit -

Lit Green
Not lit -

Lit Green
Lit Red
Lit Green
Not lit -

Lit Red
Dim Red
Very dim -

Not lit -

% Additional Information

Description

24V logic power applied and within range

24V logic power not applied, or not within range
(Amplifier OFF)

Amplifier is enabled
(e.g. OUT or JOG PMAC command, servo ON)

Amplifier is disabled
(KILL PMAC command, servo OFF, or Amplifier OFF)

Power drivers energized, normal operation
(can servo Motor)

Power drivers not energized, STO triggered or not disabled
(cannot servo Motor)

Shunt operation is active (chasing energy, or braking)
(usually blinks for very short time during high load deceleration)

Shunt operation is not active
(normal operation, no issue)

Bus link charged
(main circuit power applied, capacitors charged)

Bus link is dissipating energy
(main circuit power removed)

Finished discharging, logic power is ON (always residual ~20V)
Or Amplifier OFF for less than ~5 min

Amplifier has been OFF for longer than ~5 min

e The intensity of the BUS LED is directly proportional to the voltage level in the DC link
o [f the logic power input is less than 22.0VDC or greater than 26.4VDC in the

CK3A-G305L or CK3A-G310L, the Amplifier logic power will turn OFF.
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6 Troubleshooting

6-2 Display Codes

This section describes the error codes on the dual 7-segment display.

6-2-1 Normal Mode Operation

In normal mode operation, the Amplifier displays the following code.

Display Fault Description
No fault Amplifier OFF
Amplifier not enabled
Nofault  motor KILLED, servo OFF)
=V =0 »
o
(- w)
’ l No fault Amplifier enabled S
Ll (PMAC command OUT or closed loop like JOG, servo ON) 2
@]
o
No fault Low voltage mode set (strobe word setting on CK3A-G305L"" and CK3A-G320L) §
’ Amplifier not enabled (Motor KILLED, servo OFF)
’_ . If Low voltage mode NOT set and bus voltage drops to 80 — 100VDC (Amplifier is NOT
- Warning .
disabled)
] l-l No fault Low voltage mode set (strobe word setting on CK3A-G305L™ and CK3A-G320L)
’ I " Amplifier enabled (PMAC command OUT or closed loop like JOG, servo ON)

*1. LV short-circuit wire must also be installed on CN1 on CK3A-G305L.

6-2-2 Error Codes

In the event of a fault, the Amplifier displays error codes and turns OFF the power driver circuit.

uoneladO epo [BWION L-Z-9

Display Fault Description Reset
”-’ ,’ PWM Frequency The detected PWM frequency is out of the permissible range gfjtr
l_l _I PWM Command The PWM command stayed ON for too long causing the IPM transistors Clear
’ ’ to conduct continuously Fault
l-' -l The detected ADC clock frequency is out of the permissible range Auto
I~ ADC Clock [2.450 — 6.250] MHz resets
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6 Troubleshooting

Display Fault Description Reset
,’-,' " Main Power Circuit = The main circuit power input (AC or DC) is not present or removed r:sgt)s
,'l -’ Logic
- - Soft Start Overload = Too many main circuit power cycles without enough time in between power
’ , ’_ cycle
," -, Logic
i Shunt Short Circuit  Short circuit detected in shunt circuitry power
’ , _’ cycle
’,-,' ,-,, Shunt Overload Exceeded maximum continuous time (2 seconds) of shunt or braking gfjtr
,-,' ,-, Over Voltage Internal bus voltage exceeded threshold (403VDC) gfjtr
- Enable/
- - STO input STO disable short-circuit wire not installed or STO input(s) removed Clear
’ , ’_, Fault
,,-,’ ,’ Over Temperature Power module temperature exceeded threshold (80°C) gfjtr
S Time allowed at 200% nominal output exceeded threshold (2 seconds)
111 2T for CK3A-G305L or CK3A-G310L. Clear
J 1) Time allowed at 300% nominal output exceeded threshold (2 seconds) Fault
— for CK3A-G320L.
,', ,-’ Logic
- - ADC Offset Current ADC offsets greater than allowed value (Amplifier firmware) power
' , _, cycle
,_' , Short Circuit Tlmg allowed at maximum power module output exceeded threshold Clear
J 1) (3 microseconds) Fault
,-’ , Overload Time allowed at maximum specified output of Amplifier exceeded Clear
I 1) threshold (6 milliseconds) Fault

Precautions for Correct Use

=

e Allow 5 minutes to cool down after Soft Start A2 fault.

o Soft start (A2), Shunt short circuit (A3), ADC offset (A9), and short circuit (AC) faults
require logic power cycle to clear display errors.

e Display errors can only be cleared when the fault condition is removed.

I% Additional Information

e Some display errors are reset automatically as soon as the fault condition is removed.

e Some errors can be cleared by enabling the Amplifier or clearing fault using the ADC
Strobe Word.
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6 Troubleshooting

6-2-3 Troubleshooting Error Codes

Display Error and Troubleshooting

Amplifier OFF
o Check logic power supply and wiring, measure 24VDC input, make sure it is between 22.0 - 26.4VDC

Under Voltage Warning (if AC main power supply input)

- o If in low voltage mode, this is normal indication
o If main power supply is AC and voltage drops to 80 — 100VDC, warning (Amplifier is NOT disabled)
e Check main circuit (AC) power supply and wiring

Main Power Supply Fault

e Check main circuit (AC or DC) power supply and wiring
o If low voltage mode set, make sure low voltage short-circuit wire on CN1 is installed
 If low voltage mode set, make sure ADC Strobe Word bit#21 (LV Mode) is set to 1

Soft Start Overload

e Reduce number of main circuit power cycling in machine operation

o |If discharge mode is OFF, make sure to allow minimum 10 seconds between main power cycles
¢ |f discharge mode is ON, make sure to allow minimum 1 minute between main power cycles

o Allow 5 minutes to cool down after fault

sepo) Aeldsia z-9

Shunt Short Circuit

o If using internal shunt, make sure B2-B3 short-circuit (CN1) is correct wire gauge and installed properly
' , _’ o If using external shunt, check wiring connection to CN1

o Measure external shunt resistance, make sure it is not infinite

o Make sure external shunt wires are not shorting with other wires in the panel

Shunt Overload

o |If using external resistor, make sure the specifications comply with the recommended shunt resistor
e Use the recommended shunt resistor

o Measure shunt resistance, make sure it is not infinite

e Try reducing Motor deceleration profile

o A4 is also displayed when over voltage A5 fault occurs (this is normal)

sepo) Joiig Buooyss|gnoil €-z2-9

Over Voltage

o If using external shunt, use recommended resistor, check connection to CN1

o Measure shunt resistance, make sure it is not lower than expected/specification
* Read reported voltage in the IDE, make sure it is within expected range

e Try reducing Motor deceleration profile

— e Ifusing internal shunt, make sure B2-B3 short-circuit (CN1) is correct wire gauge and installed properly
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6 Troubleshooting

Display

I
11

Error and Troubleshooting

STO Input

e The STO error display A6 is latched until cleared by ADC Strobe Word or Amplifier enabled (servo ON)
o If not using the STO input, make sure STO disable short-circuit between CN4.1 and CN4.2 is installed
o If using the STO input, make sure CN4.2 is open (floating)

o If using the STO input, verify the wiring, measure 24VDC on CN4.1

o If there is no 24VDC on CN4.1, make sure logic power is ON

o If using the STO input, measure 24VDC on STO1, and STO2 inputs

e Check STO LED change when the CN4 connector is plugged/unplugged

Over Temperature

e Make sure operation environment is within specifications described in this manual

o Make sure cabinet and mounting clearances are within specifications described in this manual
o Make sure that the fan is not clogged with dust or debris

o Check if the fan is operational, visual, feel air blowing

e Toggle fan ON/OFF from IDE

12T Integrated Current Fault

e Check Motor wiring for loose connection or intermittent short circuits

o Make sure Motor is not pushing against hard surface constantly

o If Motor has a brake, make sure it is disengaged during motion

o |f using CK3A-G305L, consider using CK3A-G310L or CK3A-G320L for more power
o If using CK3A-G310L, consider using CK3A-G320L for more power

o Try reducing Motor acceleration/deceleration profile

ADC Offset

o Clear fault using ADC Strobe Word
o Cycle logic power

Short Circuit

o Make sure not to toggle the dynamic brake ON/OFF setting if the Ampilifier is enabled (servo ON)
o Make sure Motor wiring is correct and using proper wire gauge

e Check that none of the Motor leads are shorted or tied to ground

o Measure Motor phase-phase resistances and make sure they are consistent

e Try reducing Motor acceleration/deceleration profiles

Overload

o |f the dynamic brake function is ON, do not KILL (servo OFF) Motor before issuing JOG/ and Motor
comes to a stop

o If the dynamic brake function is ON, make sure to wait a minimum of 50 milliseconds after enabling the
Amplifier before commanding motion

« If the dynamic brake function is ON, after the Motor is KILLED (servo OFF), make sure to wait a
minimum of 500 milliseconds before servo-ing the Motor again

o Make sure Motor wiring is using proper wire gauge and wired correctly

o Check that the Motor chassis is grounded and does not have potential voltage

o Measure Motor phase-phase resistances and make sure they are consistent

o Make sure that the main circuit connection is using proper wire gauge and wired correctly
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Display Error and Troubleshooting
PWM frequency out of range

o Make sure the PWM frequency setting in the Controller is within range
,—, ' ¢ Read PWM frequency reported by Amplifier in IDE software
, , e Check PWM connection, makes sure connector is plugged in tightly
o Try plugging the PWM cable in another servo channel (to see if it is a bad Controller card)
o Try replacing the PWM cable
e Check Motor wiring for loose connection or intermittent short circuits

PWM command (saturation) ON for too long

L’ -’ o Make sure the PWM frequency setting in the Controller is within range [8 — 20] KHz
’_ o Make sure that Motor[x].PwmSf is set correctly
o Try reducing Motor acceleration profile

ADC clock out of range

,-' -I o Make sure the ADC clock frequency setting in the Controller is within range [2.450 — 6.250] MHz
,- :, » Check PWM cable and (loose) connection

o Try plugging the PWM cable in another servo channel (to see if it is a bad Controller card)

o Try replacing the PWM cable

sepo) Aeldsia z-9

Additional Information

If a fault condition persists and re-occurs after performing all the troubleshooting steps
described above, then replace the Amplifier.

Precautions for Safe Use

The CK3A Direct PWM Amplifier does not error if a phase is lost in three-phase operation
because it is designed to operate with single- or three-phase AC main power
interchangeably.

sepo) Joug Buooyss|gnoi] €-z2-9
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6 Troubleshooting

6-2-4 Fault Thresholds

Item Error  Threshold
Over voltage (A5) A5 403 VDC
Shunt turn ON - 390 VDC
Shunt turn OFF - 370 VDC
Under Voltage Warning L- If AC main power supply and voltage is between 80-100VDC
Under voltage (A1) — Normal AC mode A1l 80 VDC
Under voltage (A1) — Low voltage mode A1 43VDC
Over temperature trip (A7) A7 80 °C
Over temperature release - 70 °C
Automatic fan turn ON - 35°C
Automatic fan turn OFF - 32°C
CK3A-G305L > 6 msec @ 15.55 Apeak
Overload (AL) CK3A-G310L AL > 6 msec @ 28.85 Apeak
CK3A-G320L > 6 msec @ 90.91 Ageax
CK3A-G305L 5.1 Ams
I2T integration start CK3A-G310L - 10.1 Ams
CK3A-G320L 20.1 Ams
CK3A-G305L > 2 seconds @ 10 Arms
I2T trip time CK3A-G310L A8 > 2 seconds @ 20 Ams
CK3A-G320L > 2 seconds @ 60 Ams

6-8 CK3A-series Direct PWM Amplifier User’s Manual (0050)



6-2-5

Issue

Error on 7-segment display

STO LED not lit
BUS LED not lit

Amplifier does not turn ON
(blank 7-segment display,
PWR LED not lit)

ENA LED not turning ON

Bus does not dissipate in
discharge mode

Amplifier Operation Troubleshooting

Possible Root Cause

e Fault condition occurred
o Amplifier damage

o Amplifier damage

e Main circuit supply is OFF
o Amplifier damage / burned LED

e Logic power not supplied

e Logic power out of range

¢ Wire gauge too thin

o Wiring

o Amplifier damage

* Not enabled (servo OFF)

e Fault in Controller

e Bad PWM cable

¢ Fault condition occurred

o Amplifier damage / burned LED

e Internal shunt resistor short-
circuit wire not installed

e External shunt resistor not
installed

e External shunt resistor used is
not within specifications

o ADC Strobe Word setting for
discharge ON mode not set

¢ Logic power removed too fast
after main power removal

Additional Information

6 Troubleshooting

Checks and Measures

* Refer to Troubleshooting Error Codes section,
remove fault condition, and reset display error

¢ Refer to A1 error code troubleshooting

o Power supply is within specifications
o Power supply is operational

* Wiring uses the correct wire gauge
* Wiring is correct

e Enable Amplifier (servo ON)

o Motor[x].AmpEna must be 1 in PMAC

e Replace PWM cable

o Refer to Troubleshooting Error Codes section,
remove fault condition, and reset display error

o Make sure CN1 short-circuit wire for internal
shunt is using proper gauge, and wired
correctly

o Make sure external shunt resistor is installed
and wired correctly

e Use recommended Omron external shunt or
shunt with correct specifications

o Set ADC Strobe Word correctly for discharge
ON, check status bit in ADC registers

o After removing main power, wait minimum 5
seconds before removing logic power

When the Amplifier is ON, the STO LED must always be lit either red or green.

CK3A-series Direct PWM Amplifier User’s Manual (0050)
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6 Troubleshooting
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A Appendices

A-1 Automatic Motor Setup Using IDE

This section describes the steps for setting up a brushless servo Motor with the CK3A Direct PWM
Amplifier using the IDE System Setup tool.

I Configuration

A-1-1

Item Notes

Controller This example is applicable to CK3M AX, or UMAC ACC-24E3
Amplifier CK3A-G305L (110VAC supply voltage)

Motor Rotary Servo Motor, 200VAC, 2.4/10.2A, 5 pole pairs
Encoder 20-bit single-turn absolute (Panasonic protocol)

IDE System Setup

Steps
Create a new IDE project

o File >>> New >>> Project...

e Choose template
o Assign (type) project name
e Choose (browse) PC folder location

The previous step creates a project tree in the IDE
solution explorer window.

e Double click on “System”

lllustration
Edit View Project Build Debug Tools DeftaTau  EtherCAT  Window H
New B [FProject cwsmleb\\)
Open * | 3 File.. Ctrl+N
New Prog X
¥ Recent 5-
|4 Installed Type: PowerPMAC
PowerPMAC A basic PowerPMAL progect.
PowerPMAC Solution Rl Power
) povesc s sc
TR e bock v a s Prac
R o bk s s PowePMAC
TR] power brck a4 i PowePMAC
TR powebrick aC i PowePMAC
Nam
— :
Solutionnamer | CKAIDE System Setup A
Lok ][ comea |

1 CK3A IDE System Setup
4 System
4 CPU
P Hardware
Motors
Coordinate Systems
[ Encoder
P C Language
[ Configuration
P Documentation
[ Log
P PMAC Script Language
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A Appendices

Steps lllustration
CPU (system and global) settings CPU Setngs
Common System Memory Buffers Core Management Advanced System
Elements Elements

¢ Click on “Clock Settings”
Clock Settings [Clock Settings

mase Frequency: 'ID.DDDI kHz
e Set phaSe frequency IrServo Frequency: 5000 | kHz
b Set servo frequency |Real-Time Frequency: 2500 | wHz ©
o Set real-time frequency

Existing Mew
° Set PWM frequency Servo Period: 0.200 0.200 Milliseconds o
Must be [8—20KHz] for CK3A channel
Phase Over Servo Period: 0.500 0.500 [i ]

Master Gate and EtherCAT detected.
1. Warmning: The Global Clock Serve Period for EtherCAT devices must be a multiple of 62.5 Microseconds)

PWM Freq nen.cyl

Channel Frequency Edit Mode: | Update all Channel Frequencies on same Hardware Card N i ] z
Hardware Card Channel 0 (kHz) Channel 1 (kHz) Channel 2 (kHz) Channel 3 (kHz) ?
M) ck3w-Ax1313(0]| 10.000f 10.000f 10,000 10.000 g
e “Accept” when finished oy
= Common System Elements| | Accept o
<
e “Common System Elements” for next step [
= Common System Element;‘ | Accept Q
(%]
o
- c
Common System Elements Basic o
Maximum Mumber of Motors: I 5 Motors I g
. >
o Set hlghGSt No. of Motor + 1 Maximum Mumber of Coordinate Systems: I 2| Coordinate Systemsl LE
(to include Motor #0) S
. . (Optimization
o Set highest No. of Coordinate System number + 1 =
. . Background Sleep Time: 1000 Microseconds
(to include Coordinate system 0) ? P
° “Accept" when finished Background Watchdog Timer Limit: 10| Background Software Cycles A
Foreground Watchdog Timer Limit: 5000 Real-time Interrupt Periods
(Global Abort
Input Register 0 (Disabled) i
'
Bit Number 0 =
w)}
Maximum Mumber of Scans 0| RTI Cycles g
o Close System window, finished for now S
System R s
Basic 3
(%]
o
Add a Motor ] CK3A IDE System Setup 5
4 System
Right click Motor folder in project t O
e RIgnt clic otor 1olaer In project tree b Hardware
o Click “Add a Motor” .
Coor Scope to This
[ Enco MNew Solution Explo)
b Clangu g Properties
3 Configu
b Docume Add a Motor... l:
3 Leg
3 PMAC Script Language
e Choose Motor number Add Motor %
o Choose topology (single feedback in this example)
Motor Mumber(s): 1 E.g.1-58,12
Template: Mone
Topology: v

Single Feedback

Dual Feedback

Mo Feedback (Step and Direction)
EtherCAT

0 Motor values wil
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A Appendices

Steps
Specify Amplifier
¢ Click on Amplifier details (database icon), or select

default, or previously saved Amplifier from
database (pulldown menu)

e Choose Manufacturer
(OMRON and Delta Tau are defaults)
e Under OMRON, choose CK3A model

o Click on Select Amplifier.
No need to make any changes here

o “Select Amplifier”

o Enter input (supply) voltage
110VAC = ~155.54VDC in this example

o Click save (floppy disk icon)

lllustration

Motor Encoder

25 btor sefected

Mo encoder selected

Hardware Interface |, position veiocity: Nere:

Interactive Operating Limits Test and Set Basic Tuning
Feedback

I
J’ r Eenl
Bl

Cammissian Motor Jag

8 - &
servoOn servo off

Start typing to filter items

Manufacturer: | Omron ¥

Manufacturer Part Number
CK3A-G305L

omron CK3A-G310L

General

Manufacturer: #* OMRON

Part Number # CK3A-G305L

Control Type: * Velocity Torque Sinewave Direct PWM  Direct Micro-Stepping

Signal Type: #* Analog PWM  Step&Direction

Power Ratings

Maximum Input Voltage: & 252| AC 2

Continucus Current: * 5/ RMS Amps  ~

Instantanecus Current: * 10| | RMS Amps

Time Allowed: * 2| Seconds

Amplifier Fault Polarity: Low True  High True

Current Feedback Information

Maximum ADC Current: % 15735 Amps
ADC Header: 4| Bits
ADC Resolution: 16| Bits
PWM Dead-Time: * 2| Microseconds
SelectAr‘l\inf\er |
Amplifier %ﬁ
OMRON .
CK3A-G305L

Control Type

Direct PWM L4
Signal Type

PWM M

Input Voltage (VDC)
[155.54
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A Appendices

Steps lllustration
Specify Motor Moto: : ﬁJ
o Click on Motor details (database icon), or select No motor selected v
previously saved Motor from database (pulldown
menu)
« Click on “New” for new Motor [ Mew D@J [ eat [ [ Detete
* Enter “New” Motor information Motor Specifications
Motor Type: Brush  Brushless Stepper
Motor Geometry: # Rotary Linear
Maximum Speed: * 3000 RPM
>
Meotor Electrical Specifications N
>
Resistance: * 2.2| Ohms g'-
3
o
Inductance: * 1.8 Millihenries o
=
=3
MNumber of poles: * 10 )
(%]
o
Power Ratings 5
c
Maxirnurn Voltage: * 283 DC\Volts 2
@
Continuous Current: * 24| RMS Amps ~ ~ %
Instantaneous Current: % 10.2| | RMS Amps ~ ~

>

o
Mt

Tirne at Peak Current: Seconds

e “Save” to database

»

Save D@J | Cancel | -

—

¢ “Select Motor” ’— g
Select[%]ot

ele MD or %)

@

e “Save” (database icon) Motor 0™ 3

g

Sample 5

SampleMotor1
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A Appendices

Steps
Specify Encoder

o Click on encoder details (database icon), or select
previously saved encoder from database (pulldown
menu)

e Click on “New” for new Encoder

e Enter new Encoder information.
Note effective resolution result (for user units
calculation in the next step)

e “Save” to database

e “Select Primary Encoder”

e Choose phasing method
* Choose feedback device for phasing method (if
applicable)
e Choose axis engineering user units (e.g. degrees)
o Enter No. of counts per user unit.
=1048576/360 for degrees in this example

o Save when finished (floppy disk icon)

lllustration

Encoder 1

No encoder selected &

Effective Resolution:

Counts / Revolution I

Protocol
Transmission Frequeney: M 1| M 0 Seriel Frequency | 25MHz
Clock: Phase Servo

Edge Detection: Rising Edge ~ Falling Edge

Trigger Delay: 0] Cycles

| Command

Command Code: Report Absolute Position  Report Single-Turn Position and Enceder ID

Trigger Mode: Continuus  One Shot

Trigger Enable: Enabled Disabled

New RJ [ Edit | [ Delete
General
Layout: * Standalone | Integrated
Motor: * g::z:ZMntnﬂ :
Signal Type: Digital Quadrature  Serial  Analog Sinusoidal
Geometry: Rotary Linear
Protocol: % BISS 551 EnDat22 Sigma-ll/Il/V  Tamagawa Panasonic Mitutoye Kawasaki
Resolution
Pasition Type: Absolute  Incremental
Single-Turn Resolution: % Single-Tum Bits 20 Single-Turn Start Bit 0
Multi-Turn Resolution: # Multi-Turn Bits 0 Multi-Turn Start Bit 0

Reset Multi-turn

| SaveD\sJ| Cancel |

| Select Primarﬂ\gncoder |
Encoder *9
Sample
SampleMotor1 o

Type: Panascnic

Phasing Method
Absolute Sensor -

Absolute Feedback Type

Primary Serial Feedback b
User Units
2912,711111  counts per 0
Degree (deg) L

Reset to raw units
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A Appendices

Steps lllustration

e nieThes T e Y

e Click on “Hardware Interface” (et ConetSns

Control Type: Direct PWM
o Typically, the one item to consider in this page is Signa Ty o

the over-travel limits. They should be disabled if mpies nertace

nOt Wil’ed, Command Signal Channel: CK3WAX[0].Chan[0] v
Qutput Signal Type: PWM
Amplifier Enable Signal Output Channel CK2WAX[0].Chan[0] [V] Enabled
Amplifier Fault Signal Input Channel: CK3WAX[0].Chan[0] B V] Enabled
Amplifier Fault Level Low True | High True
Current Feedback Channel: CK3WAKX[0].Chan[0]

Feedback Interface

Primary Fedback Chan WAL
Secondary Feedback Channel: CK2WAX[0].Chan[0]
Commutation Feedback Channel: CK3WAX[0].Chan[0]
g nterace
Hardware Over-travel Limits Input Channel Disabled (Sys.pushm!
Home Flag Input Channel: CK3WAKX[0].Chan[0] I>
| Absolute Position Interface =
° “Accept" Power-On Absolute Phase Position Feedback Channel CK2WAX[0].Chan[0] E
“® 5 ” O
« “Interactive Feedback” for next step  Interactive Feedback | | Accept [\ 3
g‘.
Interactive Feedback o . e w — §
. S =
. =™ ) 9]
. . e . P—— { .‘.‘ f" %)
e This page is useful for verifying encoder feedback. R i f o
Typically, if possible and safe, Move Motor by ;L \ f \ I 5
hand and monitor position change. — f \ f | g
. . 1 >
e Generally, no changes are made on this page. | | \ @
= I | o
e | VLo m
ot T e ) o \ I b
i TR

Seral Clnck W Divider 0

— — [
. ‘ F\ \ ! l (

>

| 0o

J W
o of Bt o g it = . ?
Feadbuck Typ. [ Paskion Seect it | Motor s Postion a] [Cem Gragh >
° “Accept" T Topeiogy | |« Hantware tertoce > ] (Y :
« . P o
e “Operating Limits” for next step - Operating Limit5| | Accept N} g
<
Operating Limits Position Limits @ g
Positive Position Overtravel Limit: 0| Degree (deg) 7))
. . . . @
o Typically, the items to consider on this page are Negative Position Overtravel Limit: 0] Degree (deg) £
the “Fatal FO"OWing Error Limit” and "Waming Execution-time Soft Limit Margin: 0| Degree (deg) @
FO”OW|ng Error lelt N Fatal (shutdown) Following Error Limit: 1 Degree (deg_]l
\Warning (trigger) Following Error Limit: 0 Degree (dag_]l
o 12T settings are computed automatically
. . I°T Inf i
o Itis NEVER recommended to turn I2T protection | "“'::m"
. . . nput
OFF, especially if the Motor is lower rated than the
CK3A.
Continuous Current: 24| amps O
Instantaneous Current: 10| amps O
Max Time Allowed: 2| Seconds @
Magnetization Current: 0 Amps 0
Existing Mew
Continuous Current Limit (I°T Set): 6117.6318 6117.6318 0
Integrated Current Shutdown Limit (I°T Trip): 1224542800 1224542800 0
Instantaneous Serve Output Limit (MaxDac): 25490123 25400123 @
e “Accept” Magnetization Current (Id Cmal): 0 Ol ]

e “Test and Set” for next step
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A Appendices

Steps

Test and Set

e These tests will move the Motor, often at high rate
of acceleration. Caution must be taken. Motor must
be mounted and fixed firmly.

e User can choose “Auto” or “Manual”

o “Auto” will perform listed tests sequentially

o If a test fails during “Auto” mode, it automatically
switches “Manual”.

