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Related Manuals

Related Manuals

To safely utilize the system, obtain a manual or user's guide for each device and piece of equipment,

”

confirm their content, including “Safety Precautions”, “Precautions for Safe Use”, and other precau-
tions related to safety, and then proceed with use.

The manuals for OMRON Corporation (hereafter, “OMRON”) and Delta Tau Data Systems Inc. (here-
after “DT”) are as shown below.

Manufac-

turer Cat. No. Model Manual Name
OMRON | 0036 CK3M-O Programmable Multi-Axis Controller Hardware User's Man-
CK3W-O ual
DT 0014 - Power PMAC User's Manual
DT 0015 -—- Power PMAC Software Reference Manual
DT 0016 - Power PMAC IDE User's Manual
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Revision History

Revision History

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

[ Cat. No.

0047-E1-01 |

*— Revision code

Revision
code

Revision date

Revised content

01

July 2019

Original production
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Terms and Definitions

Terms and Definitions

Terms Descriptions and Definitions
PMAC This is the acronym for Programmable Multi-Axis Controller.
Power PMAC IDE This is computer software that is used to configure the Motion Controller, create

user programs, and perform monitoring.

DirectPWM This is a proprietary interface method developed by Delta Tau Data Systems, Inc.
for connecting Servo Drives.

Digital Quadrature Encod- | This is a type of encoder that outputs pulse signals.
er
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Precautions

Precautions

» For actual system construction, check the specifications for each device and piece of equipment that
makes up the system, use a method with sufficient margin for ratings and performance, and adopt
safety circuits and other safety measures to minimize risks even if a breakdown occurs.

» To safely utilize the system, obtain a manual or user's guide for each device and piece of equipment
that makes up the system, confirm and understand their content, including “Safety Precautions”,
“Precautions for Safe Use”, and other precautions related to safety, and then proceed with use.

» The customer must check all regulations, laws, and rules that are applicable to the system them-
selves.

» Copying, duplication, or redistribution of part or all of these materials without the permission of OM-
RON Corporation is prohibited.

* The content listed in these materials is valid as of July 2019.

The content listed in these materials may be changed without notice for purposes of improvement.

The marks used in these materials are defined as follows.

@ Precautions for Correct Use

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

@ Additional Information

Additional information to read as required.
This information is provided to increase understanding and make operation easier.
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Summary of Materials
]

This section lists a summary of these materials.

1-1  Summary of Materials......cccccceiiiiicccicseerrr e e 1-2
1-1-1 INteNdEd AUGIENCE ......oiiieiiiiiiiee e e 1-2
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1 Summary of Materials

1-1

Summary of Materials

1-1-1

This document summarizes the procedures and confirmation methods for connecting a Servo Drive
that is compatible with the DirectPWM interface method to the OMRON Programmable Multi-Axis Con-
troller CK3M-CIOICI (hereinafter called “Controller”).

By understanding the setting content and setting procedure points described in Section 3 DirectPWM
Interface Connection Procedure on page 3-1, you can configure the Controller to send commands

to the DirectPWM interface-capable Servo Drive and control Servomotors.

The connection procedure in this document describes an example when a digital quadrature encoder

is used to perform position and velocity feedback for CK3W-AX13130. "1

*1. If CK3W-AX2323 is used, the same DirectPWM interface as CK3W-AX1313[1 is available but the encoder
setting needs to be changed because a different type of encoder needs to be connected. Refer to the follow-
ing documents for encoder settings.

» Startup Guide Sinusoidal Encoder
e Startup Guide for SSI/Mitutoyo/EnDat 2.1/2.2 Serial Encoder

Intended Audience

This guide is intended for the following personnel, who must also have knowledge of electrical sys-
tems (electrical or the 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.

Also, this guide is intended for personnel who understand the contents described in the DT manual.

CK3M-series Startup Guide DirectPWM Interface (0047)



Target Equipment and Device I

Configuration
]

This section lists the target equipment and system configurations for connections in
these materials.

2-1  Device Configuration .........ccccucvemriiiinisir . 2-2
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2 Target Equipment and Device Configuration

2-1

Device Configuration

The configuration
low.

devices for reproducing the connection procedures in this document are shown be-

This example shows a DirectPWM interface setting using the configuration where the digital quadra-
ture encoder is connected to the output axis of a motor. This configuration is used only to show a set-

ting example and

is not a standard configuration.

Programmable Multi-Axis Controller
 CK3M-CPU11

CK3W-AX13130

CK3W-PD048

CK3W-TER11

cable

Ethernet CK3W-CAEDO3A

e
CK3W-CAADOLICIA R88A-
CAKAOLIIS

Servomotor Digital
Quadrature
Encoder

Servo Drive

Coupling

Windows PC
Power PMAC IDE

M Precautions for Correct Use

Always secure a Servomotor and encoder. Starting the motor that is not secured leads to a fail-

ure.
Manufacturer Name Model Version
OMRON Programmable Multi-Axis Controller | CK3M-CPU1[1 Version 2.5.2 or
CPU Unit later
OMRON Programmable Multi-Axis Controller | CK3W-AX1313] -—
Axis Interface Unit
OMRON Programmable Multi-Axis Controller | CK3W-PD048 -
Power Supply Unit
OMRON Programmable Multi-Axis Controller | CK3W-TER11 ---
End Cover
OMRON DirectPWM Cable CK3W-CAADOOIA -
OMRON Motor Cable R88A-CAKAOLILIS ---
OMRON Encoder Cable CK3W-CAESO03A ---
Servotronix Servo Drive CDHD-0032APB0O -
OMRON Servomotor R88M-K05030T ---
OMRON Digital Quadrature Encoder E6B2-CWZ1X ---
OMRON Coupling E69-C68B
OMRON Switching Power Supply S8VK- ---
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2 Target Equipment and Device Configuration

Manufacturer Name Model Version
- Windows PC --- -
DT Power PMAC Setting Tool Power PMAC IDE Version 4.3 or
later

uoneinbyuos adineq |-z
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2 Target Equipment and Device Configuration
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DirectPWM Interface Connection

Procedure
]

This section describes the procedures for connecting the Controller and Servo Drive,
and operating the motion control equipment with the DirectPWM interface. The de-
scription assumes that the Controller is set to factory default.

B T ) o 4 (G e N 3-2
3-2 Controller Setting Preparations..........cccccovmiiiiiininiiin s 3-3
3-2-1 Creation of @ NeW Project ... 3-3
3-2-2 Controller Initial SettiNg........cooeieiiie e 3-4
3-3 Various Equipment Connection..........cccccceiiimiiiiscccccscsneeerere e ss e ss s sssmnnnneens 3-6
3-4 Various Controller Settings .........cuuccciiccmemriiir e smnnnee s 3-8
3-4-1 NOLES LISt ..t 3-13
3-5 Confirmation of Settings ........cccc i ———— 3-17
36  MOtOr TUNING.....iciiereriirinrr i 3-19
3-6-1 OPEN LOOP TESE ..t 3-19
3-6-2 Current Loop Gain Setting .......ccuvviiiiiiiiiiee e 3-20
3-6-3 Bandwidth Automatic Setting..........ccccviiiiiiiie e 3-21
3-6-4 Manual Setting of Bandwidth ... 3-23
3-6-5 Feed-Forward Value Setting .........ccoooiiiiiiiii e 3-25
3-6-6 Checking of Operation and Creation of Tuning Parameter Project............... 3-27
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3 DirectPWM Interface Connection Procedure

3-1

Work Flow

The procedures for connecting the Controller and Servo Drive, and operating the motion control equip-
ment with the DirectPWM interface, are shown below.

3-2 Controller Setting Preparations on page
3-3

Perform the Controller setting preparations.

v

3-2-1 Creation of a New Project on page 3-3

v

3-2-2 Controller Initial Setting on page 3-4

v

3-3 Various Equipment Connection on page
3-6

Perform connection and wiring for each de-
vice.

v

3-4 Various Controller Settings on page 3-8

| Perform the Controller settings.

v

3-5 Confirmation of Settings on page 3-17

Check that the settings up to here are cor-
rect.

v

3-6 Motor Tuning on page 3-19

Use Power PMAC IDE tuning tools to tune
the motor.

v

3-6-1 Open Loop Test on page 3-19

v

3-6-2 Current Loop Gain Setting on page 3-20

v

3-6-3 Bandwidth Automatic Setting on page 3-21

v

3-6-4 Manual Setting of Bandwidth on page 3-23

v

3-6-5 Feed-Forward Value Setting on page 3-25

v

3-6-6 Checking of Operation and Creation of Tuning Parameter
Project on page 3-27
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3 DirectPWM Interface Connection Procedure

3-2 Controller Setting Preparations

|
Perform the Controller setting preparations.

Install the Power PMAC IDE on the PC beforehand.