¢ In “Manual” mode, the user can choose whichever
test to perform.

o During the tests, the structure element settings are
shown in the output window. This could be useful
in troubleshooting exercises

o Additionally, more detailed messages can be
monitored in the Power PMAC Messages window.
This could be useful in troubleshooting exercises

o All tests must pass before continuing
o “Accept’
e “Basic Tuning”

Basic (Auto) Tuning

e This is an “Auto-Tuning” tool without initial user
input
e “Start Tuning” to initiate the process

o During this identification and tuning process, the
Motor will move, often at high rate of acceleration.
Caution must be taken. Motor must be mounted
and fixed firmly.

e The result shows a plot of a step move response

lllustration

Auto Manual

1ot Deserption Progress  Result
1 Detect current sensor direction | 100% Pass

2 | Measure currentsensorbias | 100% | Pass

value

3 Voltage six step test 100% Pass

4 | Tune current loop 100% | Pass
5 Current six step test 100% Pass

6 | Openlooptest 100% | Pass

7 Phase reference search 100% Pass

O o

Step Mo, PowerPMAC Command
3 Motor[1].PhaseOffset
3 Motor[1].PwmSf
3 Motor[1].PhasePos5f

Value
683
13337

2048/(4006 * 1 * 209715.200000)

PowerPMAC Messages

€3 OFrmors | 4. 315Warnings | @) 21 Messages | T 78 Outputs
Date

8 12/5/20001:5538 PM

8 12/5/20001:5538 PM

8 12/5/20201:5538 PM

8 12/5/20001:5538 PM

8 12/5/20201:55:38 PM

Location
Motor[1]
Motor[1]
Motor[1]
Motor[1]
Motorf1]

Module Description

Sampling the current sensor reading with zer commands.

Increasing the output to the selected excitation magnitude.

The excitation magnitude will be limited to 720 (bits) to prevent an I2T fault,

Calculating Meximum ADC allowed based upon I2TSet and Checking for ADC Latch possibility.
Maximum ADC allowed current = 1529 ADC bits

N L) Somplingthe exctatonvalues commanded
4 125000 15539 PM__ Motrl] Disbiing the smpliic

=» Basic Tuning Accept k_
| —}Basicr(gming| | Accept |
Tuning Criteria
Rigidity / Stiffness 0 0 |0
Damping 0 1|0
Integral Ratio 0 1o

| ‘ Start["ymng ‘ | =» Commission Accept |

Test Start X

The following test(s} will physically move the Motor. Do you
want to continue?

Time (msec)

Cancel
Basic Servo Loop Tuning #
-360 20
— Desired Position
-365 — Actual Position
Servo Command
-370
10
-375
5
-380
§ -385 0
5
)
- -390
-5
-395
-10
-400
-15
405
410 ¢ -20
0 100 200 300 400 500 600

o0 Command (10-3)
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Steps

e The result shows criteria chosen by the Auto-
tuning algorithm. It is possible to modify these
parameters (e.g. 0 integral ratio) and “Re-Tune”

e The result shows a tuning analysis. This explains
the choice of bandwidth and some of the system
limitations

o The result shows statistics of the step move
response

e Note The Power PMAC Messages Outputs
window provides information during the Auto-
tuning process

e When finished, “Accept”

e “Commission” for next step

Commissioning

e “Motor Limits Parameter control” to start the
commissioning

Position Limits

o Typically, confirming fatal, and warning following
error limits is the main consideration here

¢ Positive and negative soft can be set for absolute
encoders after establishing absolute homing
parameters. For incremental encoders, the soft
limits are typically set after performing a homing
routine.

e “Accept” and “Motor Speed Control” for next item

Velocity Limits

o Generally, the main consideration here is Jog
speed (magnitude). Max programmed velocity is
usually configured for motion programs in
conjunction with coordinate system settings.

e User input time unit is selectable.

CK3A-series Direct PWM Amplifier User’s Manual (0050)
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lllustration

Tuning Criteria
Rigidity / Stiffness 11,168 100 |55.584

Damping 0 1 0.7

[ [Pl [l

Integral Ratio 0 1 0.02

|| Re-Tune PL| =* Commission | | Accept ||

Tuning Analysis

Max Bandwidth due to serve update frequency = 125.00 Hz

Bandwidth Selected = 55.58 Hz

First Limit Found : Load (Inertia) (100,00 Hz)

Second Limit Found @ Serve Update Frequency (125.00 Hz)

Third Limit Found : Position Loop (Kp) Feedback Reselution (1658.34 Hz)
Fourth Limit Found : Velocity Loop (Kd) Feedback Resolution (47614.26 Hz)

Tuning Statistics

Matural Frequency = 126,60 Hz
Damping Ratio = 1.00

Rise Time = 4.40 ms

Settling Time = 7.41 ms

Peak Time = 17.00 ms

Peak Magnitude = 43.72 mu
Overshoot = 0,00

RMS Following Error = 4.43

PowerPMAC Messages

€ OFrors | 4 774Warnings | @) 44Messages | 7 301 Outputs

Date Location Module Description
T 12/5/2020 221:13PM  Motor[1] Basic Tuning  Stering motor register values which may change during the test.
™ 12/5/20202:21:13PM  Motorl1] BasicTuning  Checking for amplifier fautt

T 12/5/2020221:13PM  Motorl1] Basic Tuning  Alpha = 0.02

T 12/5/2020 22%:14PM  Motorl1] BasicTuning  Senvo loop tuning test for motor 1 started.

™ 12/5/202022914PM  Motor[1] Basic Tuning  Storing motor register values which may change during the test.
T 12/5/2020 22914PM  Motor[1] BasicTuning  Checking for amplifier fault.

™ 12/5/2020 2:29:14PM  Motor[1] Basic Tuning  Alpha = 0.00

|| Re-Tune ‘ | =* Commission | | Accept l}||

|‘ Re-Tune H—)CommissionN Accept ‘l

s o | [ [ ot | vesman v com| [ o | [ Aot
Position Limits
Positive Position Overtravel Limit: 0| Degree (deg)
MNegative Position Owvertravel Limit: 0| Degree (deg)
Execution-time Soft Limit Margin: 0| Degree(deg) €D
IFataI (shutdown) Fellowing Error Limit: 1| Degree (deg]l
IWaming (trigger) Following Error Limit: 0 Degree (deg)l
| e ]
Velocity Limits
Max. Programmed Velocity Magnitude: 6000 Degree (deg) / Second
IJog Command Velocity Magnitude: 8000 Degree (deg) / Secondl
Rapid Mode Speed Select: 0
|D\sp|ayt\meva\uesm: Seconds ® |

|| > Motorr&cceleration Control Accept |

3Q1 Buisn dnjos JOJOIN DREWOINY |-\

>

dnjeg weysAS 3Ql L-L-V



A Appendices

A-10

Steps

Acceleration/Deceleration Limits

¢ Generally, the main consideration here is Jog and
Abort linear acceleration/deceleration time or rate
Max programmed accel/decel are usually
configured for motion programs in conjunction with
coordinate system settings

e “Accept” and “Motor Jerk Control” for next item

Motor Jerk Control

o Generally, the main consideration here is Jog and
Abort linear acceleration/deceleration time or rate
Max programmed accel/decel are usually
configured for motion programs in conjunction with
coordinate system settings

e “Accept” and “In Position Band Control” for next
item

Motor In Position Band Control

e The “In Position Threshold” defines the following
error “window” held for “In Position Consecutive
Cycles” amount of time before the Motor[x].InPos
bit is set to true

e This concludes the essential commissioning

o “Topology” to exit

Motor Jog

e This control panel is an optional test (Jog) run

lllustration

[Accel. f Decel. Limits

Max. Programmed Accel.:

1000

Degree (deg) / Millisecond 2

Max. Programmed Final Decel.: 1000| Degree (deg) / Millisecond »2
Accel/Decel: © Time 150] Millisecond (i }
0g ACCElDecel _. Rate niseconds
|Ahnrt Decel: !I Time 100| Milliseconds
() Rate
|D|sp\aytlmeva\uesm: Milliseconds v
2> Motor%rk Control Accept
Motor Jerk Control
Mazx. Program Jerk: 0| Degree (deg) / Millisecond *3
. ® Time -
og 5-curve Time: - 100| Milliseconds
() Rate
@ Ti -
Abort 5-curve Decel, Time:  — Rn;ne 50 Milliseconds
L _hate

|D\sp|ayt\mava\uesm: Milliseconds

| | 2In Positiorf%and Control| | Accept ||

In Position Threshold:

In Position Band Control

In Position Consecutive Cycles:

0.05| Degree (deg)

25| Servo Cycles

| “I‘Topcl‘@ | (—BasicTuning|

Motor Jog

O @

| Servo On | | Servo Off |
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A Appendices

A-2 Power PMAC3 Manual Motor Setup

This section describes the step-by-step procedure for manually setting up a brushless Motor with a
Power PMAC Controller with Gate3, ACC-84E, and CK3A Direct PWM Amplifier. The procedure
steps are shown below.
1 Creating an IDE project
Basic optimization, system and gates settings

2
3 Encoder on-going position, verification
4

Motor setup and commissioning

A-2-1 Creating an IDE project

I Factory Default Reset

For new projects, starting from factory default settings is highly recommended to ensure a clean
starting point. Factory default reset can be performed by issuing a global reset $$$***, followed by a
SAVE, and a normal reset $$$.

dnjes JOJON [BNUBIN €DVIN JoMOd Z-V

This can be done either from the terminal window, or using the IDE toolbar shortcuts.

Terminal Window IDE Toolbar

$$$*** "
Resetting PowerPMAC (1) $T$$ 2) STAVE

PowerPMAC Reset com_plete

SAVE *Z" Reset & Re-Initialize *Z Reset 2 Save
Save Completed ¢

$$5
Resetting PowerPMAC (3) %%
PowerPMAC Reset complete

yosfoid 3| ue bupeai) -g-v
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A Appendices

I New IDE Project

Creating a new project is done from the file menu.

o File > New > Project

File | Edit View Debug Tools DeltaTau  EtherCAT  Window  Help

Mew * | {3 Project. Ctrl+Shift+ M
Open * | File.. Ctrl+N

e Choose template
e Choose project location

e Enter project name

New Project ?
P Recent Sortby: Default - Search Installed Templates (Ctrl+E) P
4 Installed 6 .
PowerPMAC S PowerPMAC Type: PowerPMAC
PowerPMAC A basic PowerPMAC project.
15
PowerPMAC Solution VAR| PowerPMAC with EtherCAT (Acontis) PowerPMAC
17
Vi8R|  Power Brick Lv 4 Avis PowerPMAC
17
VAR| PowerBrick LV 8 Axis PowerPMAC
17
VAR|  Power Brick AC 4 Axis PowerPMAC
5
VAR| Power Brick AC 8 Axis PowerPMAC
Name CK3A DPWM Manual
Location: C:\CK34A User ManualIDE Projects -
Selution name: CK3A DPWH Manual Create directory for solution
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I Systemsetup.cfg

If the IDE System setup tool is not used, systemsetup.cfg file should be disabled.
¢ Right-click on project name

o Properties

e Download Systemsetup.cfg File > NO > OK

_ CK3A-G3 DPWM Manual ¥ puild

System =

C Language Rebuild

Configuration Clean

Documentation

Log

PMAC Script Language Build and Download All Programs
Map PMAC Variables

Export Project with IP Protection...

New Selution Explorer View

Vv Vv Vv v v

Export Project Template...
Compare Project

Add EtherCAT

Add EtherMet/IP

Add Macro

Qﬂ Cut Ctrl+X
Unload Project

c Open Folder in File Explorer

& Properties Alt+Enter
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>

General Table Buffer 1 ~
User Buffer 1
v PowerPMAC Program Variables setup
M Variable Starting point 8192
P Variable Starting point 8192
Q Variable Starting point 1024
~ PowerPMAC project general properties
Download C Source Files No
Download systemsetup.cfg File No ~
Ignore Errors Ves

Project Encryption Options

Praject Password ©

Download systemsetup.cfg File
Download systemsetup.cfg configuration file during the download process

yosfoid 3| ue bupeai) -g-v

oK Cancel Apply
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A-14

I Project Organization

The majority of the parameters described in the following sections are typically placed under Global
Includes. Files in this folder can be managed per the user preference. They can be added, deleted,
inserted from an existing project, re-named, sorted out (moved up and down) etc... Refer to the IDE
Manual to learn about these manipulations. One suggested assortment is shown below.

VOV VT VTV

[ CK3A-G3 DPWM Manual

Systemn

C Language
Configuration
Documentation

Log

PMAC Script Language

4 {4 Global Includes

[ 00- System Gates.pmh
[ 01- Global Defs.pmh
[ 02- CE34 Defs.pmh
[ 03- 10 Pointers.pmh
[ 04- ECT.pmh

[ 03- Mtr1X.pmh

[ 0&- Mtr2¥.pmh

[ 07- Mtr 3 Z.pmh
Kinemnatic Routines

P Libraries
[ Motion Programs
e PLC Prograrns

[ CK3A-G3 DPWM Manual
System
C Language
Configuration
Documentation
Log
PMAC Script Language
4 Global Includes
[ 00- System Gates.pmh
[ 01- Global Defs.pmh
[ 02- CK3A Defs.pmh
[ 03- 10 Pointers.pmh

LV T T T W

W 04- ECT.pmh @ Open

[ 03- Mtr1 X.pmh

Oy 06- Mir2 Y.pmh Open With...
[ 07- Mtr3 Zpmh <>  View Code
Kinematic Routines

Scope to This

4 Libraries = . )
b Motion Programs B Mew Sclution Explorer View
I PLC Programs Exclude From Project

! Copy Ctrl+C
XX Delete Del
Rename
Mowve Up Shift+Alt+Up Arrow
Mowe Down % Shift+Alt+Down Arrow
A Properties Alt+Enter

Below, is a brief description of these suggested files.

File

System Gates

Global Defs
CK3A Defs

10 Pointers

ECT
Mtr1 X

Typical Content

System structure elements
Gate3 structure elements
Channel structure elements
User-defined variables
CK3A specific Variables
Digital 1/0O pointers

Analog I/O pointers
Encoder conversion table

Motor structure elements

Content Example

Sys.MaxMotors

Gate3[0].PhaseFreq
Gate3[0].Chan[0].PwmFreqMult
GLOBAL MyVariable

GLOBAL Ck3a1DcBus

PTR Input1->Gate3[0].GpioData[0].0.1
PTR AdcIn1->S:10:$900040.16.16
EncTable[1].type

Motor[1].ServoCitrl
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A-2-2

A Appendices

Basic Optimization, System and Gates Settings

This section describes basic optimization, clock frequencies, and CK3A-specific structure elements.

[ CK3A-G3 DPWM Manual
System
C Language
Configuration
Documentation
Log
PMALC Script Language
r Global Includes

k¥ Vv Vv Vv

[ 04- ECT.pmh
[ 03- Mtr 1 X.pmh
[ 06- Mtr2Y.pmh
[ 07- Mtr 3 Zpmh
Kinematic Routines
P Libraries
[+ Motion Programs
P PLC Prograrns

[
Gate3[@].Chan[1].PwmFreqMult
tﬁlph Gate3[@].Chan[2].PwmFreqMult
- Globa s.prm [
[ 02- CK3A Defs.pmh

[ 03- 10 Pointers.pmh

Sys.WpKey = $AAAAAAAA
2
5

Sys.MaxCoords
Sys.MaxMotors

Gate3[@].PhaseFreq = 10000

Gate3[@].ServoClockDiv = 1

Sys.RtIntPeriod = 1

Sys.ServoPeriod = 1000 * (Gate3[@].ServoClockDiv + 1) / Gate3[@].PhaseFreq
Sys.PhaseOverServoPeriod = 1 / (Gate3[@].ServoClockDiv + 1)

Gate3[@].Chan[@].PwmFregMult

el

Gate3[@].Chan[3].PwmFreqMult

Gate3[@].Chan[@].PwmDeadTime = 2 / ©.0533
Gate3[@].AdcAmpStrobe = $901001
Gate3[@].AdcAmpClockDiv = 5
Gate3[@].AdcAmpHeaderBits = 4

Gate3[@].Chan[@].PackInData
Gate3[@].Chan[1].PackInData
Gate3[@].Chan[2].PackInData
Gate3[@].Chan[3].PackInData

o0 o e

Gate3[@].Chan[@].PackOutData
Gate3[@].Chan[1].PackOutData
Gate3[@].Chan[2].PackOutData
Gate3[@].Chan[3].PackOutData

(oI IR o)

Structure Element

Sys.WpKey

Sys.MaxCoords

Sys.MaxMotors

Gate3[0].PhaseFreq

Gate3[0].ServoClockDiv

Sys.ServoPeriod

Sys.PhaseOverServoPeriod

Gate3[i].Chan[j].PwmFregMult

Gate3J[i].Chan[j].PwmDeadTime

Gate3[i].AdcAmpStrobe

Gate3[i].AdcAmpClockDiv

Description and Examples

Write protect key for Gate3
Disable write protection, typical, = SAAAAAAAA

Highest number of coordinate systems to be used + 1
Example, = 2 (using coordinate systems 0..1, 0 is usually unused)

Highest number of motors to be used + 1
Example, = 5 (using Motors #0..4, 0 is usually unused)

Phase clock frequency in [Hz]
Example, = 10000 (10KHz)

Servo clock divider (defines servo frequency)
Servo frequency = Phase frequency / (ServoClockDiv + 1)
Example, = 1 (6KHz)

Servo update period for interpolation
Necessary for correct frequencies setup. It can be set as fixed expression:
= 1000 * (Gate3[0].ServoClockDiv + 1) / Gate3[0].PhaseFreq

Ratio of phase to servo
Necessary for correct frequencies setup. It can be set as fixed expression:
=1/ (Gate3[0].ServoClockDiv + 1)

PWM frequency multiplier (defines PWM frequency)
PWM frequency = (PwmFreqMult + 1) * PhaseFreq / 2
Example, = 1 (10 KHz — CK3A range is 8 — 20 KHz)

PWM deadtime
Always = 2/0.0533 (2 psec for CK3A-G305L)
Always = 3/ 0.0533 (3 usec for CK3A-G310L or CK3A-G320L)

Amplifier ADC strobe word (CK3A specific)
Example, = $901001 (described in detail in this manual)

Amplifier A/DC converter clock frequency (CK3A specific)
Permissible Gate3 settings for CK3A:
=5 (3.125 MHz), = 4 (6.250 MHz)

CK3A-series Direct PWM Amplifier User’s Manual (0050) A-15
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A Appendices

Gate3[i].AdcAmpHeaderBits Amplifier ADC number of header bits (CK3A specific)
Always = 4 for CK3A
Gate3[i].Chan[j].PackinData ADC input pack data enable

Always = 0 for CK3A

Gate3[i].Chanl[j].PackOutData ADC output pack data enable
Always = 0 for CK3A

Additional Information

Detailed descriptions can be found in the Power PMAC Software Reference Manual.

A-2-3 Encoder On-going Position, Verification

A-16

The Encoder Conversion Table ECT is the primary encoder input processing structure that produces
on-going actual position. The result of an ECT is typically used in Motor servo loops.

[ CK3A-G3 DPWM Manual

b System EncTable[1].Type = 1
b C Language EncTable[1].pEnc = Gate3[@].Chan[@].SerialEncDataA.a
b Configuration EncTable[1].pEncl = Sys.Pushm
b Documentation EncTable[1].indexl = 12
P Log EncTable[1].index2 = @
Fi PMAC Script Language EncTable[1].index3 = ©
P Global Includes EncTable[1].index4 = ©
[ 00- System Gates.pmh EncTable[1].index5 = ©
[ 01- Global Defs.pmh EncTable[1].index6 = ©
[ 02- CK3A Defs.pmh EncTable[1].ScaleFactor = 1 / EXP2(12)
[ 03- 10 Pointers.pmh
Encable(2].Type - o

[ 05- Mtr1X.pmh
[ 06- Mtr 2 ¥.pmh
[ 07- Mtr 3 Z.pmh
Kinemnatic Routines
B Libraries
[ Motion Programs
P PLC Programs

% Additional Information

¢ Refer to the Power PMAC Software Reference Manual for detailed descriptions.
e EncTable[n].Type=0 indicates the end of the ECT (strongly recommended for efficiency).

Below, are general guidelines for setting up an ECT entry for most common types of encoder
feedback devices.

Additional Information

EncTable[n].Index1 through 6 are typically =0 if omitted.
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I ECT Entry for Digital Quadrature

A Appendices

Structure Element
EncTable[n]. Type
EncTable[n].pEnc
EncTable[n].pEnc1

EncTable[n].ScaleFactor

Typical Setting

=1

= Gate3[i].Chanlj].ServoCapt.a
= Sys.pushm

=1/256

I ECT Entry for Standard Analog Sinusoidal x16384 (UMAC and CK3M)

Structure Element
EncTable[n]. Type
EncTable[n].pEnc
EncTable[n].pEnc1

EncTable[n].ScaleFactor

Typical Setting

=1

= Gate3[i].Chanlj].ServoCapt.a
= Sys.pushm

=1

® Other UMAC (ACC-24E3) necessary settings for this type of processing

Structure Element
Motor[x].EncType
Gate3[i].Chan[j].AtanEna

Setting
=6
=1

® Other CK3M (CK3W-AX23230) necessary settings for this type of processing

Structure Element
Motor[x].EncType
Gate3Ji].Chan[j].AtanEna
Gate3Ji].EncClockDiv
Gate3[i].AdcEncClockDiv
Gate3[i].AdcEncCtrl

Setting

=6

=1

=3

=3

= $3FFFC000

I ECT Entry for Analog Sinusoidal ACI x65536 (UMAC)

Structure Element
EncTable[n]. Type
EncTable[n].pEnc
EncTable[n].pEnc1

EncTable[n].ScaleFactor

Typical Setting

=1

= Gateg3[i].Chan[j].ServoCapt.a

= Gate3[i].Chan[j].AtanSumOfSqr.a
=1

® Other necessary settings for this type of processing

Structure Element
Motor[x].EncType
Gate3[i].Chan[j].AtanEna
Gate3Ji].AdcEncHeaderBits
Gate3[i].AdcEncStrobe

CK3A-series Direct PWM Amplifier User’s Manual (0050)

Setting
=7

=1

=0

= $800000

A-17
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A Appendices

I ECT Entry for Serial w/ Gate3 (CK3W-AX and ACC-24E3)

Structure Element Typical Setting
EncTable[n]. Type =1
EncTable[n].pEnc = Gate3[i].Chan[j].SerialEncDataA.a
EncTable[n].pEnc1 = Sys.pushm
_ . . . . . nd op: .
EncTable[n].Index1 No. of data bits to shift left to bit #31 + index2. This is the 2" shift operation.

In example diagram below, = 8

- ; T ; is i st ghi i

EncTable[n].Index2 No. of data'blts to shift right to bit #0 (rare case). This is the 1% shift operation.
In example diagram below, = 0

=1 /2EncTabIe[n].Index1

EncTable[n].ScaleFactor In example diagram below, = 1/ 28

Gate3[i].Chan[j].SerialEncDataA

Example: (=111 =1« e S
' Single-turn / position data

® Other necessary settings for this type of processing

Structure Element Setting

Gate3Ji].Chanlj].SerialEncEna =1

Gate3Ji].SerialEncCtrl Refer to the Power PMAC Software Reference Manual
Gate3Ji].Chan[j].SerialEncCmd Refer to the Power PMAC Software Reference Manual

% Additional Information

After setting up Gate3[i].SerialEncCtrl and Gate3[i].Chanl[j].SerialEncCmd successfully,
and Gate3[i].Chan[j].SerialEncEna=1 raw serial encoder data can be seen in
Gate3Ji].Chan[j].SerialEncDataA, and Gate3[i].Chanl[j].SerialEncDataB. Depending on the
protocol, some information may reside in Gate3[i].Chan[j].SerialEncDataC, or
Gate3[i].Chan[j].SerialEncDataD.

I ECT Entry for Serial w/ ACC-84E (UMAC)

Structure Element Typical Setting

EncTable[n].Type =1

EncTable[n].pEnc = ACCB84E][i].Chanlj].SerialEncDataA.a
EncTable[n].pEnc1 = Sys.pushm

= No. of data bits to shift left to bit #31 + index2. This is the 2"¢ shift operation.

EncTable[n].Index1 In example diagram below, = 15

- ; T ; i i st ghi i
EncTable[n].Index2 8 + No. of c.iata bits to shift right to bit #0 (rare case). This is the 1% shift operation.
In example diagram below, = 8
=1 /2EncTabIe[n].Index1

EncTable[n].ScaleFactor In example diagram below, = 1/ 215

ACCB84E[i].Chan[j].SerialEncDataA

Example: (][]0 1o] w] ] [ [TTTTT]
Single turn / position data
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® Other necessary settings for this type of processing

Structure Element Setting
ACCB8A4E(i].SerialEncCtrl Refer to the Power PMAC Software Reference Manual
ACCB84E([i].Chan[0].SerialEncCmd Refer to the Power PMAC Software Reference Manual

I% Additional Information

After setting up ACC84E[i].SerialEncCtrl and ACC84E([i].Chan[j].SerialEncCmd
successfully, raw serial encoder data can be seen in ACC84E([i].Chan[j].SerialEncDataA,
and ACCB84E]Ji].Chan[j].SerialEncDataB. Depending on the protocol, some information
may reside in ACC84E[i].Chanlj].SerialEncDataC, or ACC84E([i].Chan[j].SerialEncDataD.