3-21 Creation of a New Project

Follow the procedure below to create a new project.

1 Connect the Controller and computer
with an Ethernet cable.
2 Turn ON the power supply to the Con-
troller.
3  Start up Power PMAC IDE.
* If a dialog for checking access rights
is displayed at the time of startup, se- 7
lect the option for starting up. PowerPMAC IDE

suonesedaid Bujeg Jajj0uo0) Z-¢

4 The Communication screen is dis- @ IDE Environment B =
played, so specify the IP address of the |, . .
Controller to be connected to, and click =

108[01d MON € Jo uonesl) L-z-¢

the Connect button. aﬁdd”ess ;;’2-'68-0-200
e The default IP address for the Con- E:Detfool foi':l
troller is "192.168.0.200". Password 20000000
* If necessary, change the Windows IP SelecevioaiRtare Troe
address to "192.168.0.X".
IP Address

Set IP Address

Connect Last Session [P o Devics

For detailed setup options go to Tools menu -> Options ->
PowerPMAC

5 Power PMAC IDE starts up, and the
Controller will come online.

@ PowerPMAC IDE

CK3M-series Startup Guide DirectPWM Interface (0047) 3-3



3 DirectPWM Interface Connection Procedure

6  Fromthe File menu, select New — ® sovermiciizios

Project. ' File | Edit View Debug Tools DeltaTau  Eth pummms
New ‘ i3 Project.. Ctrl+Shift+N "
Open -
L <3
Close
+ X
Close Project Start Page
Upload Project From PowerPMAC
Save Selected Items Ctrl+S ‘ POWer|
Save Selected Items As...
¥ SaveAll Ctrl+Shift+S
Export 3
Start
Import >
New Project..
Page Setup... .
Open Project...
Print... Ctrl+P
Recent Files » u - Recent
Recent Projects and Solutions > Boveips 1 dvosod
u PowerPMAC2
Exit Alt+F4
- y S - PowerPMAC1

Terminal

IWelcome to PowerPMAC terminal
Select Device to start communication
|SSH communication to PowerPMAC at 192.168.0.200 successful

7 Input a project name and save destina- ~ neweos R
. b Recent Sort by: | Default B = earch Installe P~
tion, and select the OK button. s g
- ]| Pt fonemiac A basic PowerPMAC project.
;o\woﬂ @ PowerPMAC with EtherCAT (Acontis) PowerPMAC
1] rovericerv f—
Location: C:¥Users¥904PP5256¥ Documents¥PowerPMAC IDE = E
Solution name: PowerPMACT ] Create dir - .
[ ] e ]
3-2-2  Controller Initial Setting
Follow the procedure below to perform the initial settings for the Controller.
M Precautions for Correct Use
Since all memory is cleared by the initial settings, be sure to save any data remaining in the
Controller that you may need.
dkk
1 Type the $$$* command from the Ter- Terminal: Online [192.168.0.200 : SSH] v B X

minal, and set the Controller to the fac- Welcome to PowerPMAC terminal

tory default state. Select Device to start communication
SSH communication to PowerPMAC at 192.168.0.200 successful

3-4 CK3M-series Startup Guide DirectPWM Interface (0047)



3 DirectPWM Interface Connection Procedure

2  Type the save command in the Power Terminal: Online [192.168.0.200 : SSH]

PMAC IDE Terminal. Saving To Flash: Finished SAVING to flash

* When the save is completed, "Save
Save Completed

Completed" is displayed in the Termi-
nal.

3  Type the $$$ command in the Power

Terminal

PMAC IDE Terminal. Saving To Flash: Finished SAVING to flash
¢ When the reset is completed,

"PowerPMAC Reset complete" is dis-
played in the Terminal.

Save Completed

w
1
N
o
o
=]
(=g
=
e
)
=
(7]
1]
=
=}
«Q
v
=
(1]
el
8
Y
=
o
>
”n

PowerPMAC Reset complete

[sssl

Bumes [enu| Joj|oju0) Z-z-¢
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3 DirectPWM Interface Connection Procedure

3-3 Various Equipment Connection

The following diagram shows the connection between the axis interface unit and various equipment.

CK3W-AX1313

s8]
U _ ool ¥
~i{El
ol 00|

=

d

CK3W-CAEDO3A

a b °
I 4
CK3W-CAADOLICIA R88A-
CAKAO0LIIS
—— Servomotor gf;tg:ature
CDHD-0032APB0O
Encoder
Coupling

Follow the instructions below to connect a, b, ¢, and d shown in the diagram above.

a. Connection between the Controller and Servo Drive
Use the following dedicated cables to connect the CK3W-AX1313[] amplifier connector to the Ser-
vo Drive C2 connector.