I Finishing and Verifying Encoder Feedback

Precautions for Safe Use

e The absence of encoder data could be a very dangerous condition in closed-loop control
because the servo loop no longer knows what the true physical position of the Motor is —
usually it thinks it is "stuck" — and it can react wildly, often causing a runaway condition.

o Make sure that encoder data is updating, and counting correctly before issuing any Motor
closed loop commands.

dnjes JOJON [BNUBIN €DVIN JoMOd Z-V

o Motor[x].PosSf and Motor[x].Pos2Sf are part of the Motor structure elements, including
servo loop. If they are changed after initial setup, many other elements need to be
adjusted such as acceleration, speed settings as well as servo loop gains.

The resulting output of an ECT entry is usually tied to a Motor to be used in the position and velocity
servo loops using the structure elements below.

% Additional Information

e The (processed) output of an ECT appears in EncTable[n].PrevEnc.
e EncTable[n].PrevEnc data is not multiplied by EncTable[n].ScaleFactor.

uoneoyueA ‘uonisod buiob-uQ Jepoous g-z-v
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Structure Element

Motor[x].ServoCtrl
Motor[x].pEnc
Motor[x].pEnc2

Motor[x].PosSf

Motor[x].Pos2Sf

Motor[x].Posunit

Description and Examples

Activate Motor channel
Typical, =1

Position feedback pointer
Typical, = EncTable[n].a (corresponding ECT)

Velocity feedback pointer, always =Motor[x].pEnc for single feedback
Typical, = EncTable[n].a (corresponding ECT)

Position scale factor (allows conversion to user units)
20-bit rotary Motor in degrees, = 360 / 1048576
Linear Motor with 1 nm scale, =1 /1000000

Velocity scale factor, always =Motor[x].PosSf for single feedback
20-bit rotary Motor in degrees, = 360 / 1048576
Linear Motor with 1 nm scale, = 1 / 1000000

Setting for IDE position window units
For degrees, = 11
For mm, =3

® Verifying Encoder Counting in Both Directions
This can be done by moving the Motor by hand e.g. clockwise, counter-clockwise, positive or
negative while monitoring the position window in the IDE.

The user must also check if the position is stable (within an inherent dithering amount) at standstill.

For troubleshooting purposes, if no position change is seen in the IDE position window, looking at
the “raw encoder counts” may be helpful. The table below shows these registers per encoder type.

Encoder “processing” Type Raw Counts Structure Element

Digital Quadrature
Analog sinusoidal
Analog sinusoidal ACI
Serial w/ Gate3

Serial w/ ACC-84E

Gate3[i].Chan[j].ServoCapt
Gate3[i].Chan[j].ServoCapt
Gate3[i].Chanl[j].ServoCapt

Gate3[i].Chanl[j].SerialEncDataA
Gate3[i].Chanlj].SerialEncDataB (does not always have data)

ACCB84E][i].Chan[j].SerialEncDataA
ACCB84E([i].Chan[j].SerialEncDataB (does not always have data)

® Reporting the Correct Distance
The user can verify if the feedback device is counting correctly by moving the Motor a known
amount and recording the elapsed distance shown in the IDE position window. In some cases, the
#nHMZ (where n is the Motor number) command can be used to zero the position display.

If the counting is incorrect, make sure that EncTable[n].ScaleFactor, Motor[x].PosSf,
Motor[x].Pos2Sf, and Motor[x].EncType are set up correctly.
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A-2-4 Motor Setup and Commissioning

This section discusses the general guidelines for the remaining Motor structure elements, and certain
commissioning procedures.

] CK3A-G3 DPWM Manual ot =3

Systemn

C Language
Configuration
Docurnentation

Log
PMALC Script Language
4 Global Includes st
[1 00- System Gates.pmh i e
[ 01- Global Defs.pmh s iy
[1 02- CK3A Defs.pmh
[ 03- 10 Pointers.pmh
(1 04- ECT.pmh

[ 0&- Mtr 2 ¥V.pmh

VvV VT VvV

].chan[6].Serialencdataa.a

Hotor[1].
rotor[1].pi 045 / (50.95 * 1000008)

o

eskcur 32768 * C0SD(38) * SORT(2)/ Chaanaxadc
ontcur = 32765 * CoSD(38) = SORT(2)/ Ch3aMaxadc
iotor[1]. HaxDac, 2)-Foi(Hotor 1] . 12TSet, 2) ) *MtriTineAtPeak|

Hotor[1]. IpbGa:

[ 07- Mtr 3 Zpmh e

Kinernatic Routines
P Librraries
[ Motion Programs
[ PLC Prograrns
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I Generic Motion Elements

Structure Element Description
Motor[x].AbortTa Abort deceleration
Time [msec] if >= 0
Inverse rate [msec? / user unit] if <0

Motor[x].AbortTs Abort s-curve deceleration
Time [msec] if >=0
Inverse jerk rate [msec?® / user unit] if < 0 (must be set if AbortTa < 0)

Motor[x].JogTa Jog acceleration/deceleration
Time [msec] if >= 0
Inverse rate [msec? / user unit] if < 0
Motor[x].JogTs Jog s-curve acceleration/deceleration
Time [msec] if >=0
Inverse jerk rate [msec?® / user unit] if < 0 (must set if AbortTa < 0)

Buluoissiwwo) pue dnjasg 00N y-Z-V

Motor[x].JogSpeed Jog speed
[user units / msec]

Motor[x].FatalFeLimit Max. position error before following error fault
[user units]

Motor[x].WarnFeLimit Max. position error before following error warning
[user units]

Motor[x].InPosBand In-position threshold
[user units]

Motor[x].InPosTime Time (number of consecutive servo cycles) that the position error is within
Motor[x].InPosBand before Motor[x].InPos is set to true
= {time in msec} / Sys.ServoPeriod
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% Additional Information

Motor[x].pLimits is automatically set up by the firmware by hardware recognition.
Motor[x].pLimits specifies the (flag pointer) source of the hardware over-travel limits. If they
are not wired, or desired to be disabled then Motor[x].pLimits can be set =0.

I Common Amplifier and Direct PWM Control Elements

Structure Element Description

Motor[x].AmpFaultLevel Amplifier fault logical state
Always = 1 for CK3A

Motor[x].AdcMask Specifies current feedback resolution (in bits)
Always = $FFFF0000 for CK3A

Motor[x].PhaseOffset Angular distance between Motor phases
Typical, = 683

Motor[x].PwmSf PWM output scale factor (voltage divider)

Motor rated voltage greater or equal main supply voltage, = 16384 * 0.95
Motor rated voltage less than main supply voltage, = 16384*Motor Voltage/Main Voltage

I On-going Phase (Commutation) Position

The following definitions are used in the description below.

Name Description
ST Single-turn serial rotary encoder position data
NoOfPolePairs Number of pair poles of a rotary brushless Motor
CtsPerRev Number of counts per revolution of a rotary Motor (usually lines x4)
LinesPerRev Number of sine cycles of a sinusoidal rotary encoder
ECLmm Linear Motor electrical cycle length or magnetic pitch in mm (e.g. 30.48mm)
RESmm Linear encoder resolution in mm (e.g. 1pym = 0.001mm)
Structure Element Description and Examples
Motor[x].PhaseCtrl Motor commutation control
Typical, = 4

Motor[x].pPhaseEnc Commutation on-going position (pointer) source

Digital quadrature = Gate3[i].Chan[j].PhaseCapt.a

Analog sinusoidal = Gate3[i].Chan[j].PhaseCapt.a

Analog sinusoidal ACl = Gate3[i].Chan[j].PhaseCapt.a
Serial w/ Gate3 = Gate3[i].Chanlj].SerialEncDataA.a
Serial w/ ACC-84E = ACCB84E]Ji].Chan[j].SerialEncDataA.a

Motor[x].PhaseEncRightShift Number of bits to shift phase-position source data right (to bit #0)

Digital quadrature =0
Analog sinusoidal =0
Analog sinusoidal ACI =0
Serial w/ Gate3 =0 in this example
Coreslctarlh Soraicnepash (most serial protocols w/ Gate3)

Example of position data

Serial w/ ACC-84E

ACCBAE[i].Chan(j} SerialEncDataA

= 8 in this example
(typical w/ ACC-84E)
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Structure Element Description and Examples

Motor[x].PhaseEncLeftShift Number of bits to shift phase-position source data left (to bit #31)

Digital quadrature =0

Analog sinusoidal =0

Analog sinusoidal ACI =0
Serial w/ Gate3 = 8 in this example

Gate3[i.Chan[j] SerialEncDataA

Example of position data

Serial W/ ACC-84E  _ 45 ip this example

(7 data bits + PhaseEncRightShift)

ACCBAE[i].Chan(j] SerialEncDataA

Example of position data

Motor[x].PhasePosSf Commutation angle scale factor

Digital quadrature Rotary Motor = 2048 * NoOfPolePairs / CtsPerRev
Linear Motor =2048 * RESym / (256 * ECLmm)

Analog sinusoidal Rotary Motor = 2048 * NoOfPolePairs / (LinesPerRev * 16384)
Linear Motor =2048 * RESmm / (16384 * ECLmm)

Analog sinusoidal ACI Rotary Motor = 2048 * 4 * NoOfPolePairs / (LinesPerRev *
Linear Motor  65536)
=2048 * 4 * RESmm / (65536 * ECLmm)
Serial w/ Gate3 Rotary Motor
Linear Motor = 2048 * NoOfPolePairs / (2Motorxl:PhaseEncLeftShiit + ST)
=2048 * RESmm / (2Motor[x].PhaseEncLeﬂShiﬂ * ECme)
Serial w/ ACC-84E Rotary Motor
Linear Motor = 2048 * NoOfPolePairs / (2Motorxl:PhaseEncLeftShift + ST)
=2048 * RESmm / (2Motor[x].PhaseEncLeftShiﬁ * ECme)
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I PMAC I2T Protection

Precautions for Safe Use

o PMAC I2T must be set correctly. Especially if the Motor current is lower than the
Amplifier. Not doing so could risk damaging the Motor.

e The lower current specifications between the Amplifier and the Motor must always be
used in the 12T calculation for proper protection.
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The CK3A Amplifier has its own built-in 12T protection to Status
. . .. . . Motor Status 1 Coordinate Status] Global Status] MACRO Status
protect it from overheating, this is not configurable. This
. . . . Motor L. ® Motor activated
section describes the settings of the PMAC I2T function that |k et
. . Description Status Description Status
protects against Motor overheating. Aampne B e
AmpFault - InPos False
AmpWarn False InterlockStop False
PMAC 12T fault occurs when Motor[x].12tSum (integrator value) | awfsut False  LimitStop False
. . . BIDir Plus MinusLimit False
reaches Motor[x].12tTrip. When this happens, the Amplifier BlockRequest Falie PhascFound True
enable signal is set to OFF (killing the Motor) immediately, the | fe=e= = —
amplifier fault and 12T fault status bits are set (as seen in the Daclimit Flse  SoftlimitDir Plus
. DesVelZero True SoftMinusLimit False
IDE Motor status wmdow). Encloss False  SoftPlusLimit False
FeFatal False SpindleMotor False
FeWarn Falze TraceCount 0
These status bits can be accessed using the Motor structure Sentremed B e
omeComplete Tue riggerNotFoun: alse
e|ementS MOtOI’[X]AmpFaUH and MOtOF[X]|2TFaU|t HomelnProgress False TriggerSpeedSel MaxSpeed
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PMAC 12T setup requires the knowledge of the maximum current, rated current, time allowed at
maximum current, and current scaling in the Amplifier. The following table is a reminder of the CK3A
Amplifier specifications.

Specification CK3A-G305L CK3A-G310L CK3A-G320L
Rated RMS current 5 Ams 10 Arms 20 Arms
Maximum RMS current 10 Ams 20 Ams 60 Ams
Current scaling (max. 15.735 Apeak 31.470 Apeak 93.844 Apeak
ADC)

Time allowed at maximum = 2 sec 2 sec 2 sec

current

The lower current specification between the Amplifier and the Motor must always be used in the 12T
calculation for proper protection. The following table summarizes this selection process.

Rated RMS Current Condition Specification to Use in I2T Calculation
Motor < Amplifier Motor rated RMS current

Motor > Amplifier Amplifier rated RMS current

Maximum RMS Current Condition Specification to Use in 12T Calculation
Motor < Amplifier e Motor maximum RMS current

o Motor time allowed at maximum current

Motor > Amplifier o Amplifier maximum RMS current
o Amplifier time allowed at maximum current

Additional Information

The CK3A Amplifier rated and maximum current specifications are given in RMS. If the
Motor current specifications are given in “peak”, they must be divided by 2.

Assuming the following definitions, below are the expressions for setting up PMAC I12T.

Name Description

MaxRmsCur Lowest maximum RMS current between Motor and Amplifier
RatedRmsCur Lowest rated RMS current between Motor and Amplifier
TimeAtMaxCur Time at maximum current in seconds

Ck3aMaxAdc Amplifier current scaling (defined in amperes peak)

Structure Element Description and Example

Motor[x].MaxDac Maximum servo output
= MaxRmsCur * 32768 * SQRT(2) * COSD(30) / Ck3aMaxAdc

Motor[x].I12tSet Continuous current limit
= RatedRmsCur * 32768 * SQRT(2) * COSD(30) / Ck3aMaxAdc

Motor[x].12tTrip Maximum (shutdown) current limit
= ((Motor[x].MaxDac * Motor[x].MaxDac) - (Motor[x].I12tSet * Motor[x].12tSet)) * TimeAtMaxCur

Additional Information

SQRT() and COSD() are square root and cosine (degrees) in PMAC script.
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I Current Loop Tuning

This section shows an overview of the manual current loop tuning tool in the IDE.

Auto  Interactive

Criteria
(50— 100] % —» | Step Size: % 12tSet
[25-50] % —p» | Rough Phasing Magnitude: % 12tset @
[10 — 100] msec ) Step Time: msec
Gains
Conservative start < 0.1 —Jpm | Integral: 0.059999999 liGain >
N
Conservative start = liGain * 10 — | Forward Path Propartional; 0.60000002|  IpfGain S
3
Back Path Proportional: 0 IpbGain g
>
Phase A Current Offset: 0 laBias 8
5
Phase B Current Offset. 0 IbBias 2
L
<
=]
Field Description and Range an
0]
Magnitude Current applied during current step g
Typical range, [Motor[x].12tSet/2 - Motor[x].I12tSet]
Rough Phasing Magnitude Current applied to force Motor to zero electrical cycle before current step

Typical range, [Motor[x].12tSet/4 - Motor[x].12tSet/2]

Dwell Time Time of current step
Typical range, [10 - 100] msec

Structure Element Description and Example

Motor[x].liGain Current loop integral gain
Conservative start, = 0.1 or less

Motor[x].IpfGain Current loop forward-path proportional gain
Conservative start, = Motor[x].liGain * 10

Motor[x].IpbGain Current loop back-path proportional gain
Not used in this example guide
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Most modern motors’ current loop can be tuned using Motor[x].liGain and Motor[x].IpfGain only. The
goal is to achieve a step response natural frequency in the range of 200-1200Hz (usually 10x faster
than position loop), settling time of 1-3 msec or less, and a 3-5% overshoot or less. These
characteristics are adequate for most servo Motor applications.

Additional Information

With basic knowledge of Motor and amplifier parameters, it is possible to calculate (starting)
current-loop gains analytically. This is described in the Power PMAC User manual.

Below, are general guidelines for tuning the current loop.
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Step Response
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Additional Information

Observation

“Sluggish” response.

Very low natural
frequency and long
settling time.

“Under-damped”
response.

Too much overshoot.

“Over-damped”
response (curve
shape).

Causing lower natural
frequency and longer
settling time.

Good “Critically
damped” response.

Natural frequency
~800Hz, Settling time
~1 msec.

Counter-measure

Increase Motor[x].liGain
and Motor[x].IpfGain
(proportionally).

Increase Motor[x].IpfGain.

Increase Motor[x].liGain or
decrease Motor[x].IpfGain.

None (finished).

Increasing the integral gain in the current loop beyond the bandwidth of the amplifier/motor
combination could result in overshoot and oscillation of the response, especially with slower
response motors. This is not desirable because it could have adverse effects on the

position loop performance.
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I Establishing Phase Reference (Motor Phasing)

Precautions for Safe Use

Motor phasing in this section will cause Motor movement. Care must be taken.

This section discusses the two most common “initial” phasing methods. There are no fundamental
differences between them. Either method can be used with any type of brushless Motor and encoder.
The table below provides a suggestion and further information.

“Initial” Phasing  Suggested Use Final Application Phasing Method

Manual phasing If Motor assembly has absolute Set up absolute phasing using absolute sensor
sensor. (discussed in a later section)

Automatic stepper  If Motor assembly does not have Save stepper phasing method parameters to PMAC,
absolute sensor. and issue phase command after power-up.

I% Additional Information

o For details about establishing phase reference, refer to the Power PMAC User’'s Manual.

o If the Motor assembly has an absolute sensor such as halls or absolute encoder, an
absolute phasing method can be implemented and saved into the Controller. This is
discussed in a later section.
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¢ Initial Motor phasing is best performed with uncoupled Motor.
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® Manual Phasing Method
The manual phasing method consists of locking the Motor tightly onto the zero position of the
commutation electrical cycle (conventionally phase B in PMAC) by forcing current into the
Motor[x].IbBias offset. The tighter the Motor is locked, the better is the phase reference. This
procedure is usually performed from the terminal window in the IDE using the steps described

below.

Step Command Explanation
1 #xK Make sure Motor is killed and stationary
2 Motor[x].IbBias = Motor[x].12tSet/4 Amount of current (torque) [Motor[x].12tSet/4 - Motor[x].12tSet]
3 #xOUTO Enable Amplifier (this will move the Motor)

Wait for Motor to settle (stop moving)

4 Motor[x].PhasePos = 0 Tell PMAC that this is the zero phase position location
5 Motor[x].PhaseFound = 1 Set status bit
6 Motor[x].IbBias = 0 #xK Reset Motor[x].IbBias, and kill Motor

x designates Motor number.

I% Additional Information

o The Motor may oscillate during this procedure, Motor[x].IbBias can be reduced.
Alternately, the Motor could be stabilized by hand if safe and possible.

¢ If the Motor assembly does not have an absolute sensor, the manual phasing method
can be implemented (and saved) in a PLC program for on-demand phasing.

¢ An open loop test (discussed further below) verifies the success of this method.
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® Automatic Stepper-Motor Phasing Method
The automatic stepper phasing method is one of two phase referencing routines built into the Power
PMAC firmware. It requires the setting of the following structure elements.

Structure Element Description and Example

Motor[x].PhaseFindingDac Phasing search output (current/torque) magnitude
Typical range, [Motor[x].12tSet/4 — Motor[x].12tSet/2]

Motor[x].PhaseFindingTime Phasing search time
= {Time in msec} / (2 * Sys.ServoPeriod * (Sys.RtIntPeriod + 1))

Motor[x].AbsPhasePosOffset Minimum motion that qualifies a valid phasing search move
Typical, = 2048 /5

Once these settings are downloaded into the PMAC, initiating a phasing search move could be
issued from either the terminal, or PLC program:

¢ From the terminal window: #x$ (where x is the Motor number)
e From PLC or subroutine: Motor[x].PhaseFindingStep = 1

If the phasing search move is successful, the Motor[x].PhaseFound status bit will be set to true.
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If the phasing search move is not successful, try one of the S :
' ) Motor Status } Coordinate Status | Global Status | MAC
following tips: S —————————
Description Status Description Status
¢ Increase Motor[x].PhaseFindingDac mpna — B —
mpFault alse nPos alse
AmpWarn False InterlockStop False
. . . AuxFault False LimitStop False
¢ Increase Motor[x].PhaseFindingTime BIDit Plis  Minustimit EE
BlockRequest False PhaseFound True %
ClosedLoop False PlusLimit False
e Reverse encoder decode (for incremental encoders) o e —
Gate3[I]Chan[j].EnCCtr| =7 <> 3 DesVelZero False SoftMinusLimit False
Encloss False SoftPlusLimit False
FeFatal False SpindleMotor False
) L. ) ) . . FeWarn False TraceCount 0
o For serial encoders, it is not simple to reverse counting direction. | cntiomes  Folze | Taggertioe False
. HomeComplete False TriggerNotFound False
Try setting Motor[x].PwmSf, and Motor[x].PhaseOffset Hume.npm:,ess = T,i::wsgeedsa Masspee]
simultaneously to the opposite sign to reverse the commutation
direction.

¢ Swap two of the Motor leads

« De-couple the Motor from the load and try again
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I Open Loop Test

Precautions for Safe Use

¢ Do not attempt to close the position loop on a Motor which open loop test has not
passed. This may lead to dangerous runaway conditions.

e The open loop test will move the Motor. Care must be taken.

The open loop test is a critical step in the setup of a commutated “brushless” Motor. Primarily, it
provides verification for the following functions.

e Initial phasing success

o Amplifier output is in the same direction as the encoder counting sense

The open loop test is typically performed using the IDE tuning tool shown below.

Typical, 100 msec Conservative start [1 - 5] %
|

Step  Sine / Sine Sweep
Criteria
Amplitude:  0.000 100.000 2% %Max DAC O
Test Time: | 1[}[}| msec @
Repetitions: | 2|

Typical, 2

The goal of the open loop test is to obtain positive (velocity) movement when a positive (open loop)

command is issued, and vice-versa. The expected “passing” result looks like the following “saw
tooth”.

—— Aciual Velacily Sero Command |
2000 — _ - . 100000

4 son.00
1000 + 4

Veloeity {munili{ms))
p=

erva Command {m unity

5

Actual

4 -500.00

-10.00 4

-15.00 — | } 1000.00
0.00 100,00 200.00 300.00 40000

lime {ms}

CK3A-series Direct PWM Amplifier Safety Manual (0050)



A Appendices

® Limited Amount of Travel
Some Motors may have a limited amount of travel which makes it difficult to perform an open loop
test. In this case, a manual open loop test could be performed from the terminal window in the IDE.

o Always remember #xK kill Motor x (servo OFF)
e #xOUT1, is the Motor moving in the positive direction?
e #x OUT-1, is the Motor moving in the negative direction?

This could be verified by looking at the Motor velocity window in the IDE. The percentage output
can be increased as needed.

® Troubleshooting the Open Loop Test
Generally, the open loop test could fail in one of two following ways.
¢ Motor does not move (feels locked)
¢ Motor moves in opposite direction of open loop command (response shows inverted “saw tooth”)

This indicates that one or a combination of the following. If any one item is changed, re-phasing the
Motor is necessary before attempting another open loop test.

¢ Incorrect commutation cycle size, Motor[x].PhasePosSf setting

e Initial phasing was not performed successfully
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¢ Reversed incremental encoder direction, Gate3[i].Chan[j].EncCtrl = 7 <-> 3
(does not apply to serial encoders)

¢ Serial encoder direction does not match Amplifier output. In this case, reversing the commutation
counting direction is suggested by swapping two of the Motor leads. Or setting Motor[x].PwmSf,
and Motor[x].PhaseOffset simultaneously to the opposite sign.

Buluoissiwwo) pue dnjasg 00N y-Z-V

CK3A-series Direct PWM Amplifier User’s Manual (0050) A-31



A Appendices

I Position Loop (Basic) Tuning

Precautions for Safe Use

Do not attempt to perform position loop tuning prior to passing the open loop test. This may
lead to dangerous runaway conditions.

The basic auto tune tool can be used to obtain initial gains.

Auto  Interactive Raw encoder counts per revolution for rotary, inch or
millimeter for linear motors
Basic Advanced
Criteria

Feedback Resolution: 2000 cts/rev @

Conservative start [10 — 20] Hz —pp» | Bandwidth: 0.001 100.000 Hz

Conservative start [0.5—0.7] —» | Damping Ratio: 0.000 1.000

Conservative start [0.1 - 0.3] —® | Integral Ratio: 0.000 1.000

p /
S
2 G2 ) [ I

Successful auto-tuning shows a step response and statistics.

Basic Servo Loop Tuning #
29
28.8
28.6
€
E 28.4
5
2 28.2
&
28
27.8
276
0 500 1000 1500 2000 2500 3000
Time, ms
— Desired Position — Actual Position
Gains | Analysis | Statistics
Statistics Value
Natural Frequency 2678 Hz
Damping Ratio 100
Rise Time 20.80 ms
Settling Time 3133 ms
Peak Time 4280 ms
Peak Magnitude 113 mu
Overshoot 011
RMS Following Error 0.16
| p—

The user can then choose whether to accept the gains generated by the auto-tuning tool, or whether
to perform interactive fine tuning. The most common move profiles to use with interactive fine tuning
are the “Step” and “Parabolic” move profiles.

Auto  Interactive

Move Profile

Step Parabolic Point-to-point Sine / Sine Sweep
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® Step Move (Basic) Tuning
The goal of the step move tuning is to “superimpose” the
actual position on top of the commanded “step” position.

Position
A

Commanded
That is, by optimizing the following structure element gains.