Manufacturer Name Model Length
OMRON DirectPWM Cable | CK3W-CAADOO9A | 0.9 m
CK3W-CAADO18A | 1.8 m
CK3W-CAADO36A | 3.6 m

b. Connection between the Servo Drive and Servomotor
Use the following dedicated cables to connect the Servo Drive P2 connector to the Servomotor

connector.
Manufacturer Name Model Length
OMRON Motor Cable | R88A-CAKA003S | 3 m

R88A-CAKAO005S | 5 m

R88A-CAKA010S | 10 m
R88A-CAKA015S | 15 m
R88A-CAKA020S | 20 m
R88A-CAKA030S | 30 m
R88A-CAKA040S | 40 m
R88A-CAKA050S | 50 m

c. Connection between the Servomotor and Encoder
Use the following coupling to connect the rotary axes of the Servomotor and digital quadrature en-
coder.
Coupling: E69-C68B

3-6 CK3M-series Startup Guide DirectPWM Interface (0047)



3 DirectPWM Interface Connection Procedure

d. Wiring between the Controller and Encoder
Use the following dedicated cable to connect CK3W-AX1313[] to the digital quadrature encoder.

Manufacturer

Name

Model

Length

OMRON

Encoder Cable

CK3W-CAESO03A

3m

Follow the wiring diagram below to connect the dedicated cable (CK3W-CAESO03A) to the digital

quadrature encoder.

CK3W-CAES03A E6B2-CWZ1X

Encoder Cable Pulse Encoder

Signal EIS Sjglre Mark Color Signal

Encoder Power Supply (+5VDC) | 11]|Blue Black S S Brown Power supply (+Vcc)
Encoder Power Supply (GND) 13[Blue Red Blue 0V (common)
Encoder A+ 1| Pink Black Black Output phase A
Encoder A- 6| Pink Red < < Black/red stripes Output phase A-
Encoder B+ 2| Green |Black >< >< White Output phase B
Encoder B- 7]|Green |Red White/red stripes Output phase B-
Encoder C+ 3[ Orange [Black S S Orange Output phase Z
Encoder C- 8] Orange |Red Orange/red stripes |Output phase Z-

CK3M-series Startup Guide DirectPWM Interface (0047)
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3 DirectPWM Interface Connection Procedure

3-4 Various Controller Settings

3-8

Follow the procedure below to perform the settings for the Controller when a Servomotor is controlled
by the DirectPWM interface and digital quadrature encoder.

M Precautions for Correct Use

» Foritems to be written in the global definitions.pmh in step 2 in the following procedure, set
appropriate values depending on the motor and Servo Drive used. If the set value is not ap-
propriate, an excessive current flows, which may cause the equipment to fail.

Refer to Notes *24 through *26 in 3-4-1 Notes List on page 3-13 for the settings.

» If Motor[1].1aBias and Motor[1].IbBias are set to other than 0 in the following step 9 and 11,

the motor may rotate. Make sure that no problem occurs and the equipment is safe if the mo-

tor rotates before the setting.

1 Open the global definitions.pmh under
PMAC Script Language — Global
Includes in the Solution Explorer.

Solution Explorer + 0 X
@ o-a|p -
Search Solution Explorer (Ctrl+:) P~

1 PowerPMAC1

A Y VY VYW

[d System

[d Clanguage

[_d Configuration

[ Documentation

[ Log

[ PMAC Script Language
4 |5 Global Includec

(W) global definitions.pmh

[ Kinematic Koutines
P [ Libraries
P [ Motion Programs
P [ PLC Programs

CK3M-series Startup Guide DirectPWM Interface (0047)



3 DirectPWM Interface Connection Procedure

2 Write the text on the right to the global Sys.WpKey = $SAAAAAAAA
definitions.pmh.
* Refer to 3-4-1 Notes List on page //global setting
3-13 for details on setting items with  Gate3[0].PhaseServoDir = 0;
Notes *1 through *30 shown in the Gate3[0] .PhaseFreq = 10000; //10kHz
text on the right. Gate3[0].ServoClockDiv = 9; //lkHz
Sys.PhaseOverServoPeriod = 0.1;

Sys.ServoPeriod = 1;