¢ Motor[x].Servo.Kp
¢ Motor[x].Servo.Kvfb

Actual

> Time

Preparing for the step move tuning:

o Make sure all other gains are set to zero

e Choose move size (that moves the load)
Rotary Motor typical range [1 — 5 deg]
Linear Motor typical range [0.1 — 0.5 mm]

e Choose move time, typical range [300 — 2000 msec]

o The fatal following error must be greater than the step move. It can be slightly increased
temporarily for the step move tuning exercise

e Keep in mind servo output limit (Motor[x].MaxDac), compare to servo “effort” command in
transient part of the step move response

Kill Motor After Move

Gains Servo Loop Filters

Step Parabolic Point-to-point Sine / Sine Sweep
IMove Size: 2| deg
I_Move Time: 300' msec
Dwell Time: 500 msec D

Move in One Direction

Trajectory Prefilter

Fatal Following Error Limit:

l 5 FatalFELimitI

Servo Output Limit: 1

25505.205| _MaxDac 1

Single Move I Live Tune I

Additional Information

2

Try (single) "step” moves at first. If they are safe and stable, use the Live Tune feature,
then change the gains without stopping the repetitive tune while monitoring the response
changes on the plot.

Below, are general guidelines for step move tuning.
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Gains
Proportional: 4929.8291 Kp

Derivative 1: 203533.31 Kvfb >
w
Derivative 2: 0 Kvifb £
=
Integral: 0 Ki 9.-
o
=
Velocity Feedforward 1: 0 Kvff %
=
c
Velocity Feedforward 2: 0 Kviff ©
[V
>3
Acceleration Feedforward Gain: 0 Kaff Q
g
Friction Feedforward Gain: 0 Kfff 3
3
Other Servo Settings $
Integrator Mode: 0 SwZvint 8
5
«Q
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Step Response

Actus Fastion

o 100 0 00 100 9 600
Time (i
Stats Decimal Placss 2[4 v
Natural Frequency | 23.70 Hz QOvershoot 1.20%
Damping Ratio 0.82 Rise Time 17.20 ms:
Settling Time 2483 ms Peak Magnitude 324 mu
Peak Time 30.60 ms: RMS Following Error | 1.57
—— Commana Posfien ETIA PR BETvG Command ]
i - - 1500
5
4 | -1500
o 100 200 300 400 00 00
Time (ms)
Stats Decimal Places 2 [2] v
Natural Frequency | 18.69 Hz Overshoot 0.05%
Damping Ratio | 1.00 Rise Time 29.80ms
Settling Time 43.14ms Peak Magnitude 433 mu
Peak Time 278.60 ms RMS Following Error |0.88
Command Pasfion A Posiian Servo Command ]
% - 3000
2000
‘“‘ Lo 5
i -
1| £
! o 3
.......... AT S
| 200
I o
1 3000
0 100 200 300 00 00 500
Time (ms}
Stats Decimal Places (2 [3] v
Natural Frequency |59.56 Hz Overshoot 58.71%
Damping Ratio 0.17 Rise Time 320ms
Settling Time 3992 ms Peak Magnitude 793 mu
Peak Time 920 ms RMS Following Error |0.65

Command Pastion

AeA Posen

—— Servs Command |

v 3000

Time {ms)

mmand (m unity

Stets Decimal Places |2 [2]

v
Natural Fraquency |99.47 Hz Overshoot 0897
Damping Ratio | 1.00 Rise Time 560ms
Settling Time 8.06ms Poak Magnitude 483 mu
Poak Time 11.60 ms: RMS Following Error | 0.50

Observation Counter-measure

¢ “Sluggish” response. Motor
may feel loose.

¢ Too little servo “effort”
command. About 1% of
Motor[x].MaxDac in this
example.

¢ Relatively long settling time

Increase Motor[x].Servo.Kp
and Motor[x].Servo.Kvfb
(proportionally)

¢ “Over-damped” response Increase Motor|[x].Servo.Kp
and or decrease

Motor[x].Servo.Kvfb

Increase
Motor[x].Servo.Kvfb

¢ “Under-damped” response
e Too much overshoot

e “Critically-damped”
response

¢ For coupled Motors, should
try to achieve ~80%
Motor[x].MaxDac

¢ Fast settle time (<10 msec)

o Little to no overshoot (<1%)

¢ High natural frequency
(~100 Hz)

Good step move response
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® Parabolic Move (Basic) Tuning
The goal of the parabolic move tuning is to
“superimpose” the actual velocity on top of the
commanded “parabolic” position with minimum and
centered (around zero) following error.

Velocity F.E.
A

Following Error
————=—————Time

That is, by optimizing the following structure element Commanded
gains. Actual

e Motor[x].Servo.Kvff

¢ Motor[x].Servo.Kaff

¢ Motor[x].Servo.Ki

Preparing for the parabolic move tuning:

e Copy Motor[x].Servo.Kvfb into Motor[x].Servo.Kvff (these two gains are almost always equal) >

e Choose move size (that moves the load) -:S

Rotary Motor typical range [1 — 4 revolutions] 5

Linear Motor typical range [10 — 80 mm] 2

e Choose move time, typical range [600 — 2000 msec] 5

o Typically, it is desirable to achieve ~20-40% of anticipated Motor maximum speed =

?_,

Step Parabolic Point-to-point Sine / Sine Sweep <

o

| Move Size: 1080) deg §

— &

IMOVE Time: 600] msec g
Dwell Time: 500 msec |:|

Kill Motor After Move

>

Gains Servo Loop Filters Trajectory Prefilter

Gains

Proportional: 500 Kp

- >
Derivative 1: 9300 Kvfb 'Y
A
Derivative 2: 0 Kvifb =
=3
Integral: 0.016000001 Ki o
=2
§ (%]
Velocity Feedforward 1: 9300 Kvffl '(_D'_
c
. . ©
Velocity Feedforward 2: 0 Kviff ©
>3
Acceleration Feedforward Gain: 85000 Kaff] o
o
o
Friction Feedforward Gain: 0 KFfff 3
3
Other Servo Settings $
Integrator Mode: 0 SwZvint g
5
Fatal Following Error Limit: 5 FatalFELimit @

Servo Output Limit: 25505.205 MaxDac

I% Additional Information

Try (single) "parabolic” moves at first. If they are safe and stable, use the Live Tune
feature, then change the gains without stopping the repetitive tune while monitoring the
response changes on the plot.

It is recommended to optimize Motor[x].Servo.Kaff first before Motor[x].Servo.Ki. Below, are general
guidelines for parabolic move tuning.
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Step Response

[ Tammand veloely —— Aol veloeiy —— Following Error
5 T T T T T 0%

allaning Error (m unit)

e

+ + + —t + 08
200 400 600 800 1000 1200 1400

Stats Decimal Places |4 |2 ~

[Vel Corr |0.908 [Max Fo [0.4852]
| Acc. Corr [03274 | |RMS Following Eror [0.3076 |

1 Parabaolic Move:

#111/23/2020 92352 Pl

Command Veloely —— Acln i

z, /\‘[NWW{MWFM o
4 ‘ N\ 402

Fallowing Errer (m unit)

i

w4
5 05
o 0 401 60 800 1000 121 1400
Time (ms)
‘Stats Decimal Places |4 5 v
|Vel. Corr_|0.9651 [Max Fe [o3628
[Acc. Corr 00075 |RMS Following Error [0.2821
100
300
100 H
% om &
-n
5. 0.20
s 120 T
Time (m
Stats Decimal Places [ |3 v
Vel Corr | 0.0238 Max Fe 0.2528
Acc. Corr |0.0387 RMS Following Error |0.1184
[ Tommand Vsloely_—— AelalVeloely _—— Followng Eror |
5 - - - T T 015
01e
4o £
\ T “ | ' V
l ‘ l l L ‘ ! 4 000 ::t
| \ i ‘ :
T \r
Iom
5 + + + 010
o 00 aon o a0 10 210 14
N
Stats Decimal Places |4 |3 v
[Vel. Corr_|0.0024 [Max Fo [o.1204]

|Acc. Corr 02278 RMS Following Error |0.0278|

Observation

¢ High acceleration correlation
(following error looks like V
shape)

o High velocity correlation
(following error looks like
step)

Note, that for move and
settle (point to point)
applications, it is not
necessary to adjust
Motor[x].Servo.Kvff
independently. Always keep
it equal to
Motor[x].Servo.Kvfb

Little to no acceleration, and
velocity correlations

Notice the following error
scale

Following error shape
centered around zero

Following error optimized
around zero

For the spike in following
error (change of direction) in
the middle of the plot, it is
possible (for contouring
applications) to add a small
amount of
Motor[x].Servo.Kfff.
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Counter-measure

Increase
Motor[x].Servo.Kaff

Increase
Motor[x].Servo.Kvff

Increase
Motor[x].Servo.Ki

Good parabolic move
response
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I Absolute Position Setup (Absolute Homing)

This section describes the basic operation for setting up “absolute” position read for absolute serial
encoders. The necessary elements to set up for this feature are shown below.

Structure Element Description and Example

Motor[x].pAbsPos Power-on absolute position pointer
Typically, for Gate3, = Gate3[i].Chan[j].SerialEncDataA.a
Typically, for ACC-84E, = ACC84E[i].Chan[j].SerialEncDataA.a

Motor[x].AbsPosSf Absolute position read scale factor
= Motor[x].PosSf

Motor[x].AbsPosFormat Power-on absolute data format
See description and examples (further) below.

Motor[x].HomeOffset Positioning reference offset
Set by the user (in Motor units) to indicate desired zero location

= 0 No additional shift = 000 Unsigned binary

= 1 Shift the data in Register A 16 more bits = 001 Signed binary

A |=010 ($2) Gray Code, convert to unsigned binary
=011 ($3) Gray code, convert to signed binary

Shift Register A data left by this much first ‘
7Y 7Y

|o|0|0|0|0|0|0|0| ’TotaINumberofbits
i A

Motor[x].AbsPosFormat=$| a a b b c c d d

dnjes JOJON [BNUBIN €DVIN JoMOd Z-V

A 4 A 4

Number of the starting bit Number of the starting bit
of the data from register B of the data from register A

Once these settings have been downloaded to PMAC. This function can be used as follows.
o From terminal window: #xHMZ will read absolute position of Motor x
e From program (PLC or Motion): HOMEZ x will read absolute position of Motor x

¢ Alternately, bit #1 of Motor[x].PowerOnMode (= $2) specifies absolute position read on power-up.
Make sure encoder power is available (if power source is external to axis card) at power-up.

Buluoissiwwo) pue dnjasg 00N y-Z-V

% Additional Information

Gray code conversion should be omitted here if it had been already implemented in the
Serial Encoder Command word Gate3[i].Chan[j].SerialEncCmd, or
ACCB84E([i].Chan[j].SerialEncCmd.
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Example

An absolute serial encoder with 17 bits of binary single-
turn (or linear scale), and no multi-turn, position data
located in the lower fields of serial data A register.

o Gate3
Gate3[i].Chan[j].SerialEncDataA

[31]30]29]28]27]26]25[24]23]22[ 21] 20 19 18] 17

o ACC-84E

ACCBA4E[i].Chanlj].SerialEncDataA

An absolute serial encoder with 20 bits of binary single-
turn (or linear scale), and no multi-turn, position data
starting at bit #4 of serial data A register.

o Gate3

Gate3[i].Chan[j].SerialEncDataA
[3[2]1]0]
o ACC-84E

ACC8A4E[i].Chan(j].SerialEncDataA

sl2fafol TT T T TTT]

An absolute serial encoder with 36 bits of single-turn (or
linear scale) position data located in serial data A and B
registers consecutively.

o Gate3

Gate3[i].Chanlj].SerialEncDataA

Gate3[i].Chan(j].SerialEncDataB

(31 30[as 2 as 25 a] 3] 2] aofoo] s8] 76 5 14 3] 2] 0] o [ 8] 7 6 s | | NG

o ACC-84E

ACCB4E[i].Chan(j].SerialEncDataA

AACC84E[i].Chan[j].SerialEncDataB
[23]22]21]20]19]18]17[16]15]14]13[12

A 29-bit binary absolute serial encoder with 17 bits of
single-turn and 12 bits of multi-turn position data starting at
bit #0 of serial data A register and continuously extending
to bit #28.

o Gate3

Gate3(i].Chanl[j].SerialEncDataA

R e sreE e - B0 IOBD BERD

Single-Tum Position Data

o ACC-84E
ACCB4E[i].Chanlj].SerialEncDataA

[23[22]21[20]19]18[17] [T T TTTTT]
Single-Turn Position Data
ACC84E[i].Chanlj].SerialEncDataB
[23]22]21]20]19]18[17[16]15[14[13[12]12]10[ o [ | 7|6 [s [@|B2[ale] [ [ [ [ [ [ [ ]

Motor[x].AbsPosFormat Setting
e Gate3

[ 00: unsigned binary ] [ 17 bits |

Motor[x].AbsPosFormat=$| 0 ‘ o I 0o ‘ 0 I 1 ‘ 1 I 1] ‘ 0 I

[ Serial data B: none 00 _|[ Serial data A start at bit 00 |

e ACC-84E

‘ 00: unsigned binary ‘ ‘ 17 bits ‘

Motor[x].AhsPosFormat=$| 0 ‘ [} I 0 ‘ 0 I 1 ‘ 1 I [1] ‘ 8 I

\ Serial data B: none H Serial data A start at bit 8 \

o Gate3

‘ 00: unsigned binary ‘ ‘ 20 bits ‘

Motor[x].AbsPosFormat=$| 0 ‘ 0 I 0 ‘ 0 I 1 ‘ 4 I (1] ‘ 4 I

\ Serial data B: none 00 H Serial data A start at bit 4 |

e ACC-84E

[ 00: unsigned binary | [ 20 bits |

Mutor[x].AbsPosFormat=$| 0 ‘ 0 I 0 ‘ 0 I 1 ‘ 4 I 0 ‘ C I

‘ Serial data B: none H Serial data A start at bit 12 ‘

o Gate3

[ 00: unsigned binary | [ 36 bits |

Motor[x].AbsPosFormat=$| [ ‘ 0 I [} ‘ 0 I 2 ‘ a4 I 1] ‘ 0 I

[ Serial data B startat bit O |[ Serial data A start at bit O |

e ACC-84E

‘ 00: unsigned binary ‘

[ 36 bits |
?

Motor[x].AbsPosFormat:SI 0 ‘ 0 I 0 ‘ 8 I 2 ‘ 4 I (1] ‘ 8 I

\ Serial data B start at bit 8 H Serial data A start at bit 8 \

o Gate3

[ o1: signed binary | [ 29 bits |
1 f

Motor[x].AbsPosFormat=$| 0 ‘ 1 I 0o ‘ 0 I 1 ‘ D I 1] ‘ 0 I

[ Serial data B, none [ Serial data A start at bit 0 |

e ACC-84E

‘ 01: signed binary ‘ ‘ 29 bits ‘
t t

Motor[x].AbsPusFormat=$| o ‘ 1 I 0 ‘ 8 I 1 ‘ D I 1] ‘ 8 I

] v
[ Serial data B startat bit 8 |[ Serial data A start at bit 8 |
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Example Motor[x].AbsPosFormat Setting
A 36-bit binary absolute serial encoder with 24 bits of e Gate3
single-turn position data, and 12 bits of multi-turn position
data. i . i
‘ 01: signed binary ‘ ‘ 36 bits ‘
I

e Gate3 Motor[x].AbsPosFormat=$I 0 ‘ 1 l 0 ‘ 0 l 2 ‘ 4 l 0 ‘ 0 l

Gate3[i].Chan[j].SerialEncDataA _l_ _l_
EEREDER CEGERED \ Serial data B start at bit 0 H Serial data A start at bit 0 \

Single-Tum Position Data
Gate3{i].Chanlj].SerialEncDataB
[31]30] 29[ 28]27]26[25] 24| 23] 22] 21] 20] 19[ 18[17] 16[ 15] 14]13[ 12 11[10[ 9 [ 8] 7[ 6 [ 5 | 4 | B[22 [ 0]

e ACC-84E

[ 01:signed binary | [ 36 bits |
t f

o ACC-84E

ACC84E[i].Chan[j].SerialEncDataA Motor[x].AbsPosFormat=$| 0 ‘ 1 I 0 ‘ 8 I 2 ‘ a I 0 ‘ 8 I

Single-Tum Position Data
ACCB4E[i].Chanlj].SerialEncDataB
[23]22[21]20]19]18[17[16]15]14 1312 |Ta[HO S & |7 e[S @|= 220 [ [ [ [ [ [ [ |

\ Serial data B start at bit 8 H Serial data A start at bit 8 \

A 32-bit Gray code absolute serial encoder with 20 bits of e Gate3
single-turn position data (starting at bit #4), and 12 bits of
multi-turn position data.

‘011(53)Gray code, signed‘ ‘ 32 bits ‘
i
* Gate3 Motor[].AbsPosFormat:SI 0 ‘ 3 l 0 ‘ 0 l 2 ‘ 0 l 0 ‘ 4 l
Gate3{i].Chan[j].SerialEncDataA
[31]30[20[28]27]26]25]24] [3[2]1]0]

‘ Serial data B start at bit 0 H Serial data A start at bit 4 ‘

Single-Turn Position Data
Gate3|i].Chan[j].SerialEncDataB
[31]30[29]28]27[26[25]24] 23] 22]21[20] 19[ 18]17]16] 15[ 14[ 13[12]11]10[ 9 [ 8] 7[ 6 | 5 [ 4 [ B[2[T[0]

e ACC-84E
o ACC-84E ‘ 011 ($3) Gray code, signed ‘ ‘ 32 bits ‘
ACC84E[i].Chan[j].SerialEncDataA t f
sfe[afol TT T T TTT] Motor[].AbsPosFormat:SI o ‘ 3 I o ‘ 8 I 2 ‘ o I 0 ‘ c I

dnjes JOJON [BNUBIN €DVIN JoMOd Z-V

Single-Tumn Position Data
AACC84E[i].Chanl[j].SerialEncDataB
[23]22]21]20]19]18]17[16]15[14 13[r2|aafel e ez elslalzzl2la] [ [ [ [ [ [ [ ]

‘ Serial data B start at bit 8 H Serial data A start at bit 12 ‘

>

Note If gray code is already set up in global command
word, then it should not be set up here.

% Additional Information

If, in the same serial encoder data register, there is a gap between the single-turn and
multi-turn data (non-contiguous case), then the position data must be assembled manually
(e.g. in a PLC), and placed in user memory registers (e.g. Sys.Udatali]) to eliminate the
gap. Then the absolute homing structure elements can be applied to this register.

Buluoissiwwo) pue dnjag 00N y-Z-V
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I Absolute Phase Reference Setup

Li/-l Precautions for Correct Use

o Motor must have been successfully phased prior to setting up absolute phase reference.

o Motor[x].PhaseFindingDac, and Motor[x].PhaseFindingTime must be equal to zero.

This section describes the setup of absolute phase (commutation) reference for Motors with Hall
effect sensors and absolute serial encoder. The following definitions are used in this section.

Name Description

ST Single-turn serial rotary encoder position data

NoOfPolePairs Number of pair poles of a rotary brushless motor

ECLmm Linear Motor electrical cycle length or magnetic pitch in mm (e.g. 30.48mm)
RESmm Linear encoder resolution in mm (e.g. 1pym = 0.001mm)

The primary structure elements for setting up the absolute phase reference are shown below.

Structure Element

Motor[x].pAbsPhasePos

Motor[x].AbsPosSf

Motor[x].AbsPhasePosFormat

Motor[x].AbsPhasePosOffset

Motor[x].AbsPhasePosFormat=$] a a b b c c d d

Description and Example

Power-on absolute phase position pointer
For halls, =Gate3[i].Chan[j].Status.a
For absolute serial encoders, =Gate3[i].Chan[j].SerialEncDataA.a

Absolute position read scale factor

For halls, =+2048 / 12 (depends on UVW transition)

For serial absolute rotary encoders, =2048 * NoOfPolePairs / 25T
For serial absolute linear encoders, =2048 * RESmm / ECLmm

Power-on absolute phase data format
For halls 120° spacing, =$400030C
For absolute serial encoders, see description and examples (further) below.

Absolute phase position reference
For halls, =value of phase position that intersect the 1 <-> 3 transition of UVYW
For absolute serial encoders, =Motor[x].AbsPhasePosForce * Motor[x].AbsPhasePosSf

= 00 Numerical binary

= 02 Gray code, convert to Binary
= 04 Halls 120 degree spacing

= 05 Halls 60 degree spacing ‘ Number of bits to use ‘

I

R

Number of the starting bit Number of the starting bit
of the data from register B of the data from register A

Once these settings have been downloaded to PMAC. This function can be used as follows.

¢ From terminal window: #x$ will read absolute position of Motor x

e From PLC program: Motor[x].PhaseFindingStep = 1 will read absolute position of Motor x

o Alternately, bit #2 of Motor[x].PowerOnMode (= $4) specifies absolute phase reference on power-
up. Make sure encoder power is available (if power source is external to axis card) at power-up.
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® Absolute Phase Reference Using Hall Effect Sensors
Absolute phase reference setup using the conventional 120° hall effect sensor spacing is described
in this section.

[VI Precautions for Correct Use

o Motor must have been successfully phased prior to setting up absolute phase reference.
¢ Motor[x].PhaseFindingDac, and Motor[x].PhaseFindingTime must be equal to zero.

Gather, using the IDE plot, structure elements Gate3[i].Chan[j].UVW and Motor[x].PhasePos while
moving the Motor in the positive direction (typically slow).

6T ] B >

1 2048 5

Ssq 2 3
2 4 % 3
Zad i i 8 3
H - 1048 < =
< . >
(@) 3 < (@)
= 3 “—‘ = &
524 2 g
o s
14 5

1 1 256 g

P Time &

C

©

This plot reveals two important halls settings:

¢ Motor[x].PhasePosSf = 2048 / 12 if the transition of UVW is from 1 to 3
=-2048 / 12 if the transition of UVW is from 3 to 1

o Motor[x].AbsPhasePosOffset = {value of Motor[x].PhasePos} at 1<-> 3 transition

Buluoissiwwo) pue dnjasg 00N y-Z-V
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® Absolute Phase Reference Using an Absolute Encoder

|-_i7] Precautions for Correct Use

o Motor must have been successfully phased prior to setting up absolute phase reference.

o Motor[x].PhaseFindingDac, and Motor[x].PhaseFindingTime must be equal to zero.

The maximum number of bits that can be used for absolute phase reference is 32. It is not
necessary to use the full position data stream. For simplicity, it is recommended to only use the
single-turn data. However, one important point is to always include to the MSB (most significant bit)
of the position data to be used.

Motor[x].AbsPhasePosForce is only a holding register. Its value is found by performing the following
absolute phase reference test procedure.

Step Command Explanation
1 #xK Make sure Motor is killed and stationary

2 Motor[x].IbBias = Motor[x].12tSet/4 Amount of current (torque) [Motor[x].12tSet/4 - Motor[x].I2tSet]

3 #xOUTO Enable Amplifier (this will move the Motor)
Wait for Motor to settle (stop moving)

4 Read Motor[x].AbsPhasePosForce ={value}, refer to the examples below

6 Motor[x].IbBias = 0 #xK Reset Motor[x].IbBias, and kill Motor

x designates Motor number.

Additional Information

The Motor may oscillate during this procedure, Motor[x].IbBias can be reduced.
Alternately, the Motor could be stabilized by hand if safe and possible.
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Ex. Absolute Phase Reference Settings

1 An absolute serial encoder with 17 bits of binary single-turn (or linear scale), and no multi-turn, position data
located in the lower fields of serial data A register.

o Gate3

Gates3[il.Chanlj].SerialEncDataA
[31]30]29]28]27]26[25]24]23]22[21] 20| 19]18[17

Rotary: Motor[x].AbsPhasePosSf = 2048 * NoOfPolePairs / 27

Linear: Motor[x].AbsPhasePosSf = 2048 * RESmm / ECLmm

Motor[x].pAbsPhasePos = Gate3[i].Chan[j].SerialEncDataA.a

Motor[x].AbsPhasePosFormat = $00001100

Motor[x].AbsPhasePosForce = value of {Gate3[i].Chan[j].SerialEncDataA & $1FFFF} during test
Motor[x].AbsPhasePosOffset = —Motor[x].AbsPhasePosForce * Motor[x].AbsPhasePosSf

o ACC-84E

[23[22[21]29]

ACC84E[i].Chanljl.SerialEncDataA

Rotary: Motor[x].AbsPhasePosSf = 2048 * NoOfPolePairs / 27

Linear: Motor[x].AbsPhasePosSf = 2048 * RESmm / ECLmm

Motor[x].pAbsPhasePos = ACC84E][i].Chan[j].SerialEncDataA.a

Motor[x].AbsPhasePosFormat = $00001108

Motor[x].AbsPhasePosForce = value of {ACC84E[i].Chan[j].SerialEncDataA & $1FFFF} during test
Motor[x].AbsPhasePosOffset = —Motor[x].AbsPhasePosForce * Motor[x].AbsPhasePosSf

2 An absolute serial encoder with 20 bits of binary single-turn (or linear scale), and no multi-turn, position data
starting at bit #4 of serial data A register.

dnjes JOJON [BNUBIN €DVIN JoMOd Z-V

o Gate3

Gate3[i].Chan[j].SerialEncDataA

Rotary: Motor[x].AbsPhasePosSf = 2048 * NoOfPolePairs / 220

Linear: Motor[x].AbsPhasePosSf = 2048 * RESmm / ECLmm

Motor[x].pAbsPhasePos = Gate3[i].Chan[j].SerialEncDataA.a

Motor[x].AbsPhasePosFormat = $00001404

Motor[x].AbsPhasePosForce = value of {{(Gate3[i].Chan[j].SerialEncDataA & $FFFFF0) >> 4} during test
Motor[x].AbsPhasePosOffset = —Motor[x].AbsPhasePosForce * Motor[x].AbsPhasePosSf

>

e ACC-84E

ACC84E[i].Chanlj).SerialEncDataA
sf2fafol T T T T T T T

Rotary: Motor[x].AbsPhasePosSf = 2048 * NoOfPolePairs / 220

Linear: Motor[x].AbsPhasePosSf = 2048 * RESmm / ECLmm

Motor[x].pAbsPhasePos = ACC84E][i].Chan[j].SerialEncDataA.a

Motor[x].AbsPhasePosFormat = $0000140C

Motor[x].AbsPhasePosForce =value of {(ACC84E[i].Chan[j].SerialEncDataA & $FFFFF0) >> 4}during test
Motor[x].AbsPhasePosOffset = —Motor[x].AbsPhasePosForce * Motor[x].AbsPhasePosSf

Buluoissiwwo) pue dnjasg 00N y-Z-V
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Example

3

Absolute Phase Reference Settings

An absolute serial encoder with 36 bits of single-turn (or linear scale) position data located in serial
data A and B registers consecutively.

o Gate3

Gate3[i].Chan[j].SerialEncDataA

Gate3[i].Chan[j].SerialEncDataB
[31]30]29[28]27]26] 25 24] 23] 22] 21] 20] 19[ 18[ 17[ 16 15[ 14 13[12] 21]20] 9 [ 8] 7[ 6] 5 ] 4_
Rotary: Motor[x].AbsPhasePosSf = 2048 * NoOfPolePairs / 232
Linear: Motor[x].AbsPhasePosSf = 2048 * RESmm * 24/ ECLmm
Motor[x].pAbsPhasePos = Gate3[i].Chan[j].SerialEncDataA.a
Motor[x].AbsPhasePosFormat = $00002004 (ignore lower 4 bits, use upper 32 bits to include MSB)
Motor[x].AbsPhasePosForce = value of
{Gate3[i].Chan[j].SerialEncDataA>>4+(Gate3[i].Chan[j].SerialEncDataB&$F)<<28} during test
Motor[x].AbsPhasePosOffset = —Motor[x].AbsPhasePosForce * Motor[x].AbsPhasePosSf

* ACC-84E
ACCB84E[i].Chan[j].SerialEncDataA

slz[afol TTTTTTT]

ACCB84E[i].Chan[j].SerialEncDataB
[23[z2[21z0[ 18] 1e[ e 2 G B NGNS S| [ | [ [ [ [ [ |
Rotary: Motor[x].AbsPhasePosSf = 2048 * NoOfPolePairs / 2%
Linear: Motor[x].AbsPhasePosSf = 2048 * RESmm * 2* / ECLmm
Motor[x].pAbsPhasePos = ACC84E[i].Chan[j].SerialEncDataA.a
Motor[x].AbsPhasePosFormat = $0008200C (ignore lower 4 bits, use upper 32 bits to include MSB)
Motor[x].AbsPhasePosForce = value of
{ACCB84E[i].Chanlj].SerialEncDataA>>4+(ACCB84E[i].Chanl[j].SerialEncDataB&$FFF)<<20} during test
Motor[x].AbsPhasePosOffset = —Motor[x].AbsPhasePosForce * Motor[x].AbsPhasePosSf

A 29-bit binary absolute serial encoder with 17 bits of single-turn and 12 bits of multi-turn position data
starting at bit #0 of serial data A register and continuously extending to bit #28.

e Gate3
Gate3[i].Chan[j].SerialEncDataA

I e Sm e e o L OB DB FIEN

Single-Turn Position Data

Motor[x].AbsPhasePosSf = 2048 * NoOfPolePairs / 2'7

Motor[x].pAbsPhasePos = Gate3[i].Chan[j].SerialEncDataA.a

Motor[x].AbsPhasePosFormat = $00001100 (use only 17-bit single-turn data in register A)
Motor[x].AbsPhasePosForce = value of {Gate3[i].Chan[j].SerialEncDataA & $1FFFF} during test
Motor[x].AbsPhasePosOffset = —Motor[x].AbsPhasePosForce * Motor[x].AbsPhasePosSf

o ACC-84E

ACC84E[i].Chan[j].SerialEncDataA

ESEAEAED FOFOE

Single-Turn Position Data
ACC84E[i].Chan[j].SerialEncDataB
[23]22]21]20]19]18]17]16]15[14[13[12]12]20[ 9 [ 8] 7[e [s[@|B]2a]e] [ [ [ [ [ [ T ]

Rotary: Motor[x].AbsPhasePosSf = 2048 * NoOfPolePairs / 2!7

Motor[x].pAbsPhasePos = ACC84E[i].Chanlj].SerialEncDataA.a

Motor[x].AbsPhasePosFormat = $00001108 (use only 17-bit single-turn data in register A)
Motor[x].AbsPhasePosForce = value of {ACC84E[i].Chanl[j].SerialEncDataA & $1FFFF} during test
Motor[x].AbsPhasePosOffset = —Motor[x].AbsPhasePosForce * Motor[x].AbsPhasePosSf
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A-2-5 Reversing Motor Operation Direction

Precautions for Safe Use

¢ The following setting modifications should not be applied while the Motor is energized.

e Motor must be re-phased after implementing operation direction change.

o Over-travel and soft limits must be modified accordingly when a Motor operation direction
is changed.

Often times, in certain applications, it is desired to reverse the Motor operation direction after set up
has been complete. For brushless Motors, the “new” settings of the structure elements necessary to
apply this change are shown below. This depends on the encoder type.

>

I Motors with Digital Quadrature, and Analog Sinusoidal Encoders ZS
Structure Element New Value %
Motor[x].PhaseOffset = — present value ?
Motor[x].PwmSf = — present value %
Gate3[i].Chan[j].EncCtrl = 3 or 7 (opposite decode value) §_>
Motor[x].AbsPhasePosSf (if using halls) = — present value §
Motor[x].AbsPhasePosOffset (if using halls) = 2048 — present value g

S

I Motors with Serial Encoders

Structure Element New Value
Motor[x].PhaseOffset = — present value >
N
Motor[x].PwmSf = — present value ;
[¢]
Motor[x].PhasePosSf = — present value 3
@,
EncTable[n].ScaleFactor = — present value «3
Motor[x].AbsPosSf (if absolute encoder) = — present value 8;
o
Motor[x].AbsPhasePosSf (if absolute encoder) = — present value 3
o
Motor[x].AbsPhasePosOffset (if absolute encoder) = 2048 — present value S
9
@
Q
&
=}
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A-3 Gate3 “Script” Motor Setup Samples

Brushless Motor setup samples w/ Power PMAC ACC-24E3, ACC-84E, and CK3M AX units are
provided in this section for reference.

Precautions for Safe Use

The samples provided in this section are for reference only, they may not operate your
Motor immediately. Care must be taken for the following items:

e Encoder and Motor specification parameters

e Current loop tuning must be performed

¢ Initial phasing must be performed

e Open loop test must be performed

o Position loop tuning must be performed

o Absolute position setup (if applicable) should be reviewed

o Absolute phase reference setup (if applicable) should be reviewed
e Generic motion parameters (e.g. Jog speed) must be reviewed

@ Additional Information

For simplicity, the samples in this section refer to Motor #1 and Gate3, index 0, channel 0.
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A-3-1 Rotary Servo Motor w/ Quadrature Encoder

I Hardware Configuration

Item Notes

Controller This sample is applicable to UMAC ACC-24E3, and CK3M AX

Amplifier CK3A-G310L (three-phase 208VAC main supply voltage)

Motor Rotary servo Motor, 200VAC, 11/23A, 4 pole pairs

Encoder Digital quadrature, 2,000-line (8,000 counts per revolution with x4 decode)

I System Gates

Sys.WpKey = $AAAAAAAA DISABLE WRITE-PROTECTION E
Sys.MaxCoords = MAX. COORD SYSTEMS+1 (EFFICIENCY) (0]
Sys.MaxMotors = 5 MAX. NO. OF MOTORS+1 (EFFICIENCY) %
w
Gate3[@].PhaseFreq = 10000 10 KHZ PHASE FREQUENCY 1%5)
Gate3[@].ServoClockDiv = 1 5 KHZ SERVO FREQUENCY g_
Sys.RtIntPeriod = 1 2.5 KHZ RTI FREQUENCY 3%
Sys.ServoPeriod = 1000 * (Gate3[0].ServoClockDiv + 1) / Gate3[@].PhaseFreq TYPICAL CALCULATION Ei
Sys.PhaseOverServoPeriod = 1 / (Gate3[0].ServoClockDiv + 1) TYPICAL CALCULATION g
o
=
Gate3[@].Chan[@].PwmFreqMult = 1 CH1-4 10 KHZ PWM FREQUENCY w
Gate3[@].Chan[1].PwmFreqMult = 1 &
Gate3[@].Chan[2].PwmFreqMult = 1 o
Gate3[@].Chan[3].PwmFreqMult = 1 g?
Gate3[@].Chan[@].PackInData = @ CH1-4 IN DATA %3
Gate3[@].Chan[1].PackInData = @ MUST BE © FOR CK3A ]
Gate3[@].Chan[2].PackInData = @
Gate3[@].Chan[3].PackInData = @
Gate3[@].Chan[@].PackOutData = © CH1-4 OUT DATA
Gate3[@].Chan[1].PackOutData = © MUST BE © FOR CK3A
Gate3[@].Chan[2].PackOutData = ©
Gate3[@].Chan[3].PackOutData = ©
Gate3[@].AdcAmpStrobe = $901001 CH1-4 STROBE WORD (FOR CK3A)
Gate3[@].AdcAmpClockDiv = 5 CH1-4 3.125 MHZ ADC CLOCK
Gate3[@] .AdcAmpHeaderBits = 4 CH1-4 MUST BE 4 (FOR CK3A)
Gate3[0].Chan[0].PwmDeadTime = 3 / 0.0533 CH1 MIN. 3pSEC FOR G310

I Encoder Conversion Table (ECT)

EncTable[1].Type = 1

EncTable[1].pEnc = Gate3[@].Chan[@].ServoCapt.a
EncTable[1].pEncl = Sys.Pushm
EncTable[1].index1
EncTable[1].index2
EncTable[1].index3
EncTable[1].index4
EncTable[1].index5
EncTable[1].index6 = ©
EncTable[1].ScaleFactor = 1 / 256
EncTable[1].MaxDelta = @

TYPICAL QUADRATURE ENCODER ENTRY

Y
o
o
o
o
0

Jepooud ainjeipeny) /M JOJO|\ OAIeS Alejoy L-g-V

EncTable[2].Type = © END OF ECT (FOR EFFICIENCY)
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I Motor Setup and Commissioning

GLOBAL Ck3alMaxAdc =
GLOBAL MtriCtsPerRev
GLOBAL MtriPolePairs
GLOBAL MtriMaxRmsCur

31.470
= 8000
=4
= 20

GLOBAL MtrilRatedRmsCur = 10
GLOBAL MtriTimeAtMaxCur = 2

Gate3[@].Chan[@].EncCtrl = 7
Motor[1].ServoCtrl = 1

Motor[1].PosUnit = 1

1

Motor[1].PosSf = 360 / MtriCtsPerRev
Motor[1].Pos2Sf = 360 / MtrlCtsPerRev
Motor[1].pLimits = Gate3[@].Chan[@].Status.a

Motor[1].AbortTa = 150

Motor[1].AbortTs = ©

Motor[1].JogTa = 300
Motor[1].JogTs = ©

Motor[1].JogSpeed = 4.5

Motor[1].FatalFeLimi
Motor[1].WarnFeLimit

Motor[1].InPosBand =
Motor[1].InPosTime =

Motor[1].pPhaseEnc =
Motor[1].PhaseCtrl =

t

=5
=0

0.05
20 / Sys.ServoPeriod

Gate3[@].Chan[@].PhaseCapt.a
4

Motor[1].PhaseEncLeftShift = ©
Motor[1].PhaseEncRightShift = @

Motor[1].PhasePosSf = 2048 * MtriPolePairs / (256 * MtrilCtsPerRev)

Motor[1].AmpFaultLevel = 1
Motor[1].AdcMask = $FFFF@000
Motor[1].PhaseOffset = 683
Motor[1].PwmSf = ©.95 * 16384

Motor[1].MaxDac = MtrlMaxRmsCur * 32768 * COSD(3@) * SQRT(2) / Ck3alMaxAdc
Motor[1].I2TSet = MtrlRatedRmsCur * 32768 * COSD(3@0) * SQRT(2) / Ck3alMaxAdc
Motor[1].I2tTrip =(POW(Motor[1].MaxDac,2)-POW(Motor[1].I2TSet,2))*MtriTimeAtMaxCur

Motor[1].CurrentNullPeriod = ©

Motor[1].IaBias = @
Motor[1].IbBias = @

Motor[1].IiGain = @
Motor[1].IpfGain = ©
Motor[1].IpbGain = ©

Motor[1].Servo.Kp =
Motor[1].Servo.Kvfb

0

0

Motor[1].Servo.Kvifb = @
Motor[1].Servo.Kvff = @
Motor[1].Servo.Kviff = @

Motor[1].Servo.Ki =
Motor[1].Servo.Kaff
Motor[1].Servo.Kfff

o

0
%}

Motor[1].Servo.SwZvInt = ©

Motor[1].PhaseFindingTime = 8000 / (2 * Sys.ServoPeriod * (Sys.RtIntPeriod + 1))

Motor[1].PhaseFindingDac = 0.8 * Motor[1].I2tSet
Motor[1].AbsPhasePosOffset = 2048 / 5

Motor[1].PowerOnMode

=0

CK3A MAX ADC

COUNTS PER REVOLUTION
NO. OF POLE PAIRS

MAX RMS CUR.(MTR>CK3A)
RATED RMS CUR.(MTR>CK3A)
TIME ALLOWED AT MAX CUR.

ENC. COUNTING DIRECTION
ACTIVATE CHANNEL

IDE WINDOW UNITS, DEGREES
SCALE POSITION TO DEGREES
SCALE VELOCITY TO DEGREES
ENABLE LIMITS, =0 TO DISABLE

ABORT DECELERATION, 150 MSEC
ABORT S-CURVE, NONE

JOG ACCELERATION, 300 MSEC
JOG S-CURVE, NONE
JOG SPEED, 4.5 DEG/MSEC

FE LIMIT, 5 DEGREES
WARNING FE LIMIT, NONE

INPOS BAND, ©.05 DEGREES
INPOS TIME, 20 MSEC

TYPICAL FOR QUADRATURE
TYPICAL FOR BRUSHLESS MOTOR
NONE FOR QUADRATURE

NONE FOR QUADRATURE

TYPICAL FOR QUADRATURE

=1 FOR CK3A

=$FFFFO000 FOR CK3A

TYPICAL FOR BRUSHLESS MOTOR
TYPICAL IF MTR VOLTAGE>INPUT

TYPICAL I2T FOR BRUSHLESS

=0 FOR CK3A
=0 DURING NORMAL OPERATION
=0 DURING NORMAL OPERATION

CURRENT LOOP GAINS
(MUST TUNE)

POSITION SERVO LOOP GAINS
(MUST TUNE)

STEPPER PHASING (8 SECONDS)
80% OF I2TSET

TYPICAL SETTING

NO ABS. PHASE ON POWER-UP
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A Appendices

A-3-2 OMRON G5 Servo Motor

I Hardware Configuration

Item Notes

Controller This setup sample is applicable to CK3M AX, or UMAC ACC-24E3
Amplifier CK3A-G305L (110VAC main supply voltage)

Motor G5 Servo Motor R88M-K40030H-S2, 200VAC, 2.4/10.2A, 5 pole pairs
Encoder G5 20-bit absolute per 1 revolution (after initial mark)

I System Gates

Sys.WpKey = $AAAAAAAA
Sys.MaxCoords = 2
Sys.MaxMotors = 5

Gate3[@].PhaseFreq = 10000

Gate3[@].ServoClockDiv = 1

Sys.RtIntPeriod = 1

Sys.ServoPeriod = 1000 * (Gate3[0].ServoClockDiv + 1) / Gate3[0].PhaseFreq
Sys.PhaseOverServoPeriod = 1 / (Gate3[0].ServoClockDiv + 1)

Gate3[@].Chan[@].PwmFreqMult
Gate3[@].Chan[1].PwmFreqMult
Gate3[@].Chan[2].PwmFreqMult
Gate3[@].Chan[3].PwmFreqMult

nm un n
RRRR

Gate3[@].Chan[@].PackInData =
Gate3[@].Chan[1].PackInData =
Gate3[@].Chan[2].PackInData =
Gate3[@].Chan[3].PackInData =

o000

Gate3[@].Chan[@].PackOutData
Gate3[@].Chan[1].PackOutData
Gate3[@].Chan[2].PackOutData
Gate3[@].Chan[3].PackOutData

[

DISABLE WRITE-PROTECTION
MAX. COORD SYSTEMS+1 (EFFICIENCY)
MAX. NO. OF MOTORS+1 (EFFICIENCY)

10 KHZ PHASE FREQUENCY
5 KHZ SERVO FREQUENCY
2.5 KHZ RTI FREQUENCY
TYPICAL CALCULATION
TYPICAL CALCULATION

CH1-4 10 KHZ PWM FREQUENCY

CH1-4 IN DATA
MUST BE @ FOR CK3A

CH1-4 OUT DATA
MUST BE @ FOR CK3A

so|dweg dnjes Jojoy ,1duos, g8les) ¢-v

Gate3[@].AdcAmpStrobe = $901001 CH1-4 STROBE WORD (FOR CK3A) ‘_IJ:
Gate3[@].AdcAmpClockDiv = 5 CH1-4 3.125 MHZ ADC CLOCK o
Gate3[@] .AdcAmpHeaderBits = 4 CH1-4 MUST BE 4 (FOR CK3A) o)
Gate3[0].Chan[0].PwmDeadTime = 2 / ©.0533 CH1 MIN. 2pSEC FOR G305 %
Gate3[@].SerialEncCtrl = $01000008 CH1-4 SERIAL ENC. CTRL 20-BIT G5 Eg
Gate3[@].Chan[@].SerialEncCmd = $521000 CH1 SERIAL ENC. CMD ®
Gate3[@].Chan[@].SerialEncEna = 1 CH1 SERIAL ENC. ENABLE a1
g
5
I Encoder Conversion Table (ECT) §
<]
EncTable[1].Type = 1 32-BIT READ
EncTable[1].pEnc = Gate3[@].Chan[@].SerialEncDataA.a
EncTable[1].pEncl = Sys.Pushm
EncTable[1].index1 = 12 12-BIT LEFT SHIFT TO MSB FOR ROLLOVER
EncTable[1].index2 = @
EncTable[1].index3 = @
EncTable[1].index4 = @
EncTable[1].index5 = @

EncTable[1].index6 = ©

EncTable[1].ScaleFactor = 1 / EXP2(EncTable[1].index1) 1/2™°%! SCALE TO LSB

EncTable[1].MaxDelta = @

EncTable[2].Type = ©
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A Appendices

I Motor Setup and Commissioning

GLOBAL Ck3alMaxAdc = 15.735

GLOBAL MtriSingleTurn = 20

GLOBAL MtriCtsPerRev = EXP2(Mtri1SingleTurn)
GLOBAL MtriPolePairs = 5

GLOBAL MtrilMaxRmsCur = 10

GLOBAL MtriRatedRmsCur = 2.5

GLOBAL MtriTimeAtMaxCur = 2

Motor[1].ServoCtrl = 1

Motor[1].PosUnit = 11

Motor[1].PosSf = 360 / MtriCtsPerRev
Motor[1].Pos2Sf = 360 / MtrlCtsPerRev
Motor[1].pLimits = Gate3[@].Chan[@].Status.a

Motor[1].AbortTa = 100
Motor[1].AbortTs = ©

Motor[1].JogTa = 100
Motor[1].JogTs = ©
Motor[1].JogSpeed = 3

Motor[1].FatalFeLimit = 1
Motor[1].WarnFeLimit = @

Motor[1].InPosBand = ©.050
Motor[1].InPosTime = 5 / Sys.ServoPeriod

Motor[1].pPhaseEnc = Gate3[@].Chan[@].SerialEncDataA.a
Motor[1].PhaseCtrl = 4

Motor[1].PhaseEncLeftShift = 12
Motor[1].PhaseEncRightShift = @

Motor[1].PhasePosSf = 2048 * MtriPolePairs / EXP2(32)

Motor[1].AmpFaultLevel = 1
Motor[1].AdcMask = $FFFF@000
Motor[1].PhaseOffset = 683
Motor[1].PwmSf = ©.95 * 16384

CK3A MAX ADC

SINGLE TURN ST BITS
COUNTS PER REV. =257
NUMBER OF POLE PAIRS
MAX RMS CUR.(CK3A<MTR)
RATED RMS CUR.(MTR<CK3A)
TIME ALLOWED AT MAX CUR.

ACTIVATE CHANNEL

IDE WINDOW UNITS (DEGREES)
SCALE POSITION TO DEG.

SCALE VELOCITY TO DEG.
ENABLE LIMITS, =0 TO DISABLE

ABORT DECELERATION, 100 MSEC
ABORT S-CURVE, NONE

JOG ACCELERATION, 100 MSEC
JOG S-CURVE, NONE
JOG SPEED, 3 DEG/MSEC

FE LIMIT, 1 DEG
WARNING FE LIMIT, NONE

INPOS BAND, [DEG]
INPOS TIME, 5 MSEC

SERIAL ENCODER
TYPICAL FOR BRUSHLESS MOTOR
SHIFT LEFT TO MSB

NO RIGHT SHIFT

=2048*POLE PAIRS/25T+teftshift

=1 FOR CK3A

=$FFFFO000 FOR CK3A

TYPICAL FOR BRUSHLESS MOTOR
TYPICAL IF MTR VOLTAGE>INPUT

Motor[1].MaxDac = MtrlMaxRmsCur * 32768 * COSD(3@) * SQRT(2) / Ck3alMaxAdc TYPICAL I2T FOR BRUSHLESS
Motor[1].I2TSet = MtrlRatedRmsCur * 32768 * COSD(3@) * SQRT(2) / Ck3alMaxAdc ..
Motor[1].I2tTrip =(POW(Motor[1].MaxDac,2)-POW(Motor[1].I2TSet,2))*MtriTimeAtMaxCur

Motor[1].CurrentNullPeriod = ©
Motor[1].IaBias = @
Motor[1].IbBias = @

Motor[1].IiGain = @.144
Motor[1].IpfGain = 2.7
Motor[1].IpbGain = ©

Motor[1].Servo.Kp = 1200
Motor[1].Servo.Kvfb = 13000
Motor[1].Servo.Kvifb = @
Motor[1].Servo.Kvff = 13000
Motor[1].Servo.Kviff = @
Motor[1].Servo.Ki = 0.016
Motor[1].Servo.Kaff = 80000
Motor[1].Servo.Kfff = @
Motor[1].Servo.SwZvInt = ©

Motor[1].pAbsPos = Gate3[@].Chan[@].SerialEncDataA.a
Motor[1].AbsPosFormat = $1400

Motor[1].AbsPosSF = Motor[1].PosSf
Motor[1].HomeOffset = @

Motor[1].pAbsPhasePos = Gate3[@].Chan[@].SerialEncDataA.a
Motor[1].AbsPhasePosFormat = $1400
Motor[1].AbsPhasePosSf = 2048 * MtrilPolePairs / MtriCtsPerRev

//Motor[1].AbsPhasePosForce = Gate3[0].Chan[@].SerialEncDataA & $FFFFF

Motor[1].AbsPhasePosForce = 69614

Motor[1].AbsPhasePosOffset =-Motor[1].AbsPhasePosForce * Motor[1].AbsPhasePosSf

Motor[1].PowerOnMode = @

=0 FOR CK3A
=0 DURING NORMAL OPERATION
=0 DURING NORMAL OPERATION

CURRENT LOOP GAINS

POSITION SERVO LOOP GAINS

TYPICAL FOR SERIAL ABS. ENC.
UNSIGNED ST BITS

SAME AS POSITION SCALE

USER CONFIGURABLE POS. OFFSET

TYPICAL FOR ABS. SERIAL ENC.
USE ST DATA FOR ABS. PHASE
=2048*MOTOR POLE PAIRS/25T
MASK ST BITS, TEST VALUE
STORE TEST VALUE

TYPICAL SETTING

NO POWER ON ABS READS
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A Appendices

I Special PLC for this Motor/Encoder Assembly

The first time this G5 encoder is supplied with power, it requires a special procedure to move to an
index mark before the absolute position (and phase reference) can be read. The following is a sample
PLC that performs this procedure.