//Encoder Setting
EncTable[1l] .Type
EncTable[1l] .pEnc
.a; //*2
EncTable[1l].ScaleFactor = 1/exp2(8); //*3
Gate3[0].EncClockDiv = 5; //3.125MHz
Gate3[0].Chan[0] .EncCtrl = 7; //*4

1; //*1
Gate3[0].Chan[0].ServoCapt

sBuipeg 19[|043uU0) SNOLIBA -

//DirectPWM AD Convertor setting
Gate3[0] .AdcAmpStrobe = $fffffc; //*5
Gate3[0] .AdcAmpHeaderBits = 2; //*6
Gate3[0] .AdcAmpClockDiv = 5; //3.125MHz

1SI7 SSION L-1-€

//DirectPWM PWM output setting
Gate3[0].Chan[0].PwmFregMult = 2; //*7

Gate3[0].Chan[0].PwmDeadTime = 15; //*8
Gate3[0].Chan[0].PackInData = 2; //*9
Gate3[0].Chan[0].PackOutbata = 1; //*10

CK3M-series Startup Guide DirectPWM Interface (0047) 39



3 DirectPWM Interface Connection Procedure

Sys.WpKey=50

//Motor setting
Motor[1l].ServoCtrl

1; //Enable the Motor[1]

Motor[1l].PhaseCtrl = 1;
ion task.

//Enable the commutat

Motor[1l].pPhaseEnc = Gate3[0].Chan[0].PhaseCa

pt.a; //*11

Motor[1l].PhasePosSf = 2048/ (256*2000*4/5); //
*12

Motor[1l].PwmSf = 13458; //*13
Motor[1l].PhaseOffset = 683; //*14

Motor[1l] .AmpFaultLevel = 1;
Motor[1l].pLimits = 0;
1 limit.

Motor (1] .WarnFeLimit = 4000; //*16
Motor[1l].FatalFeLimit = 8000; //*17

Motor[1l] .pAmpEnable = Gate3[0].Chan[0].OutCtr

//*15
//Disable the Overtrave

l.a;s

Motor[1l].pAmpFault = Gate3[0].Chan[0].Status.
aj

Motor[1l] .pCaptFlag = Gate3[0].Chan[0].Status.
ay

Motor[1l] .pCaptPos = Gate3[0].Chan[0].HomeCapt
.a;

Motor[1l] .pEncCtrl = Gate3[0].Chan[0].OutCtrl.
aj

Motor[1l].pEncStatus = Gate3[0].Chan[0].Status
.a;

EncTable[l].a;
Motor[1l].CurrentNullPeriod = 1; //*18
EncTable[1l].a //*19
EncTable[l].a //*20
Gate3[0].Chan[0].Pwm[0].a; //

Motor[1l] .pMasterEnc =

Motor[1l] .pEnc =
Motor[1l] .pEnc2 =
Motor[1l].pDac =
*21
Motor[1l].pAdc =
//*22

Motor[1l] .AdcMask =
Motor[1l] .MaxDac =
Motor[1l].I2tSet
Motor[1l].I2tTrip =

Gate3[0].Chan[0] .AdcAmp[0].a;

SFFFC0000; //*23
28377 * 3.33 / 11.25; //*24
28377 * 1.1 / 11.25; //*25
(Motor[1l] .MaxDac * Motor|[1l

] .MaxDac -Motor[l].I2tSet * Motor[l].I2tSet)
* 3; //*26

Motor[1l] .AbsPhasePosOffset = 400; //*27
Motor[1l].PhaseFindingDac = 4000; //*28
Motor[1].PhaseFindingTime = 1000; //*29
Motor[1l].PowerOnMode = 1; //*30

Motor[1l].InPosBand = 100;

// Setting Coordinate System
&1

#1->x

&1%100;

3-10
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3 DirectPWM Interface Connection Procedure

3 Right click on the Solution Explorer o DR v 0 X
project name at the upper right of the & | ) | -
Power PMAC IDE screen, select Build e Bokition Explorer ot p-
and Download All Programs, and ex- kL
. N |
ecute Build and Download. b [ System & Build '
b [ Clanguage Rebuild
b [ Configuration
p . Clean
b [ Documentatior
b [ Log New Solution Explorer View
4 | PMAC Seript Le I Build and Download All Programsl

4 |7 Global Incly
3 global ¢
[ Kinematic R

D 3 tihrarige Export Project with IP Protection...
Solution Explorer WeEH
& cut Ctrl+X
Frejgealis Unload Project