GLOBAL PhaseHomeFlag = ©

OPEN PLC PhaseHomePLC
IF(PhaseHomeFlag == 1)
{
LOCAL EncStatusWord
LOCAL StepAngle = 1
LOCAL StepMag = 1000

// READ ENCODER STATUS WORD
EncStatusWord = (Gate3[@].Chan[@].SerialEncDataA & $F00000) >> 20
CALL DelayTimer.msec(10)

// NOT INITIALIZED?
IF(EncStatusWord > 0)
{
WHILE(EncStatusWord > © & Motor[1].AmpFault == 0)
{
IF(Motor[1].AmpEna == 0)
{
CcouT 1:0
WHILE(Motor[1].AmpEna == © && Motor[1].AmpFault == 0){}

so|dweg dnjes Jojoy ,1duos, g8les) ¢-v

}
Motor[1].IaBias = StepMag * SIND(StepAngle + 120)

Motor[1].IbBias = StepMag * SIND(StepAngle)
EncStatusWord = (Gate3[@].Chan[@].SerialEncDataA & $F00000) >> 20
StepAngle++

}
CALL DelayTimer.msec(50)

0
0

Motor[1].IaBias
Motor[1].IbBias
KILL 1

CALL DelayTimer.msec(50)

// ABSOLUTE PHASE READ
Motor[1].PhaseFindingStep = 1
CALL DelayTimer.msec(1090)
WHILE(Motor[1].PhaseFound == 0){}

J0JO\ OAIBS GO NOYHINO 2-€-V

// ABSOLUTE POSITION READ

HOMEZ 1

CALL DelayTimer.msec(100)
WHILE(Motor[1].HomeComplete == 0){}

PhaseHomeFlag = 0

}
CLOSE
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A Appendices

A-3-3 OMRON 1S Servo Motor (ACC-84E)

A -52

I Hardware Configuration

Item Notes

Controller This setup sample is applicable to UMAC ACC-24E3 w/ ACC-84E (1S protocol)

Amplifier CK3A-G305L (110VAC main supply voltage)
Motor 1S Servo Motor R88M-1M10030S, 100VAC, 1.5/4.7A
Encoder 1S serial absolute 23-bit single-turn, 16-bit multi-turn

I System Gates

Sys.WpKey = $AAAAAAAA
Sys.MaxCoords = 2
Sys.MaxMotors = 5

Gate3[@].PhaseFreq = 10000
Gate3[@].ServoClockDiv = 1
Sys.RtIntPeriod = 1

DISABLE WRITE-PROTECTION
MAX. COORD SYSTEMS+1 (EFFICIENCY)
MAX. NO. OF MOTORS+1 (EFFICIENCY)

10 KHZ PHASE FREQUENCY
5 KHZ SERVO FREQUENCY
2.5 KHZ RTI FREQUENCY

Sys.ServoPeriod = 1000 * (Gate3[0].ServoClockDiv + 1) / Gate3[0].PhaseFreq TYPICAL CALCULATION
Sys.PhaseOverServoPeriod = 1 / (Gate3[0].ServoClockDiv + 1) TYPICAL CALCULATION
Gate3[@].Chan[@].PwmFreqMult = 1 CH1-4 10 KHZ PWM FREQUENCY
Gate3[@].Chan[1].PwmFreqMult = 1

Gate3[@].Chan[2].PwmFreqMult = 1

Gate3[@].Chan[3].PwmFreqMult = 1

Gate3[@].Chan[@].PackInData = @ CH1-4 IN DATA
Gate3[@].Chan[1].PackInData = @ MUST BE © FOR CK3A
Gate3[@].Chan[2].PackInData = @

Gate3[@].Chan[3].PackInData = @

Gate3[@].Chan[@].PackOutData = © CH1-4 OUT DATA
Gate3[@].Chan[1].PackOutData = © MUST BE @ FOR CK3A
Gate3[@].Chan[2].PackOutData = ©

Gate3[@].Chan[3].PackOutData = ©

Gate3[@].AdcAmpStrobe = $901001
Gate3[@].AdcAmpClockDiv = 5

Gate3[@] .AdcAmpHeaderBits = 4
Gate3[@].Chan[@].PwmDeadTime = 2 / ©.0533

ACC84E[0].SerialEncCtrl = $E
ACC84E[0].Chan[0].SerialEncCmd = $1400

I Encoder Conversion Table (ECT)

CH1-4 STROBE WORD (FOR CK3A)
CH1-4 3.125 MHZ ADC CLOCK
CH1-4 MUST BE 4 (FOR CK3A)
CH1 MIN. 2pSEC FOR G305

ACC-84E CH1-4 FOR 1S
ACC-84E CH1 SERIAL ENC. CMD FOR 1S

EncTable[1].Type = 1

EncTable[1].pEnc = Gate3[@].Chan[@].SerialEncDataA.a
EncTable[1].pEncl = Sys.Pushm

EncTable[1].index1
EncTable[1].index2
EncTable[1].index3
EncTable[1].index4
EncTable[1].index5
EncTable[1].index6 =
EncTable[1].ScaleFactor = 1 / EXP2(EncTable[1].index1)
EncTable[1].MaxDelta = ©

OO O ® W

EncTable[2].Type = @

32-BIT READ

ACC-84 (LEFT SHIFT)
ACC-84 (RIGHT SHIFT)

1/2™PEX1 SCALE TO LSB

END OF ECT (FOR EFFICIENCY)
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I Motor Setup and Commissioning

A Appendices

GLOBAL Ck3alMaxAdc = 15.735

GLOBAL MtriSingleTurn = 23

GLOBAL MtriMultiTurn = 16

GLOBAL MtriCtsPerRev = EXP2(Mtri1SingleTurn)
GLOBAL MtriPolePairs = 5
GLOBAL MtriMaxRmsCur = 4.7
GLOBAL MtriRatedRmsCur = 1.5
GLOBAL MtriTimeAtMaxCur = 2
Motor[1].ServoCtrl = 1
Motor[1].PosUnit = 11
Motor[1].PosSf = 360 / MtriCtsPerRev
Motor[1].Pos2Sf = 360 / MtrlCtsPerRev
Motor[1].pLimits = Gate3[@].Chan[@].Status.a

Motor[1].AbortTa
Motor[1].AbortTs

100
0

Motor[1].JogTa = 100
Motor[1].JogTs = ©
Motor[1].JogSpeed = 3

Motor[1].FatalFeLimit = 1
Motor[1].WarnFeLimit = ©

Motor[1].InPosBand = ©.050
Motor[1].InPosTime = 5 / Sys.ServoPeriod

Motor[1].pPhaseEnc = ACC84E[0].Chan[@].SerialEncDataA.a
Motor[1].PhaseCtrl = 4

Motor[1].PhaseEncLeftShift = 9
Motor[1].PhaseEncRightShift = 8

Motor[1].PhasePosSf = 2048 * MtriPolePairs / EXP2(32)

Motor[1].AmpFaultLevel = 1
Motor[1].AdcMask = $FFFFO000
Motor[1].PhaseOffset = 683
Motor[1].PwmSf = ©.95 * 16384

Motor[1].MaxDac = MtrlMaxRmsCur * 32768 * COSD(3@0) * SQRT(2) / Ck3alMaxAdc
Motor[1].I2TSet = MtrlRatedRmsCur * 32768 * COSD(3@0) * SQRT(2) / Ck3alMaxAdc

Motor[1].I2tTrip =(POW(Motor[1].MaxDac,2)-POW(Motor[1].I2TSet,2))*MtriTimeAtMaxCur

Motor[1].CurrentNullPeriod = ©
Motor[1].IaBias = @
Motor[1].IbBias = @

Motor[1].IiGain = @
Motor[1].IpfGain = ©
Motor[1].IpbGain = ©

Motor[1].Servo.Kp = @
Motor[1].Servo.Kvfb = @
Motor[1].Servo.Kvifb = @
Motor[1].Servo.Kvff = ©
Motor[1].Servo.Kviff = @
Motor[1].Servo.Ki = @
Motor[1].Servo.Kaff = @
Motor[1].Servo.Kfff = ©
Motor[1].Servo.SwZvInt = ©

Motor[1].pAbsPos = ACC84E[0].Chan[@].SerialEncDataA.a
Motor[1].AbsPosFormat = $01082708

Motor[1].AbsPosSF = Motor[1].PosSf
Motor[1].HomeOffset = ©

Motor[1].pAbsPhasePos = ACC84E[0Q].Chan[@].SerialEncDataA.a
Motor[1].AbsPhasePosFormat = $1708

Motor[1].AbsPhasePosSf = 2048 * MtrlPolePairs / MtriCtsPerRev
//Motor[1].AbsPhasePosForce = ACC84E[@].Chan[@].SerialEncDataA & $7FFFFF
Motor[1].AbsPhasePosForce = 1269945

Motor[1].AbsPhasePosOffset =-Motor[1].AbsPhasePosForce * Motor[1].AbsPhasePosSf
Motor[1].PowerOnMode = $6
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CK3A MAX ADC

SINGLE TURN ST BITS
MULTI TURN MT BITS
COUNTS PER REV. =257
NUMBER OF POLE PAIRS
MAX RMS CUR.(MTR<CK3A)
RATED RMS CUR.(MTR<CK3A)
TIME ALLOWED AT MAX CUR.

ACTIVATE CHANNEL

IDE WINDOW UNITS (DEGREES)
SCALE POSITION TO DEGREES
SCALE VELOCITY TO DEGREES
ENABLE LIMITS, =0 TO DISABLE

ABORT DECELERATION, 100 MSEC
ABORT S-CURVE, NONE

JOG ACCELERATION, 100 MSEC
JOG S-CURVE, NONE
JOG SPEED, 3 DEG/MSEC

FE LIMIT, 1 DEG
WARNING FE LIMIT, NONE

INPOS BAND, [DEG]
INPOS TIME, 5 MSEC

ACC-84 SERIAL ENCODER
TYPICAL FOR BRUSHLESS MOTOR
SHIFT LEFT TO MSB

TYPICAL ACC-84

=2048*POLE PAIRS/2°T*teftshift

=1 FOR CK3A

=$FFFFO000 FOR CK3A

TYPICAL FOR BRUSHLESS MOTOR
TYPICAL IF MTR VOLTAGE>INPUT

TYPICAL I2T FOR BRUSHLESS

=0 FOR CK3A
=0 DURING NORMAL OPERATION
=0 DURING NORMAL OPERATION

CURRENT LOOP GAINS
(MUST TUNE)

POSITION SERVO LOOP GAINS
(MUST TUNE)

TYPICAL FOR SERIAL ABS. ENC.
SIGNED ST+MT BITS

SAME AS POSITION SCALE

USER CONFIGURABLE POS. OFFSET

TYPICAL FOR ABS. SERIAL ENC.
USE ST DATA FOR ABS. PHASE
=2048*MOTOR POLE PAIRS/257
MASK ST BITS, TEST VALUE
STORE TEST VALUE

TYPICAL SETTING

POWER-ON ABS. PHASE AND POS

A-53

so|dweg dnjes Jojoy ,1duos, g8les) ¢-v

>

(3¥8-00V) J0j0\ 0OAI8S S NOHINO €-€-V



A Appendices

A-3-4 Linear Servo Motor w/ Sinusoidal Encoder

I Hardware Configuration

Item
Controller
Amplifier
Motor

Encoder

Notes

This sample is applicable to UMAC ACC-24E3 (standard sinusoidal), and CK3M AX (sinusoidal)
CK3A-G310L (three-phase 208VAC main supply voltage)

Linear servo Motor, 200VAC, 2.6/8.3A, 60.96mm electrical cycle length

Sinusoidal, 20um (resolution) sine cycle length

I System Gates

Sys.WpKey = $AAAAAAAA DISABLE WRITE-PROTECTION
Sys.MaxCoords = 2 MAX. COORD SYSTEMS+1 (EFFICIENCY)
Sys.MaxMotors = 5 MAX. NO. OF MOTORS+1 (EFFICIENCY)
Gate3[@].PhaseFreq = 10000 10 KHZ PHASE FREQUENCY
Gate3[@].ServoClockDiv = 1 5 KHZ SERVO FREQUENCY
Sys.RtIntPeriod = 1 2.5 KHZ RTI FREQUENCY
Sys.ServoPeriod = 1000 * (Gate3[0].ServoClockDiv + 1) / Gate3[@].PhaseFreq TYPICAL CALCULATION
Sys.PhaseOverServoPeriod = 1 / (Gate3[0].ServoClockDiv + 1) TYPICAL CALCULATION
Gate3[@].Chan[@].PwmFreqMult = 1 CH1-4 10 KHZ PWM FREQUENCY
Gate3[@].Chan[1].PwmFreqMult = 1

Gate3[@].Chan[2].PwmFreqMult = 1

Gate3[@].Chan[3].PwmFreqMult = 1

Gate3[@].Chan[@].PackInData = @ CH1-4 IN DATA
Gate3[@].Chan[1].PackInData = @ MUST BE © FOR CK3A
Gate3[@].Chan[2].PackInData = @

Gate3[@].Chan[3].PackInData = @

Gate3[@].Chan[@].PackOutData = © CH1-4 OUT DATA
Gate3[@].Chan[1].PackOutData = © MUST BE © FOR CK3A
Gate3[@].Chan[2].PackOutData = ©

Gate3[@].Chan[3].PackOutData = ©

Gate3[@].AdcAmpStrobe = $901001 CH1-4 STROBE WORD (FOR CK3A)
Gate3[@].AdcAmpClockDiv = 5 CH1-4 3.125 MHZ ADC CLOCK
Gate3[@] .AdcAmpHeaderBits = 4 CH1-4 MUST BE 4 (FOR CK3A)
Gate3[0].Chan[0@].PwmDeadTime = 3 / 0.0533 CH1 MIN. 3pSEC FOR G310
Gate3[@].EncClockDiv = 3 ENC. SAMPLING 12.5MHZ
Gate3[@].AdcEncClockDiv = 3 ENC. ADC SAMPLING 12.5MHZ
//Gate3[0].AdcEncCtrl = $3FFFCO00 UNCOMMENT FOR CK3M AX

I Encoder Conversion Table (ECT)

EncTable[1].Type = 1 TYPICAL SINUSOIDAL ENCODER ENTRY
EncTable[1].pEnc = Gate3[@].Chan[@].ServoCapt.a
EncTable[1].pEncl = Sys.Pushm

EncTable[1].index1
EncTable[1].index2
EncTable[1].index3
EncTable[1].index4
EncTable[1].index5
EncTable[1].index6 =

©OO0O00O0

EncTable[1].ScaleFactor = 1
EncTable[1].MaxDelta = @

EncTable[2].Type = @ END OF ECT (FOR EFFICIENCY)
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I Motor Setup and Commissioning

A Appendices

GLOBAL Ck3alMaxAdc = 31.470

GLOBAL MtrlRes = 0.020

GLOBAL MtriCtsPerMm = 16384 / MtrilRes
GLOBAL MtrilEcl = 60.96
GLOBAL MtrilMaxRmsCur = 8.3
GLOBAL MtrilRatedRmsCur = 2.6
GLOBAL MtriTimeAtMaxCur = 2
Motor[1].EncType = 6
Gate3[@].Chan[@].AtanEna = 1

Gate3[@].Chan[@].EncCtrl = 7
Motor[1].ServoCtrl = 1
Motor[1].PosUnit = 3
Motor[1].PosSf = 1 / MtriCtsPerMm

Motor[1].Pos2Sf = 1 / MtriCtsPerMm
Motor[1].pLimits = Gate3[@].Chan[@].Status.a

Motor[1].AbortTa
Motor[1].AbortTs

100
0

Motor[1].JogTa = 100
Motor[1].JogTs = ©
Motor[1].JogSpeed = 0.050

Motor[1].FatalFeLimit = 0.500
Motor[1].WarnFeLimit = @

Motor[1].InPosBand = ©.000100
Motor[1].InPosTime = 1@ / Sys.ServoPeriod

Motor[1].pPhaseEnc = Gate3[0].Chan[@].PhaseCapt.a
Motor[1].PhaseCtrl = 4

Motor[1].PhaseEncLeftShift = @
Motor[1].PhaseEncRightShift = @

Motor[1].PhasePosSf = 2048 * MtriRes / (MtrlEcl * 16384)

Motor[1].AmpFaultLevel = 1
Motor[1].AdcMask = $FFFFO000
Motor[1].PhaseOffset = 683
Motor[1].PwmSf = ©.95 * 16384

Motor[1].MaxDac = MtrlMaxRmsCur * 32768 * COSD(3@0) * SQRT(2) / Ck3alMaxAdc
Motor[1].I2TSet = MtrlRatedRmsCur * 32768 * COSD(3@) * SQRT(2) / Ck3alMaxAdc
Motor[1].I2tTrip =(POW(Motor[1].MaxDac,2)-POW(Motor[1].I2TSet,2))*MtriTimeAtMaxCur

Motor[1].CurrentNullPeriod = @
Motor[1].IaBias = @
Motor[1].IbBias = @

Motor[1].IiGain = @
Motor[1].IpfGain = @
Motor[1].IpbGain = @

Motor[1].Servo.Kp = ©
Motor[1].Servo.Kvfb = ©
Motor[1].Servo.Kvifb = @
Motor[1].Servo.Kvff = @
Motor[1].Servo.Kviff = @
Motor[1].Servo.Ki = ©
Motor[1].Servo.Kaff = @
Motor[1].Servo.Kfff = ©
Motor[1].Servo.SwZvInt = ©

Motor[1].pAbsPhasePos = Gate3[@].Chan[@].Status.a
Motor[1].AbsPhasePosFormat = $400030C
Motor[1].AbsPhasePosSf = 2048 / 12
Motor[1].AbsPhasePosOffset = ©
Motor[1].PowerOnMode = 2
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CK3A MAX ADC

RESOLUTION, ENC. PITCH [mm]
COUNTS PER MM

ELECTRICAL CYCLE LENGTH [mm]
MAX RMS CUR.(MTR<CK3A)

RATED RMS CUR.(MTR<CK3A)
TIME ALLOWED AT MAX CUR.

TYPICAL FOR SINUSOIDAL
TYPICAL FOR SINUSOIDAL
ENC. COUNTING DIRECTION

ACTIVATE CHANNEL

IDE WINDOW UNITS [mm]

SCALE POSITION TO mm

SCALE VELOCITY TO mm

ENABLE LIMITS, =0 TO DISABLE

ABORT DECELERATION, 100 MSEC
ABORT S-CURVE, NONE

JOG ACCELERATION, 100 MSEC
JOG S-CURVE, NONE
JOG SPEED, 50 mm/sec

FE LIMIT, 500 pm
WARNING FE LIMIT, NONE

INPOS BAND, 100 nm
INPOS TIME, 10 MSEC

TYPICAL FOR SINUSOIDAL
TYPICAL FOR BRUSHLESS MOTOR
NONE FOR SINUSOIDAL

NONE FOR SINUSOIDAL

TYPICAL FOR SINUSOIDAL

=1 FOR CK3A

=$FFFFO000 FOR CK3A

TYPICAL FOR BRUSHLESS MOTOR
TYPICAL IF MTR VOLTAGE>INPUT

TYPICAL I2T FOR BRUSHLESS

=0 FOR CK3A
=0 DURING NORMAL OPERATION
=0 DURING NORMAL OPERATION

CURRENT LOOP GAINS
(MUST TUNE)

POSITION SERVO LOOP GAINS
(MUST TUNE)

HALLS ABS. PHASING

MUST SET + PER HALLS PROCEDURE
MUST FIND PER HALLS PROCEDURE
ABS HALLS PHASE ON POWER-UP
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A Appendices

A-3-5 Linear Servo Motor w/ BiSS Encoder (ACC-84E)

I Hardware Configuration

Item

Controller

Amplifier

Motor

Encoder

Notes

This sample is applicable to UMAC ACC-24E3 w/ ACC-84E(BiSS)
CK3A-G310L (three-phase 208VAC main supply voltage)

Linear servo Motor, 200VAC, 2.6/8.3A, 60.96mm electrical cycle length

BiSS, 32-bit, 1nm resolution

I System Gates

Sys.WpKey = $AAAAAAAA DISABLE WRITE-PROTECTION
Sys.MaxCoords = MAX. COORD SYSTEMS+1 (EFFICIENCY)
Sys.MaxMotors = 5 MAX. NO. OF MOTORS+1 (EFFICIENCY)
Gate3[@].PhaseFreq = 10000 10 KHZ PHASE FREQUENCY
Gate3[@].ServoClockDiv = 1 5 KHZ SERVO FREQUENCY
Sys.RtIntPeriod = 1 2.5 KHZ RTI FREQUENCY
Sys.ServoPeriod = 1000 * (Gate3[0].ServoClockDiv + 1) / Gate3[@].PhaseFreq TYPICAL CALCULATION
Sys.PhaseOverServoPeriod = 1 / (Gate3[@].ServoClockDiv + 1) TYPICAL CALCULATION
Gate3[@].Chan[@].PwmFreqMult = 1 CH1-4 10 KHZ PWM FREQUENCY
Gate3[@].Chan[1].PwmFreqMult = 1

Gate3[@].Chan[2].PwmFreqMult = 1

Gate3[@].Chan[3].PwmFreqMult = 1

Gate3[@].Chan[@].PackInData = @ CH1-4 IN DATA
Gate3[@].Chan[1].PackInData = @ MUST BE © FOR CK3A
Gate3[@].Chan[2].PackInData = @

Gate3[@].Chan[3].PackInData = @

Gate3[@].Chan[@].PackOutData = © CH1-4 OUT DATA
Gate3[@].Chan[1].PackOutData = © MUST BE © FOR CK3A
Gate3[@].Chan[2].PackOutData = ©

Gate3[@].Chan[3].PackOutData = ©

Gate3[@].AdcAmpStrobe = $901001 CH1-4 STROBE WORD (FOR CK3A)
Gate3[@].AdcAmpClockDiv = 5 CH1-4 3.125 MHZ ADC CLOCK
Gate3[0] .AdcAmpHeaderBits = 4 CH1-4 MUST BE 4 (FOR CK3A)
Gate3[0].Chan[0@].PwmDeadTime = 3 / 0.0533 CH1 MIN. 3pSEC FOR G310
ACC84E[0].SerialEncCtrl = $31000B SERIAL ENC. CTRL (BISS)
ACC84E[0].Chan[0].SerialEncCmd = $2114A0 SERIAL ENC. COMMAND (32 BITS)

I Encoder Conversion Table (ECT)

EncTable[
EncTable[
EncTable[
EncTable[
EncTable[
EncTable[
EncTable[
EncTable[
EncTable[
EncTable[
EncTable[

EncTable[

A - 56

1].Type
1].pEnc
1].pEnc

1].index1
1].index2
1].index3
1].index4
1].index5
1].index6

1

TYPICAL SERIAL ACC-84 ENTRY

-
w N

C84E[0].Chan[@].SerialEncDataA.a
s.Pushm

y
8
8
0
o
o

o

1].ScaleFactor = EXP2(EncTable[1].index1)
1] .MaxDelta = @

2].Type = @ END OF ECT (FOR EFFICIENCY)
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I Motor Setup and Commissioning

A Appendices

GLOBAL Ck3alMaxAdc = 31.470
GLOBAL MtrilRes = 0.000001

GLOBAL MtriCtsPerMm = 1 / MtrilRes
GLOBAL MtrilEcl = 60.96
GLOBAL MtrilMaxRmsCur = 8.3
GLOBAL MtrilRatedRmsCur = 2.6
GLOBAL MtriTimeAtMaxCur = 2
Motor[1].ServoCtrl = 1
Motor[1].PosUnit = 3
Motor[1].PosSf = 1 / MtriCtsPerMm
Motor[1].Pos2Sf = 1 / MtrlCtsPerMm

Motor[1].pLimits = Gate3[@].Chan[@].Status.a

Motor[1].AbortTa = 100
Motor[1].AbortTs = ©

Motor[1].JogTa = 100
Motor[1].JogTs = ©
Motor[1].JogSpeed = 0.050

Motor[1].FatalFeLimit = ©.500
Motor[1].WarnFeLimit = @

Motor[1].InPosBand = ©.000100
Motor[1].InPosTime = 1@ / Sys.ServoPeriod

Motor[1].pPhaseEnc = ACC84E[@].Chan[@].SerialEncDataA.a

Motor[1].PhaseCtrl = 4
Motor[1].PhaseEncLeftShift = 8
Motor[1].PhaseEncRightShift = 8

Motor[1].PhasePosSf = 2048 * MtriRes / (EXP2(Motor[1].PhaseEncLeftShift) * MtriEcl)

Motor[1].AmpFaultLevel = 1
Motor[1].AdcMask = $FFFF@000
Motor[1].PhaseOffset = 683
Motor[1].PwmSf = ©.95 * 16384

Motor[1].MaxDac = MtrlMaxRmsCur * 32768 * COSD(3@) * SQRT(2) / Ck3alMaxAdc
Motor[1].I2TSet = MtrlRatedRmsCur * 32768 * COSD(3@0) * SQRT(2) / Ck3alMaxAdc
Motor[1].I2tTrip =(POW(Motor[1].MaxDac,2)-POW(Motor[1].I2TSet,2))*MtriTimeAtMaxCur

Motor[1].CurrentNullPeriod = ©
Motor[1].IaBias = @
Motor[1].IbBias = @

Motor[1].IiGain = @
Motor[1].IpfGain = ©
=0

CK3A MAX ADC

1nm RESOLUTION [mm]

COUNTS PER MM

ELECTRICAL CYCLE LENGTH [mm]
MAX RMS CUR.(MTR<CK3A)

RATED RMS CUR.(MTR<CK3A)
TIME ALLOWED AT MAX CUR.

ACTIVATE CHANNEL

IDE WINDOW UNITS [mm]

SCALE POSITION TO mm

SCALE VELOCITY TO mm

ENABLE LIMITS, =0 TO DISABLE

ABORT DECELERATION, 100 MSEC
ABORT S-CURVE, NONE

JOG ACCELERATION, 100 MSEC
JOG S-CURVE, NONE
JOG SPEED, 50 mm/sec

FE LIMIT, 500 pm
WARNING FE LIMIT, NONE

INPOS BAND, 100 nm
INPOS TIME, 10 MSEC

TYPICAL FOR SERIAL

TYPICAL FOR BRUSHLESS MOTOR
ACC-84

ACC-84

TYPICAL FOR SERIAL

=1 FOR CK3A

=$FFFFO000 FOR CK3A

TYPICAL FOR BRUSHLESS MOTOR
TYPICAL IF MTR VOLTAGE>INPUT

TYPICAL I2T FOR BRUSHLESS

=0 FOR CK3A
=0 DURING NORMAL OPERATION
=0 DURING NORMAL OPERATION

CURRENT LOOP GAINS
(MUST TUNE)

Motor[1].IpbGain
Motor[1].Servo.Kp = @ POSITION SERVO LOOP GAINS
Motor[1].Servo.Kvfb = @

Motor[1].Servo.Kvifb = @
Motor[1].Servo.Kvff = @
Motor[1].Servo.Kviff = @
Motor[1].Servo.Ki = @
Motor[1].Servo.Kaff = @
Motor[1].Servo.Kfff = @
Motor[1].Servo.SwZvInt = ©

Motor[1].pAbsPos = ACC84E[0].Chan[@].SerialEncDataA.a

Motor[1].AbsPosFormat = $00082008
Motor[1].AbsPosSF = Motor[1].PosSf
Motor[1].HomeOffset = @

Motor[1].pAbsPhasePos = ACC84E[0].Chan[@].SerialEncDataA.a

Motor[1].AbsPhasePosFormat = $00082008

(MUST TUNE)

TYPICAL FOR SERIAL ABS. ENC.
UNSIGNED 32 BITS

SAME AS POSITION SCALE

USER CONFIGURABLE POS. OFFSET

TYPICAL FOR ABS. SERIAL ENC.
USE 32 BITS FOR ABS. PHASE

so|dweg dnjes Jojoy ,1duos, g8les) ¢-v

>
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Motor[1].AbsPhasePosSf = 2048 * MtrlRes / MtrilEcl

//Motor[1].AbsPhasePosForce =

//ACC84E[0] .Chan[@].SerialEncDataA+(ACC84E[@].Chan[@].SerialEncDataB&$FF)*16777216
Motor[1].AbsPhasePosForce = 253109861 STORE TEST VALUE
Motor[1].AbsPhasePosOffset =-Motor[1].AbsPhasePosForce * Motor[1].AbsPhasePosSf TYPICAL SETTING
Motor[1].PowerOnMode = $6 ABS. PHASE AND POS ON POWER-UP

TYPICAL FOR ABS. SERIAL ENC.
READ 32 BITS, TEST VALUE
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A Appendices

A-4 Gate1 “Script” Motor Setup Samples

A -58

Brushless Motor setup samples w/ Gate1 (UMAC ACC-24E2) are provided in this section for

reference.

Precautions for Safe Use

The samples provided in this section are for reference only, they may not operate your
Motor immediately. Care must be taken for the following items:

Encoder and Motor specification parameters

Current loop tuning must be performed

Initial phasing must be performed

Open loop test must be performed

Position loop tuning must be performed

Absolute position setup (if applicable) should be reviewed
Absolute phase reference setup (if applicable) should be reviewed
Generic motion parameters (e.g. Jog speed) must be reviewed

@ Additional Information

For simplicity, the samples in this section refer to Motor #1 and Gate1, index 4, channel 0
for the Power PMAC section, and $78200 base address for the Turbo PMAC section.
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A Appendices

A-4-1 Power PMAC with Gate1 (ACC-24E2)

I Hardware Configuration

Item Notes

Controller This sample is applicable to Power PMAC UMAC with ACC-24E2
Amplifier CK3A-G305L (single-phase 110VAC main supply voltage)

Motor Rotary servo Motor, 48VDC, 3/9A, 2 pole pairs

Encoder Digital quadrature, 500-line (2,000 counts per revolution with x4 decode)

I System Gates

Sys.WpKey = $AAAAAAAA DISABLE WRITE-PROTECTION 4']:
Sys.MaxCoords = MAX. COORD SYSTEMS+1 (EFFICIENCY) (0]
Sys.MaxMotors = 5 MAX. NO. OF MOTORS+1 (EFFICIENCY) %
Gatel[4].PwmPeriod = 2948 20 KHZ MAX PHASE FREQUENCY (5
Gatel[4].PhaseClockDiv = 1 10 KHZ PHASE & PWM FREQUENCY g_
Gatel[4].ServoClockDiv = 1 5 KHZ SERVO FREQUENCY =4
Sys.RtIntPeriod = 1 2.5 KHZ RTI FREQUENCY Ei
Sys.ServoPeriod = 0.2 SERVO PERIOD [MSEC] [}
Sys.PhaseOverServoPeriod = 0.5 PHASE OVER SERVO RATIO ]

(%]
Gatel[4].AdcStrobe = $901001 CH1-4 STROBE WORD (FOR CK3A) g-
Gatel[4].HardwareClockCtrl = 2258 CH1-4 2.4576 MHZ ADC CLOCK (DEFAULT) o
Gatel[4].Chan[@].PwmDeadTime = 2 / ©0.135 CH1-4 2uSEC FOR G310 g?

3

°

3

I Encoder Conversion Table (ECT)

EncTable[1].Type = 3

EncTable[1].pEnc = Gatel[4].Chan[@].ServoCapt.a
EncTable[1].pEncl = Gatel [4].Chan[@].TimeBetweenCts.a
EncTable[1].index1
EncTable[1].index2
EncTable[1].index3
EncTable[1].index4
EncTable[1].index5
EncTable[1].index6 =
EncTable[1].ScaleFactor = 1 / 512
EncTable[1].MaxDelta = ©

TYPICAL QUADRATURE ENCODER ENTRY

LI | S [N [ [ 1§
[

EncTable[2].Type = @ END OF ECT (FOR EFFICIENCY)

(23rz-00V) Le1es yum JVINd Jemod L-p-v
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A Appendices

I Motor Setup and Commissioning

GLOBAL Ck3alMaxAdc =
GLOBAL MtriCtsPerRev
GLOBAL MtriPolePairs
GLOBAL MtriMaxRmsCur

GLOBAL MtriRatedRmsCur

15.735
= 2000
=4
=9

=3

GLOBAL MtriTimeAtMaxCur = 2

Gatel[4].Chan[@].EncCtrl = 7
Motor[1].ServoCtrl = 1

Motor[1].PosUnit = 1

1

Motor[1].PosSf = 360 / MtriCtsPerRev
Motor[1].Pos2Sf = 360 / MtrlCtsPerRev
Motor[1].pLimits = Gatel[4].Chan[@].Status.a

Motor[1].AbortTa = 150

Motor[1].AbortTs = ©

Motor[1].JogTa = 300
Motor[1].JogTs = ©
Motor[1].JogSpeed =

3

Motor[1].FatalFeLimit

Motor[1].WarnFeLimit

Motor[1].InPosBand =
Motor[1].InPosTime =

Motor[1].pPhaseEnc =
Motor[1].PhaseCtrl =

=5
=0

0.01
20 / Sys.ServoPeriod

Gatel[4].Chan[@].PhaseCapt.a
4

Motor[1].PhaseEncLeftShift = ©
Motor[1].PhaseEncRightShift = @

Motor[1].PhasePosSf = 2048 * MtriPolePairs / (256 * MtrilCtsPerRev)

Motor[1].AmpFaultLevel = 1
Motor[1].AdcMask = $FFFF@000

Motor[1].PhaseOffset

=-683

Motor[1].PwmSf =-Gatel[4].PwmPeriod * 48 / 155

Motor[1].MaxDac = MtrlMaxRmsCur * 32768 * COSD(3@) * SQRT(2) / Ck3alMaxAdc
Motor[1].I2TSet = MtrlRatedRmsCur * 32768 * COSD(3@0) * SQRT(2) / Ck3alMaxAdc
Motor[1].I2tTrip =(POW(Motor[1].MaxDac,2)-POW(Motor[1].I2TSet,2))*MtriTimeAtMaxCur

Motor[1].CurrentNullPeriod = ©

Motor[1].IaBias = @
Motor[1].IbBias = @

Motor[1].IiGain = @
Motor[1].IpfGain = ©
Motor[1].IpbGain = ©

Motor[1].Servo.Kp =
Motor[1].Servo.Kvfb

0

0

Motor[1].Servo.Kvifb = @
Motor[1].Servo.Kvff = @
Motor[1].Servo.Kviff = @

Motor[1].Servo.Ki =
Motor[1].Servo.Kaff
Motor[1].Servo.Kfff

0

0
%}

Motor[1].Servo.SwZvInt = ©

Motor[1].PhaseFindingTime = 4000 / (2 * Sys.ServoPeriod * (Sys.RtIntPeriod + 1))

Motor[1].PhaseFindingDac = 0.5 * Motor[1].I2tSet
Motor[1].AbsPhasePosOffset = 2048 / 5

Motor[1].PowerOnMode

=0

CK3A MAX ADC

COUNTS PER REVOLUTION
NO. OF POLE PAIRS

MAX RMS CUR.(MTR>CK3A)
RATED RMS CUR.(MTR>CK3A)
TIME ALLOWED AT MAX CUR.

ENC. COUNTING DIRECTION
ACTIVATE CHANNEL

IDE WINDOW UNITS, DEGREES
SCALE POSITION TO DEGREES
SCALE VELOCITY TO DEGREES
ENABLE LIMITS, =0 TO DISABLE

ABORT DECELERATION, 150 MSEC
ABORT S-CURVE, NONE

JOG ACCELERATION, 300 MSEC
JOG S-CURVE, NONE
JOG SPEED, 4.5 DEG/MSEC

FE LIMIT, 5 DEGREES
WARNING FE LIMIT, NONE

INPOS BAND, ©.05 DEGREES
INPOS TIME, 20 MSEC

TYPICAL FOR QUADRATURE
TYPICAL FOR BRUSHLESS MOTOR
NONE FOR QUADRATURE

NONE FOR QUADRATURE

TYPICAL FOR QUADRATURE

=1 FOR CK3A

=$FFFFO000 FOR CK3A

TYPICAL FOR BRUSHLESS MOTOR
TYPICAL IF MTR VOLTAGE>INPUT

TYPICAL I2T FOR BRUSHLESS

=0 FOR CK3A
=0 DURING NORMAL OPERATION
=0 DURING NORMAL OPERATION

CURRENT LOOP GAINS
(MUST TUNE)

POSITION SERVO LOOP GAINS
(MUST TUNE)

STEPPER PHASING (4 SECONDS)
50% OF I2TSET

TYPICAL SETTING

NO ABS. PHASE ON POWER-UP

CK3A-series Direct PWM Amplifier Safety Manual (0050)



A Appendices

A-4-2 Turbo PMAC with Gate1 (ACC-24E2)

I Hardware Configuration

Item Notes

Controller This sample is applicable to Turbo PMAC UMAC with ACC-24E2
Amplifier CK3A-G305L (single-phase 110VAC main supply voltage)

Motor Rotary servo Motor, 48VDC, 3/9A, 2 pole pairs

Encoder Digital quadrature, 500-line (2,000 counts per revolution with x4 decode)

I System Gates

END GAT END GATHER 4'>;
DEL GAT DELETE GATHER BUFFER (0]
CLOSE CLOSE ANY OPEN BUFFER %
17200 = 2947 20 KHZ MAX PHASE FREQUENCY (5
I7201 = 1 10 KHZ PHASE & PWM FREQUENCY g_
17202 = 1 5 KHZ SERVO FREQUENCY 3%
I10 = 1677368 SERVO INTERRUPT TIME Ei

o
17206 = $901001 CH1-4 STROBE WORD (FOR CK3A) §
17203 = 2258 CH1-4 2.4576 MHZ ADC CLOCK (DEFAULT) wn
17204 = 2 / 0.135 CH1-4 2uSEC FOR G310 g

©
#tdefine MaxPhaseFreq P8000 ; Max Phase Clock [KHz] g?
#tdefine PWMClk P8001 ; PWM Clock [KHz] 3
#define PhaseClk P8002 ; Phase Clock [KHz] =3
#define ServoClk P8003 ; Servo Clock [KHz] 8

MaxPhaseFreq = 117964.8 / (2 * 17200 + 3)
PWMClk = 117964.8 / (4 * 17200 + 6)
PhaseClk = MaxPhaseFreq / (I7201 + 1)
ServoClk = PhaseClk / (17202 + 1)

I Encoder Conversion Table (ECT)

18000
18001

$78200 TYPICAL QUADRATURE ENCODER ENTRY
0 END OF ECT (FOR EFFICIENCY)

(Zarz-00V) 181D uyim JVINd 0gINL Z-p-v
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A Appendices

I Motor Setup and Commissioning

17210 = 3 ENC. COUNTING DIRECTION

I100 = 1 SERVOCTRL ENABLE

Ilel1 =1 PHASECTRL ENABLE

1124 = $800001 FLAG CONTROL

1184 = $FFFFO0 ADC MASK (FOR CK3A)

I172 = 683 PHASE OFFSET, TYPICAL FOR BRUSHLESS
1166 = 17200 * 48 / 155 PWM SCALE FACTOR, MOTOR<SUPPLY VOLTAGE
I170 = 2 NO. OF POLE PAIRS

I171 = 2000 COUNTS PER REVOLUTION

I119 = 0.5 BASIC MOTION SETTINGS

I120 = 100

I121 =0

1122 = 32

I123 = 16

I115 = 0.5

I111 = 55 * 16

I112 = 0

1128 =1 * 16

#define ContCurrent 3 I2T CALCULATION
#define PeakCurrent 9

#tdefine MaxADC 15.735

#tdefine I2TOnTime 2

I157 = INT(32767 * (ContCurrent * 1.414 / MaxADC) * COS(30))
1169 = INT(32767 * (PeakCurrent * 1.414 / MaxADC) * COS(30))
1158 = INT((I169*%I169-I157*I157)*ServoClk*1000*I2TOnTime/(32767*32767))

1182 = $78216 CURRENT LOOP ADDRESS
I129 =
I179 =
I161 =
I162 =
I176 =

TUNE CURRENT LOOP

o000

I130 =
I131 =
I132 =
I133 =
I134 =
I135 =
I136 =
I137 =
I138 =
I139 =
1168 =

TUNE POSITION LOOP

OO0 O0OOOODOOOO

1180 = 6 4-GUESS PHASING METHOD
I173 = 1000
I174 = 60
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A-5 CK3A Sample PLCs for Gate1

A Appendices

A-5-1

Power PMAC with Gate1

I CK3A Definitions 4-Motors

// GATE3[@], CH. 1 - 4 AMPLIFIER FUNCTIONS ====================== [/
GLOBAL Ck3aecClrf, Ck3a®FanCtrl, Ck3a@BusDisCtrl, Ck3aeDbCtrl
->U.10:$6000B0.16.4

PTR Gate3@DataCtrl

PTR Ck3a@BusDisState

PTR Ck3aoClrfBit
PTR Ck3a@FanState
PTR Ck3a@DbState

// CH. 1 - 4 ADC B REGISTERS [15:
->U.I0:$600018.

PTR Ck3alAdcBData
PTR Ck3a2AdcBData
PTR Ck3a3AdcBData
PTR Ck3a4AdcBData

->U.I0:$6000B0.13.1

->U.I0:$6000B0.24.1
->U.I0:$6000B0.25.1
->U.I0:$6000B0.28.1

->U.I0:$600098.

—=== z=== //
// Gate3[@].Chan[0©].AdcAmp[1]

// Gate3[@].Chan[2].AdcAmp[1]

e8]
8.8
->U.I10:$600058.8.8 // Gate3[@].Chan[1].AdcAmp[1]
8.8
8.8

->U.I0:$6000D8.

// Gate3[@].Chan[3].AdcAmp[1]

// CH. 1 - 4 AMPLIFIER DATA ============= ==== [/
GLOBAL Ck3alDcBus, Ck3alTemp, Ck3alFwVer, Ck3alCurRating

GLOBAL Ck3a2DcBus, Ck3a2Temp, Ck3a2FwVer, Ck3a2CurRating

GLOBAL Ck3a3DcBus, Ck3a3Temp, Ck3a3FwVer, Ck3a3CurRating

GLOBAL Ck3a4DcBus, Ck3a4Temp, Ck3a4FwVer, Ck3a4CurRating

// CH. 1, Gate3[@].Chan[@].AdcAmp[@], STATUS SET 1 ============== //
PTR Ck3alPwrFlt ->U.10:$600014.8.1

PTR Ck3alSoftStartFlt ->U.I0:$600014.9.1

PTR Ck3alStoStatus ->U.10:$600014.10.1

PTR Ck3alShuntShortFlt ->U.I0:$600014.11.1

PTR Ck3alOverVoltFlt ->U.10:$600014.12.1

PTR Ck3alI2tFlt ->U.10:$600014.13.1

PTR Ck3alShortFlt ->U.10:$600014.14.1

PTR Ck3alOverLoadFlt ->U.10:$600014.15.1

// CH. 2, Gate3[0].Chan[1].AdcAmp[@], STATUS SET 1 ============== //
PTR Ck3a2PwrFlt ->U.10:$600054.8.1

PTR Ck3a2SoftStartFlt ->U.I0:$600054.9.1

PTR Ck3a2StoStatus ->U.10:$600054.10.1

PTR Ck3a2ShuntShortFlt ->U.I0:$600054.11.1

PTR Ck3a20verVoltFlt ->U.10:$600054.12.1

PTR Ck3a2I2tFlt ->U.I10:$600054.13.1

PTR Ck3a2ShortFlt ->U.10:$600054.14.1

PTR Ck3a20verLoadFlt ->U.10:$600054.15.1

// CH. 3, Gate3[@].Chan[2].AdcAmp[@], STATUS SET 1 ============== //
PTR Ck3a3PwrFlt ->U.10:$600094.8.1

PTR Ck3a3SoftStartFlt ->U.I0:$600094.9.1

PTR Ck3a3StoStatus ->U.10:$600094.10.1

PTR Ck3a3ShuntShortFlt ->U.I0:$600094.11.1

PTR Ck3a30verVoltFlt ->U.10:$600094.12.1

PTR Ck3a3I2tFlt ->U.10:$600094.13.1

PTR Ck3a3ShortFlt ->U.10:$600094.14.1

PTR Ck3a30verLoadFlt ->U.10:$600094.15.1

// CH. 4, Gate3[0].Chan[3].AdcAmp[@], STATUS SET 1 ============== //
PTR Ck3a4PwrFlt ->U.10:$6000D4.8.1

PTR Ck3a4SoftStartFlt ->U.I0:$6000D4.9.1

PTR Ck3a4StoStatus ->U.I0:$6000D4.10.1

PTR Ck3a4ShuntShortFlt ->U.I0:$6000D4.11.1

PTR Ck3a40verVoltFlt ->U.I0:$6000D4.12.1

PTR Ck3a4I2tFlt ->U.I0:$6000D4.13.1

PTR Ck3a4ShortFlt ->U.10:$6000D4.14.1

PTR Ck3a40verLoadFlt ->U.I0:$6000D4.15.1

// CH. 1, SYS.UDATA[256000] STATUS SET 2 ==== //
PTR Ck3alPwrStatus ->U.USER:$FAG00.0.1

PTR Ck3alOverTempFlt ->U.USER:$FAG00.2.1

PTR Ck3alShuntOverLFlt ->U.USER:$FA000.3.1

PTR Ck3alPwmFreqFlt ->U.USER:$FAG00.4.1

PTR Ck3alPwmCmdF1lt ->U.USER:$FAG00.5.1

PTR Ck3alAmpEna ->U.USER:$FAG00.6.1
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$6000B0O is Gatel[i].AdcStrobe,
the address is found as
follows:

Gatel[i].AdcStrobe.a - Sys.piom

$600xx8 is ADC B
Gatel[i].Chan[j].Adc[1], the
addresses are found as follows:
Gatel[i].Chan[j].Adc[1].a -
Sys.piom

$600014 is ADC A
Gatel[i].Chan[j].Adc[@], the
addresses are found as follows:
Gatel[i].Chan[j].Adc[@].a -
Sys.piom

$600054 is ADC A
Gatel[i].Chan[j].Adc[0], the
addresses are found as follows:
Gatel[i].Chan[j].Adc[@].a -
Sys.piom

$600094 is ADC A
Gatel[i].Chan[j].Adc[@], the
addresses are found as follows:
Gatel[i].Chan[j].Adc[@].a -
Sys.piom

$6000D4 is ADC A
Gatel[i].Chan[j].Adc[@], the
addresses are found as follows:
Gatel[i].Chan[j].Adc[@].a -
Sys.piom

$FAGOO is Sys.Udata[256000],
the address can be found as
follows:

Sys.Udata[i].a - Sys.pushm

I8jeD Joj sOTd dldwes YEMD G-V
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// CH. 2, SYS.UDATA[256001] STATUS SET 2 ==== //

PTR Ck3a2PwrStatus ->U.USER:$FAG04.0.1 $FAQGO4 is Sys.Udata[256001],

PTR Ck3a20verTempFlt ->U.USER:$FA004.2.1 the address can be found as follows:
PTR Ck3a2ShuntOverLFlt ->U.USER:$FA004.3.1 Sys.Udata[i].a - Sys.pushm

PTR Ck3a2PwmFreqFlt ->U.USER:$FAG04.4.1

PTR Ck3a2PwmCmdF1t ->U.USER:$FAG04.5.1

PTR Ck3a2AmpEna ->U.USER:$FA004.6.1

// CH. 3, SYS.UDATA[256002] STATUS SET 2 //

PTR Ck3a3PwrStatus ->U.USER:$FA008.0.1 $FAGO8 is Sys.Udata[256002],

PTR Ck3a30verTempFlt ->U.USER:$FA008.2.1 the address can be found as follows:
PTR Ck3a3ShuntOverLFlt ->U.USER:$FA@08.3.1 Sys.Udata[i].a - Sys.pushm

PTR Ck3a3PwmFreqFlt ->U.USER:$FA008.4.1

PTR Ck3a3PwmCmdF1lt ->U.USER:$FA008.5.1

PTR Ck3a3AmpEna ->U.USER:$FAG08.6.1

// CH. 4, SYS.UDATA[256003] STATUS SET 2 ==== //

PTR Ck3a4PwrStatus ->U.USER:$FA@OC.0.1 $FAGOC is Sys.Udata[256003],

PTR Ck3a40verTempFlt ->U.USER:$FA@OC.2.1 the address can be found as follows:
PTR Ck3a4ShuntOverLFlt ->U.USER:$FA@OC.3.1 Sys.Udata[i].a - Sys.pushm

PTR Ck3a4PwmFreqFlt ->U.USER:$FAQOC.4.1

PTR Ck3a4PwmCmdF1lt ->U.USER:$FA@OC.5.1

PTR Ck3a4AmpEna ->U.USER:$FA@OC.6.1

// CH. 1, SYS.UDATA[256040] STATUS SET 3 ==== // $FAGAO is Sys.Udata[256040],

PTR Ck3alI2tint ->U.USER:$FAQAQ.2.1 the address can be found as follows:
PTR Ck3alAdcOffsetFlt ->U.USER:$FA@AQ.4.1 Sys.Udata[i].a - Sys.pushm

PTR Ck3alReady ->U.USER:$FAQGAQ.6.1

// CH. 2, SYS.UDATA[256041] STATUS SET 3 ==== // $FAOA4 is Sys.Udata[256041],

PTR Ck3a2I2tint ->U.USER:$FAGA4.2.1 the address can be found as follows:
PTR Ck3a2AdcOffsetFlt ->U.USER:$FAGA4.4.1 Sys.Udata[i].a - Sys.pushm

PTR Ck3a2Ready ->U.USER:$FAQGA4.6.1

// CH. 3, SYS.UDATA[256042] STATUS SET 3 // $FAQGA8 is Sys.Udata[256042],

PTR Ck3a3I2tint ->U.USER:$FAGA8.2.1 the address can be found as follows:
PTR Ck3a3AdcOffsetFlt ->U.USER:$FAOA8.4.1 Sys.Udata[i].a - Sys.pushm

PTR Ck3a3Ready ->U.USER:$FAQGA8.6.1

// CH. 4, SYS.UDATA[256043] STATUS SET 3 ==== // $FAGAC is Sys.Udata[256043],

PTR Ck3a4I2tint ->U.USER:$FAQAC.2.1 the address can be found as follows:
PTR Ck3a4AdcOffsetFlt ->U.USER:$FAOAC.4.1 Sys.Udata[i].a - Sys.pushm

PTR Ck3a4Ready ->U.USER:$FAQGAC.6.1
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I CK3A Sample PLC 4-Motors

OPEN PLC Ck3aPLC

// CH. 1-4 STATUS BITS SET 2
Gate3@DataCtrl = 0

CALL DelayTimer.msec(1)
Sys.Udata[256000] = Ck3alAdcBData
Sys.Udata[256001] = Ck3a2AdcBData
Sys.Udata[256002] = Ck3a3AdcBData
Sys.Udata[256003] = Ck3a4AdcBData
CALL DelayTimer.msec(1)

// CH. 1-4 STATUS BITS SET 3
Gate3@DataCtrl = 1

CALL DelayTimer.msec(1)
Sys.Udata[256040] = Ck3alAdcBData
Sys.Udata[256041] = Ck3a2AdcBData
Sys.Udata[256042] = Ck3a3AdcBData
Sys.Udata[256043] = Ck3a4AdcBData
CALL DelayTimer.msec(1)

// CH. 1-4 DC BUS VOLTAGE
Gate3@DataCtrl = 2

CALL DelayTimer.msec(1)

IF(Ck3alReady == @) Ck3alDcBus = Ck3alAdcBData * 4 E’
IF(Ck3a2Ready == @) Ck3a2DcBus = Ck3a2AdcBData * 4 ;g
IF(Ck3a3Ready == @) Ck3a3DcBus = Ck3a3AdcBData * 4 =
IF(Ck3ad4Ready == @) Ck3a4DcBus = Ck3ad4AdcBData * 4 gg
CALL DelayTimer.msec(1) o
// CH. 1-4 TEMPERATURE D
Gate3@DataCtrl = 3 §§
CALL DelayTimer.msec(1) o
IF(Ck3alReady == @) Ck3alTemp = Ck3alAdcBData ;E
IF(Ck3a2Ready == @) Ck3a2Temp = Ck3a2AdcBData @)
IF(Ck3a3Ready == @) Ck3a3Temp = Ck3a3AdcBData El
IF(Ck3a4Ready == 0) Ck3a4Temp = Ck3ad4AdcBData ]
CALL DelayTimer.msec(1) @
// CH. 1-4 FIRMWARE VERSION %
Gate3@DataCtrl = 6 =
CALL DelayTimer.msec(1)