PowerPMAC1 Project P|
| F

Map PMAC Variables
Add Macro Project

sBuipeg 19[|043uU0) SNOLIBA -

® Open Folder in File Explorer

Program Buffer | # Properties Alt+Enter
4 Make sure that there are no errors in Tuon z
the Output Window. - -
. Show output from: | Build z
° - o
If the transfer failed, check the con Uploading pp_error.log file from the PowerPMAC. o
tent of the error in the Output Win- Uploading pp_proj.log file from the PowerPHAC. pd
. ) Uploading pp_error_hist.loz file from the PowerPMAC. @
dow. If there is a program error, fix Uploading pp_debug.txt file from the PowerPMAC. -
the program. Uploading and synchronizing PowerPMAC variables
Download successful .
Total Project download time = 4.463 seconds.
ITotal Project build and download time = 11.365 seconds.
S  Type the save command in the Power Terminal: Online [192.168.0.200 : SSH] > B X

PMAC IDE Terminal.

* When the save is completed, "Save
Completed" is displayed in the Termi-
nal.

Saving To Flash: Finished SAVING to flash

Save Completed

Terminal: Online [192.168.0.200 : SSH]

Save Completed

6 Type the $$$ command in the Terminal.

$55

Resetting PowerPMAC
PowerPMAC Reset complete

I$$$ -
7 To determine a sign for Watch Window # 0
Motor[1].PhaseOffset, paste
Motor[1].PhasePos, Motor[1].laBias, Command/Query Response
and Motor[1].IbBias in the Watch win- Svs.ServoCount 159954

dow.
Motor[1].PhasePos 1.91999999999999993
Motor[1].1aBias 0

Motor[1].IbBias 0
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3 DirectPWM Interface Connection Procedure

8 Type the #1out0 command in the Ter-
minal.

Terminal: Online [192.168.0.200 : SSH]

Welcome to PowerPMAC terminal
Select Device to start communication
SSH communication to PowerPMAC at 192.168.0.200 successful

$55

Resetting PowerPMAC
PowerPMAC Reset complete
#1out0

1out0]

O  Set Motor[1].1aBias=200 and
Motor[1].lbBias=0 in the Terminal.

Terminal: Online [192.168.0.200 : SSH]

SSH communication to PowerPMAC at 192.168.0.200 successful
$85

Resetting PowerPMAC

PowerPMAC Reset complete

#1out0

Motor[1].laBias=200

Motor[1].lbBias=0

[Moter11.IbBias=0|

1 0 Check the Motor[1].PhasePos value in
the Watch window.

Watch Window

Command/Query Response
Sys.ServoCount 230995
Motor{1].PhasePos 1505.92000000008966
Motor[1].1aBias 200

Motor[1].IbBias 0

11 Sset Motor[1].IbBias=200 in the Termi-
nal.
* Motor[1].laBias remains 200.

Terminal: Online [192.168.0.200 : SSH]

§5%

Resetting PowerPMAC
PowerPMAC Reset complete
#1out0

Motor{1].laBia 0
Motor{1].IbBia
Motor{1].IbBias=200

[Motorf11.IbBias=200]

12

Check the Motor[1].PhasePos value in
the Watch window.

Watch Window

Command/Query Response
Sys.ServoCount 320449

I Motor{1].PhasePos 1503.36000000008971
Motor[1].l1aBias 200
Motor[1].IbBias 200

3-12
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1 3 Type Motor[1].laBias=0 and Terminal: Online [192.168.0.200 : SSH]
Motor[1].IbBias=0 in the Terminal to PowerPMAC Reset complete
return the phase A and B bias currents #1outd
Motor[1].laBias=200
to 0. Motor[1].IbBia

Motor[1].IbBia
Motor[1].laBia
Motor[1].IbBias=0

Motor[11.IbBias=0|

1 4 If the Motor[1].PhasePos value de-
creases when values in step 10 and 12
are compared, set the sign of
Motor[1].PhaseOffset to + (addition); if
the value increases, set the sign to -
(subtraction).

* Since the value decreases in this ex-
ample, set
Motor[1].PhaseOffset=683 in the
global definitions.pmh.

If a sign of Motor[1].PhaseOffset
needs to be changed, change the
sign in the global definitions.pmh and
perform download again following the
procedure in step 3 through 6.