IF(Ck3alReady == @) Ck3alFwVer = Ck3alAdcBData

IF(Ck3a2Ready == @) Ck3a2FwVer = Ck3a2AdcBData

IF(Ck3a3Ready == @) Ck3a3FwVer = Ck3a3AdcBData

IF(Ck3a4Ready == @) Ck3a4FwVer = Ck3ad4AdcBData

CALL DelayTimer.msec(1)

// CH. 1-4 CURRENT RATING

Gate3@DataCtrl = 7

CALL DelayTimer.msec(1)

IF(Ck3alReady == @) Ck3alCurRating = Ck3alAdcBData

IF(Ck3a2Ready == @) Ck3a2CurRating = Ck3a2AdcBData

IF(Ck3a3Ready == @) Ck3a3CurRating = Ck3a3AdcBData

IF(Ck3a4Ready == @) Ck3adCurRating = Ck3ad4AdcBData
CALL DelayTimer.msec(1)

// GATE3[@] CH. 1-4 BUS DISCHARGE CONTROL
IF(Ck3a@BusDisCtrl == 1 && Ck3a@BusDisState
IF(Ck3a@BusDisCtrl == @ && Ck3a@BusDisState
// GATE3[@] CH. 1-4 FAN CTRL
IF(Ck3a@FanCtrl == 1 && Ck3a@FanState == @) Ck3a@FanState = 1
IF(Ck3a@FanCtrl == @ &% Ck3a@FanState == 1) Ck3a@FanState = ©
// GATE3[@] CH1-4 DYNAMIC BRAKE CONTROL

@) Ck3a@BusDisState
1) Ck3a@BusDisState

1819 YIm OVINd 19Mod -GV

IF(Ck3aeDbCtrl 1 & Ck3a@DbState == 1) Ck3aeDbState
IF(Ck3aeDbCtrl 0@ 8&& Ck3a@DbState == @) Ck3aeDbState
// GATE3[@] CH. 1-4 CLEAR FAULT(S)

IF(Ck3aeClrf == 1)

{

0
1

Ck3aoClrfBit = 1

CALL DelayTimer.msec(10)
Ck3aoClrfBit = ©
Ck3aeClrf = 0

// CH. 1-4 LOGIC POWER OFF?
IF(Ck3alReady == 1) Ck3alDcBus,4 =
IF(Ck3a2Ready == 1) Ck3a2DcBus,4

non
[

IF(Ck3a3Ready == 1) Ck3a3DcBus,4
IF(Ck3adReady == 1) Ck3a4DcBus,4
CLOSE
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A-5-2 Turbo PMAC with Gate1

I CK3A Definitions 4-Motors

// CH. 1-4 AMPLIFIER FUNCTIONS

#define Ck3aeClrf

#define Ck3a@BusDisCtrl

#define Ck3a@FanCtrl
#define Ck3aeDbCtrl

#tdefine Ck3a@BusDisState

#define Ck3a@FanState
#define Ck3a@DbState

// CH. 1-4 ADC B DATA REGISTERS

#tdefine Ck3alAdcBData
#tdefine Ck3a2AdcBData
#tdefine Ck3a3AdcBData
#define Ck3a4AdcBData

Ck3alAdcBData->Y:$078206,
Ck3a2AdcBData->Y:$07820E,
Ck3a3AdcBData->Y:$078216,

Ck3a4AdcBData->Y:$07821E,

// CH. 1-4 DATA

#define Ck3alDcBus
#define Ck3alTemp
#define Ck3alFwVer

#define Ck3alCurRating

#define Ck3a2DcBus
#define Ck3a2Temp
#define Ck3a2FwVer

#define Ck3a2CurRating

#tdefine Ck3a3DcBus
#tdefine Ck3a3Temp
#define Ck3a3FwVer

#define Ck3a3CurRating

#tdefine Ck3a4DcBus
#tdefine Ck3a4Temp
#tdefine Ck3a4FwVer

#tdefine Ck3a4CurRating

// Ch. 1-4 STATUS BITS SET 1, ADC A (ANY STROBE)

#define Ck3alPwrFlt

#tdefine Ck3alSoftStartFlt
#tdefine Ck3alStoStatus
#tdefine Ck3ailShuntShortFlt
#define Ck3alOverVoltFlt

#define Ck3alI2tFlt
#tdefine Ck3alShortFlt

#tdefine Ck3alOverLoadFlt

OO0

Ck3alPwrFlt->Y:$78205,0,1

Ck3alSoftStartFlt->Y:$78205,1,1

Ck3alStoStatus->Y:$78205,2,1

Ck3alShuntShortFlt->Y:$78205,3,1
Ck3alOverVoltFlt->Y:$78205,4,1

Ck3alI2tFlt->Y:$78205,5,1
Ck3alShortFlt->Y:$78205,6,1

Ck3alOverLoadFlt->Y:$78205,7,1

#define Ck3a2PwrFlt

#define Ck3a2SoftStartFlt
#define Ck3a2StoStatus
#define Ck3a2ShuntShortFlt
#tdefine Ck3a20verVoltFlt

#define Ck3a2I2tFlt
#tdefine Ck3a2ShortFlt

#define

Ck3a20verLoadFlt

Ck3a2PwrFlt->Y:$7820D,0,1

Ck3a2SoftStartFlt->Y:$7820D,1,1

Ck3a2StoStatus->Y:$7820D,2,1

Ck3a2ShuntShortFlt->Y:$7826eD,3,1
Ck3a20verVoltFlt->Y:$7820D,4,1

Ck3a2I2tF1lt->Y:$7820D,5,1
Ck3a2ShortFlt->Y:$7820D,6,1

Ck3a20verLoadFlt->Y:$7820D,7,1

P1000
Plool
P1002
Plee3

Ploo4
P1005
P1006

M1000
M1e01
M1002
M1lee3

Plo1le
Plo1l
P1lo12
P1013

Plo14
P1015
P1o16
Plo17

P1018
P1019
P1020
P1lo21

P1022
P1023
Plo24
P1025

M1004
M1005
M1006
M1007
M1lee8
M1009
Mie10
M1011

M1012
M1013
M1014
M1015
M1016
M1017
M1018
M1019
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#tdefine Ck3a3PwrFlt M1020
#define Ck3a3SoftStartFlt M1021
#define Ck3a3StoStatus M1022
#define Ck3a3ShuntShortFlt M1023
#define Ck3a30verVoltFlt M1024
#define Ck3a3I2tFlt M1025
#tdefine Ck3a3ShortFlt M1026
#define Ck3a30OverLoadFlt M1027

Ck3a3PwrFlt->Y:$78215,0,1
Ck3a3SoftStartFlt->Y:$78215,1,1
Ck3a3sStoStatus->Y:$78215,2,1
Ck3a3ShuntShortFlt->Y:$78215,3,1
Ck3a30verVoltFlt->Y:$78215,4,1
Ck3a3I2tFlt->Y:$78215,5,1
Ck3a3ShortFlt->Y:$78215,6,1
Ck3a30verLoadFlt->Y:$78215,7,1

#tdefine Ck3a4PwrFlt M1028
#tdefine Ck3a4SoftStartFlt M1029
#tdefine Ck3a4StoStatus M1030
#define Ck3a4ShuntShortFlt M1031
#define Ck3a40verVoltFlt M1032
#define Ck3a4I2tFlt M1033
#tdefine Ck3a4ShortFlt M1e34
#tdefine Ck3a4OverLoadFlt M1035

Ck3a4PwrFlt->Y:$7821D,0,1
Ck3a4SoftStartFlt->Y:$7821D,1,1
Ck3a4stoStatus->Y:$7821D,2,1
Ck3a4ShuntShortFlt->Y:$7821D,3,1
Ck3a40verVoltFlt->Y:$7821D,4,1
Ck3a4I2tFlt->Y:$7821D,5,1
Ck3a4ShortFlt->Y:$7821D,6,1
Ck3a40verLoadFlt->Y:$7821D,7,1

// Ch. 1-4 STATUS BITS SET 2, ADC B (STROBE [11:8] = @)

I8jeD Joj sOTd dldwes YEMD G-V

#define Ck3alPwrStatus M1036
#define Ck3alOverTempFlt M1037
#define Ck3ailShuntOverLFlt M1038
#tdefine Ck3alPwmFreqFlt M1039
#tdefine Ck3alPwmCmdF1lt M1040
#define Ck3alAmpEna M1041

Ck3alPwrStatus->X:$10F0,0,1
Ck3alOverTempFlt->X:$10F0,2,1
Ck3alShuntOverLF1lt->X:$10F0,3,1
Ck3alPwmFreqFlt->X:$10F0,4,1
Ck3alPwmCmdF1lt->X:$10F0,5,1
Ck3alAmpEna->X:$10F0,6,1

>
#define Ck3a2PwrStatus M1e42 )]
#define Ck3a20verTempFlt M1043 N
#define Ck3a2ShuntOverLFlt M1044 E‘
#tdefine Ck3a2PwmFreqFlt M1045 o
#tdefine Ck3a2PwmCmdF1lt M1046 ©
#define Ck3a2AmpEna M1047 2
Ck3a2PwrStatus->X:$10F1,0,1 >
Ck3a20verTempFlt->X:$10F1,2,1 o
Ck3a2ShuntOverLF1lt->X:$10F1,3,1 §:
Ck3a2PwmFreqFlt->X:$10F1,4,1 =l
Ck3a2PwmCmdF1t->X:$10F1,5,1 g’
Ck3a2AmpEna->X:$10F1,6,1 @
2
#define Ck3a3PwrStatus M1048
#define Ck3a30verTempFlt M1049
#tdefine Ck3a3ShuntOverLFlt M1050
#tdefine Ck3a3PwmFreqFlt M1051
#tdefine Ck3a3PwmCmdF1lt M1052
#define Ck3a3AmpEna M1053

Ck3a3PwrStatus->X:$10F2,0,1
Ck3a30verTempFlt->X:$10F2,2,1
Ck3a3ShuntOverLF1lt->X:$10F2,3,1
Ck3a3PwmFreqFlt->X:$10F2,4,1
Ck3a3PwmCmdF1t->X:$10F2,5,1
Ck3a3AmpEna->X:$10F2,6,1

CK3A-series Direct PWM Amplifier User’s Manual (0050) A - 67



A Appendices

#tdefine Ck3a4PwrStatus
#define Ck3a4OverTempFlt
#define Ck3a4ShuntOverLFlt
#define Ck3a4PwmFreqFlt
#tdefine Ck3a4PwmCmdFlt
#define Ck3a4AmpEna
Ck3a4PwrStatus->X:$10F3,0,1
Ck3ad40verTempFlt->X:$10F3,2,1
Ck3a4ShuntOverLF1t->X:$10F3,3,1
Ck3a4PwmFreqFlt->X:$10F3,4,1
Ck3a4PwmCmdF1t->X:$10F3,5,1
Ck3a4AmpEna->X:$10F3,6,1

// Ch. 1-4 STATUS BITS SET 3, ADC B (STROBE [11:8] = 1)

#define Ck3alI2tint

#tdefine Ck3alAdcOffsetFlt
#define Ck3alReady
Ck3alI2tint->Y:$10F0,2,1
Ck3alAdcOffsetFlt->Y:$10F0,4,1
Ck3alReady->Y:$10F0,6,1

#define Ck3a2I2tint

#tdefine Ck3a2AdcOffsetFlt
#define Ck3a2Ready
Ck3a2I2tint->Y:$10F1,2,1
Ck3a2AdcOffsetFlt->Y:$10F1,4,1
Ck3a2Ready->Y:$10F1,6,1

#define Ck3a3I2tint

#tdefine Ck3a3AdcOffsetFlt
#tdefine Ck3a3Ready
Ck3a3I2tint->Y:$10F2,2,1
Ck3a3AdcOffsetFlt->Y:$10F2,4,1
Ck3a3Ready->Y:$10F2,6,1

#define Ck3a4I2tint

#tdefine Ck3ad4AdcOffsetFlt
#tdefine Ck3a4Ready
Ck3a4I2tint->Y:$10F3,2,1
Ck3ad4AdcOffsetFlt->Y:$10F3,4,1
Ck3ad4Ready->Y:$10F3,6,1

// CH. 1-4 ADC B MIRROR WORDS
#tdefine ChiMirror2

#tdefine ChiMirror3
ChiMirror2->X:$10F0,0,8
ChiMirror3->Y:$10F0,0,8

#define Ch2Mirror2
#tdefine Ch2Mirror3
Ch2Mirror2->X:$10F1,0,8
Ch2Mirror3->Y:$10F1,0,8

#tdefine Ch3Mirror2
#define Ch3Mirror3
Ch3Mirror2->X:$10F2,0,8
Ch3Mirror3->Y:$10F2,0,8

#tdefine Ch4Mirror2
#tdefine Ch4Mirror3
Ch4Mirror2->X:$10F3,0,8
Ch4Mirror3->Y:$10F3,0,8

M1054
M1e55
M1056
M1e57
M1058
M1059

M1060
M1e61
M1062

M1le63
M1064
M1065

M1066
M1e67
M1068

M1069
M1070
M1071

M1072
M1073

M1074
M1075

M1076
M1077

M1078
M1079
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A Appendices

I CK3A Sample PLC 4-Motors

// MOTORS 1-4 CK3A PLC

OPEN PLC 1 CLEAR

I5111 = 1 * 8388608 / I10 WHILE (I5111 > ©) ENDW
// STATUS BITS SET 2

17206 = (17206 & $FFFOFF) | $0

I5111 = 1 * 8388608 / I10 WHILE (I5111 > @) ENDW
ChiMirror2 = Ck3alAdcBData

Ch2Mirror2 = Ck3a2AdcBData

Ch3Mirror2 = Ck3a3AdcBData

Ch4Mirror2 = Ck3a4AdcBData

I5111 = 1 * 8388608 / I10 WHILE (I5111 > @) ENDW

// STATUS BITS SET 3

17206 = (17206 & $FFFOFF) | $1e00

I5111 = 1 * 8388608 / I10 WHILE (I5111 > @) ENDW
ChiMirror3 = Ck3alAdcBData

Ch2Mirror3 = Ck3a2AdcBData

Ch3Mirror3 = Ck3a3AdcBData

Ch4aMirror3 = Ck3a4AdcBData

I5111 = 1 * 8388608 / I10 WHILE (I5111 > @) ENDW

// DC BUS VOLTAGE

17206 = (17206 & $FFFOFF) | $200

I5111 = 1 * 8388608 / I10 WHILE (I5111 > @) ENDW
IF(Ck3alReady = @) Ck3alDcBus = Ck3alAdcBData * 4 ENDIF
IF(Ck3a2Ready = @) Ck3a2DcBus = Ck3a2AdcBData * 4 ENDIF
IF(Ck3a3Ready = ©) Ck3a3DcBus = Ck3a3AdcBData * 4 ENDIF
IF(Ck3adReady = 0) Ck3ad4DcBus = Ck3a4AdcBData * 4 ENDIF
I5111 = 1 * 8388608 / I10 WHILE (I5111 > @) ENDW

// TEMPERATURE

17206 = (17206 & $FFFOFF) | $3ee

I5111 = 1 * 8388608 / I10 WHILE (I5111 > @) ENDW
IF(Ck3alReady = ©) Ck3alTemp = Ck3alAdcBData ENDIF
IF(Ck3a2Ready = @) Ck3a2Temp = Ck3a2AdcBData ENDIF
IF(Ck3a3Ready = @) Ck3a3Temp = Ck3a3AdcBData ENDIF
IF(Ck3ad4Ready = @) Ck3a4Temp = Ck3adAdcBData ENDIF
I5111 = 1 * 8388608 / I10 WHILE (I5111 > @) ENDW
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// FIRMWARE VERSION

17206 = (17206 & $FFFOFF) | $600

I5111 = 1 * 8388608 / I10 WHILE (I5111 > @) ENDW
IF(Ck3alReady = @) Ck3alFwVer = Ck3alAdcBData ENDIF
IF(Ck3a2Ready = @) Ck3a2FwVer = Ck3a2AdcBData ENDIF
IF(Ck3a3Ready = @) Ck3a3FwVer = Ck3a3AdcBData ENDIF
IF(Ck3ad4Ready = ©) Ck3ad4FwVer = Ck3a4AdcBData ENDIF
I5111 = 1 * 8388608 / I10 WHILE (I5111 > @) ENDW

// CURRENT RATING

17206 = (17206 & $FFFOFF) | $700

I5111 = 1 * 8388608 / I10 WHILE (I5111 > @) ENDW
IF(Ck3alReady = @) Ck3alCurRating = Ck3alAdcBData ENDIF
IF(Ck3a2Ready = @) Ck3a2CurRating = Ck3a2AdcBData ENDIF
IF(Ck3a3Ready = 0) Ck3a3CurRating = Ck3a3AdcBData ENDIF
IF(Ck3a4Ready = @) Ck3a4CurRating = Ck3ad4AdcBData ENDIF
I5111 = 1 * 8388608 / I10 WHILE (I5111 > @) ENDW

1919 YIm OVINd 0qinl 2-6-V

// BUS DISCHARGE CONTROL

Ck3a@BusDisState = (I7206 & $20) / 32

I5111 = 1 * 8388608 / I10 WHILE (I5111 > @) ENDW

IF(Ck3a@BusDisCtrl = 1 AND Ck3a@BusDisState = 0)
17206 = (17206 & $FFFFDF) | $20

ENDIF

IF(Ck3a@BusDisCtrl = @ AND Ck3a@BusDisState = 1)
17206 = (17206 & $FFFFDF) | $0

ENDIF

I5111 = 1 * 8388608 / I10 WHILE (I5111 > @) ENDW

// FAN CONTROL
Ck3a@FanState = (I7206 & $20000) / 131072
I5111 = 1 * 8388608 / I10 WHILE (I5111 > @) ENDW
IF(Ck3a@FanCtrl = 1 AND Ck3a@FanState = 0)
17206 = (17206 & $FDFFFF) | $20000
ENDIF
IF(Ck3a@FanCtrl = © AND Ck3a@FanState = 1)
17206 = (17206 & $FDFFFF) | $0
ENDIF
I5111 = 1 * 8388608 / I10 WHILE (I5111 > @) ENDW
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// DYNAMIC BRAKE CONTROL

Ck3aeDbState = (17206 & $100000) / 1048576

15111 = 1 * 8388608 / I10 WHILE (I5111 > @) ENDW

IF(Ck3a@DbCtrl = 1 AND Ck3a@DbState
17206 = (17206 & $EFFFFF) | $e

ENDIF

IF(Ck3a@DbCtrl = @ AND Ck3a@DbState = 0)
17206 = (17206 & $EFFFFF) | $100000

ENDIF

I5111 = 1 * 8388608 / I10 WHILE (I5111 > ©) ENDW

// CLEAR FAULT
IF(Ck3a0Clrf = 1)

17206 = (17206 & $FEFFFF) | $10000

15111 = 10 * 8388608 / I10 WHILE (I5111 > @) ENDW
17206 = (17206 & $FEFFFF) | $0

15111 = 1 * 8388608 / I10 WHILE (I5111 > @) ENDW

Ck3aeClrf = @
ENDIF

// NOT READY (POWER
IF(Ck3alReady = 1)
Ck3alDcBus = ©
Ck3alTemp = ©
Ck3alFwVer = 0@
Ck3alCurRating
ENDIF

IF(Ck3a2Ready = 1)
Ck3a2DcBus = ©
Ck3a2Temp = @
Ck3a2FwVer = 0@
Ck3a2CurRating

ENDIF

IF(Ck3a3Ready = 1)
Ck3a3DcBus = ©
Ck3a3Temp = 0
Ck3a3FwVer = 0@
Ck3a3CurRating

ENDIF

IF(Ck3a4Ready = 1)
Ck3a4DcBus = ©
Ck3a4Temp = 0
Ck3a4FwVer = 0
Ck3a4CurRating

ENDIF

CLOSE

OFF)?
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A-6 STO Safety Precautions

A-6-1 Risk Analysis

I Introduction

During normal operation, the amplifier will not generate any output unless it is connected and
commanded by a controller. Therefore, in the event that the motor must be stopped, the amplifier
must cease outputting any current to the motor. Further, it may be desired for the amplifier to remain
in this disabled mode (outputting no current). This result can be achieved in two methods:

1. A controller instructs the amplifier to stop outputting any current to the motor
2. A safety device directly commands the ampilifier to bring its output current to zero

This second method is accomplished by making use of the Safe Torque Off (STO) function.

I Risk Assessment

The CK3A Direct PWM Amplifier is equipped with the Safe Torque Off (STO) function which satisfies
the UL SIL 3 requirement and is capable of functioning as a safety feature as described in this
document. It is important to remember that STO is only one part of a safety system in which various
mechanisms and methods are used to prevent damage, injury, or death. STO itself should not be
used as the only safety feature of the system. Designing and implementing a comprehensive safety
system is expected from the end user who designs a specific system or machine where the amplifier
is used. A thorough risk assessment needs to be performed when designing a system in which the
amplifier is used to identify all potential hazards, the severity of each hazard, and the probability of
occurrence of each hazard. The risk assessment must also address how often a person is exposed to
each hazard and how individuals may effectively avoid them. The risk assessment must be performed
by a qualified individual or team prior to implementing a system using the amplifier.

suoineosald A)Jojes O1S 9-V
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I Potential Risks in CK3A

® General

Any deviation from methods described in this user manual or disregarding any warnings included
herein may cause damage, serious injuries, or death.

® Electric Shock

The amplifier's main input can be up to 240VAC, in either 1-phase or 3-phase. This voltage level is
dangerous and can cause serious injury or death. The output of the amplifier is an AC voltage as well
and can be dangerous if it is touched. All warnings in this manual need to be taken into account when

handling and using the amplifier. The cover of the amplifier should never be removed, as otherwise
there is the significant potential for an electric shock.

® Risks during Operation or Maintenance
The primary safety issue is that the amplifier may generate output current in situations where it is not
expected or desired. Based on the applications where the amplifier is used, this phenomena may

cause property damage and/or injury or death. During maintenance, both main power and logic power
must be turned off and remain off.

The rest of this appendix details use cases for the STO function.

® Specific Risks which may be mitigated through use of the STO

In the event of an emergency:

*  The controller fails to send a stop command to the amplifier altogether

The controller fails to send a stop command in time to prevent damage and/or injury

When amplifier output needs to remain shut down (e.g. when handling or doing maintenance on the system):
The controller generates an incorrect command to enable the amplifier and output current

Precautions for Safe Use

Users must de-energize or remove the main AC input to the amplifier when performing
system maintenance.

Intended Amplifier Controller Command STO Command Result
Output

OFF X SAFE

OFF X OFF SAFE

OFF: Signal in such a state as to prevent output current

ON: Signal in such a state as to allow output current

X: Either ON or OFF
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I Hazards and Mitigation

The STO function is one of the tools at a system designer’s disposal to make sure the output of the
amplifier turns off and remains off. It accomplishes this by removing the gate voltage of the IGBT
inside of the amplifier, which in turn prevents it from generating any output.

Some of the cases where STO may not work as expected include:
* Incorrect wiring

» Malfunctioning external safety device(s)
» Component failure within the STO Circuit

I Incorrect Wiring

In order to reduce the likelihood of human error, we have provided:

* A detailed wiring diagram in this User Manual
» Proper labeling on the safety connector
» Warnings throughout this manual indicating that failure to comply with recommended wiring

diagrams can lead to dangerous outcomes

Additionally, installation and system design must both be performed by appropriately qualified
individuals.

suoineosald A)Jojes O1S 9-V

I Malfunctioning External Safety Device(s)

An external safety device is responsible for commanding STO. Any problem with this safety device
can jeopardize STO functionality and reliability. In order to minimize this risk, a safety device with
minimum rating of SIL 3 is required in order to assure proper safety functioning of the amplifier. Users
are further recommended to test their safety devices at an appropriate frequency and method to
ensure their proper functionality.

sishjeuy dsiy 1-9-VY

I Component Failure within the STO Circuit

As with any electronics, the STO function is subject to anomalies due to component failure. This
subject is studied, analyzed, and documented as part of its compliance with the SIL 3 requirement.
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A-6-2 STO Specifications

This section describes the general specifications of the STO function.

I General

STO reaction time: See Section T5—! 2RIENEOIWVEE A, ‘TT7—! SBIEMAROMVEHA, T
— BRIMNEOMEHA, " for information.
STO reaction time: The time until the amplifier output is de-energized upon activating STO.

STO function PFH(1/h)

STO function via safety input signals 1.08 x 108
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A-6-3 Theory of Operation of STO

The Safe Torque Off (STO) function prevents the motor from generating force or torque. In other words,
if the motor is stopped, this safety function prevents it from moving, or if the motor is in motion when the
STO function is enabled, it will continue to an uncontrolled stop in accordance with the stop category of
IEC 60204-1.

The STO circuit is used with the amplifier as shown in the following block diagram. To prevent the motor
from generating power, the STO circuit removes the power supply (Gate_Voltage in the first block
diagram and GATE VOLTAGE in the second) to the IGBT circuitry in the amplifier. In the absence of this
power supply, the IGBTs will function as open switches, and so no commanded current can flow into the
motor.

STO IN1

Gate_Voltage

Safety
Controller |STO IN2
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