1 5 Manually rotate the coupling that con-
nects the motor to encoder and check
that the desired scale is applied to the Position

sBuipeg 19[|043uU0) SNOLIBA -

1SI7 SSION L-1-€

current position in the Position window.
e The EncTable[1].ScaleFactor value #1 632.00 mu
is set to 8000 counts per rotation in
this example, so 8000 mu is added to #2 0.00 mu
the current position per rotation. #3 0.00 mu
#4 0.00 mu

m Precautions for Correct Use

If the save command is not successfully completed, the transferred project is not saved in the
Controller. If the power to the Controller is switched OFF without the project being saved, the
transferred project is destroyed.

@ Additional Information

To change the counting direction of the digital quadrature encoder (clockwise/counterclock-
wise), change the sign of the following set values to write in the global definitions.pmh in step 2
to — (subtraction).

* EncTable[1].ScaleFactor

* Motor[1].PhasePosSf

3-4-1 Notes List

The following table shows details on notes (description of set items) in step 2.
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No. Set item Set value Description
*1 EncTable[1].Type 1 Enable EncTable[1] as single-word (32 bits) read.
*2 EncTable[1].pEnc Gate3[0].Chan[0].S | Assign the digital quadrature encoder data to EncTable[1].
ervoCapt.a
*3 EncTable[1].Scale- | 1/exp2(8) Calculate a scale factor set value in accordance with the following for-
Factor mula because EncTable[1] is 32 bits and Gate3[0].Chan[0].ServoCapt
(digital quadrature encoder data) is 24 bits.
1
Set value ;: ———888 —
2 (32 bits -24 bits )
*4 Gate3[0].Chan[0].E | 7 Set the digital quadrature encoder conversion method to four multipli-
ncCtrl cation, counterclockwise.
*5 Gate3[0].Ad- S$fffffc Specify AMP Strobe Word. If $fffffc is set, the Controller is compatible
cAmpStrobe with all AD converters.
*6 Gate3[0].AdcAm- 2 Set the header length of analog to digital conversion data to 2 bits.
pHeaderBits Set it depending on the Servo Drive specifications.
*7 Gate3[0].Chan[0].P | 2 Set the PWM frequency to 15 kHz. Calculate the PWM frequency in
wmFregMult accordance with the formula below.
Gate3[0].Chan[0].PwmFregMult+1
PWM = 2 x fImPhase
fpnase - INtErNal phase clock frequency
Make sure that the value is 40 kHz or less and the same as the Servo
Drive maximum input frequency or less.
*8 Gate3[0].Chan[0].P | 15 Set the PWM signal dead time to 800 ns. Calculate the dead time in
wmDeadTime accordance with the formula below.
Dead time = 0.0533 us x Gate3[0].Chan[0].PwmDeadTime
Set it depending on the Servo Drive specifications.
*9 Gate3[0].Chan[0].P | 2 AdcAmp compression: Enabled
ackinData If the digital current loop is implemented, enable data compression that
improves algorithm efficiency.
*10 | Gate3[0].Chan[0].P | 1 Enable PWM/DAC compression. If the commutation and digital current
ackOutData loop are calculated, enable data compression that improves algorithm
efficiency.
*11 Motor[1].pPha- Gate3[0].Chan[0].P | Use the digital quadrature encoder for commutation position feedback.
seEnc haseCapt.a
*12 Motor[1].Phase- 2048/ Set a scale factor (Sf) of the commutation position (angle). Use the fol-
PosSf (256*2000*4/5) lowing formula to calculate the scale factor if 24 bits digital quadrature
encoder (Gate3[0].Chan[0].ServoCapt) is assigned to 32 bits EncTa-
ble[1] as this example.
2048 x Number of motor pole pairs
St= 256 x Encoder resolution x Encoder multiplication setting
Set it depending on the specifications of equipment used.
The following shows parameters for equipment used in this example.
256: 2(32 bits - 24 bits) = 255
Encoder resolution: 2000 pulses per rotation
Encoder multiplication: 4 multiplication
Number of motor pole pairs: 5 pairs (10 poles)
3-14 CK3M-series Startup Guide DirectPWM Interface (0047)
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No. Set item Set value Description
*13 | Motor[1].PwmSf 13458 Set a scale factor for PWM output. The full range is 16384.
The scale factor is normally set to less than 95% of the full range so
that PWM waveform cannot reach the duty cycle of 0% or 100%. It is
set to approximately 82% in this example.
Set it depending on the Servo Drive specifications.
*14 | Motor[1].PhaseOff- | 683 For a three-phase motor, set to 683 or —-683.
set
*15 Motor[1].AmpFault- | 1 Specify a logic of AMP Fault detection. Set it depending on the Servo
Level Drive specifications.
0: Negative logic is used to detect AMP Fault.
1: Positive logic is used to detect AMP Fault.
*16 Motor[1].WarnFeLi- | 4000 The status bit Motor[1].AmpWarn is set when the positional deviation
mit exceeds this value.
The value for a half-rotation of the motor is set in this example. Set it
depending on applications used.
17 Motor[1].FatalFeLi- | 8000 The motor is killed and the status bit Motor[1].FeFatal is set when the
mit positional deviation exceeds this value.
The value for a half-rotation of the motor is set in this example. Set it
depending on applications used.
*18 | Motor[1].Current- 1 Motor[1].IaBias and Motor[1].IbBias are set in
NullPeriod Motor[1].PhaseFindingStep=1 during phase search.
*19 | Motor[1].pEnc EncTable[1].a Specify the digital quadrature encoder as an address used for loop
feedback to control the motor position.
The digital quadrature encoder is assigned to EncTable[1] in Notes *2
in this example.
*20 | Motor[1].pEnc2 EncTable[1].a Specify the digital quadrature encoder as the address used for loop
feedback to control the motor velocity.
The digital quadrature encoder is assigned to EncTable[1] in Notes *2
in this example.
*21 Motor[1].pDac Gate3[0].Chan[0].P | Assign DirectPWM to the motor command output register.
wm[0].a
*22 Motor[1].pAdc Gate3[0].Chan[0].A | Specify the DirectPWM interface AD converter as an AD converter
dcAmpl[0].a used for digital current feedback.
*23 | Motor[1].AdcMask | $FFFC0000 Specify which bit of 32 bits current feedback word is used as the actual
current value.
The 14 bits AD converter is set in this example. Set it depending on the
Servo Drive specifications.
*24 Motor[1].MaxDac 28377*3.33/11.25 Set an instantaneous current limit value (root mean square: RMS).

Compare those of the Servo Drive and the motor, and use a smaller
value. The motor has a smaller value in this example.
Use the following formula for calculation.

Cos (30°) x 32767 x Maximum instantaneous current

MaxDac =
Servo driver ADC full-range current

Determine parameters depending on the equipment used.

The following shows parameters for equipment used in this example.
Maximum instantaneous current for R88M-K05030T: 4.7 A (p-p)/\2 =
3.33 A (RMS)

ADC full range current for CDHD-0032APBO0: 11.25 A (RMS)

CK3M-series Startup Guide DirectPWM Interface (0047)
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No.

Set item

Set value

Description

*25

Motor{1].12tSet

28377*1.1/11.25

Set a rated current limit value (RMS). Compare those of the Servo
Drive and the motor, and use a smaller value. The motor has a smaller
value in this example.

Use the following formula for calculation.

Cos (30°) x 32767 x Rated current

12tSet =
Servo driver ADC full-range current

Determine parameters depending on the equipment used.

The following shows parameters for equipment used in this example.
Rated current for R88M-K05030T: 1.1 A (RMS)

ADC full range current for CDHD-0032APBO: 11.25 A (RMS)

*26

Motor[1].12tTrip

(Motor[1].Max-
Dac*Motor[1].Max-
Dac - Mo-
tor[1].12tSet*Mo-
tor[1].12tSet)*3

Set a motor integrated current limit. Use the following formula for cal-
culation.

[2tTrip = (MaxDAC?2 + |[dCmd? - 12tSet?) x allowable time (second)
Allowable time for R88M-K05030T: 3 seconds

*27

Motor[1].AbsPha-
sePosOffset

400

Specify the minimum operation that is considered to be an efficient
phase search. Although the commutation cycle (2048) 1/4 = 512 (90°)
is ideal, it is set to approximately 80% in this example considering that
problems such as friction can prevent the operation.

If Motor[1].PhaseFindingStep=1 displacement is smaller than this
value during phase search, the phase search is considered to be failed
by Power PMAC.

*28

Motor[1].PhaseFin-
dingDac

4000

Set the size of phase-sequence current that is output to each motor
phase in phase search. Adjust it depending on the equipment used.

*29

Motor[1].PhaseFin-
dingTime

1000

Set duration of each step during phase search. Adjust it depending on
the equipment used.

The following duration is used in this example.

Duration = Servo cycle x Motor[1].PhaseFindingTime = 1 ms x 1000 =
1000 ms

*30

Motor[1].PowerOn-
Mode

1: Enables the motor after phase search.
0: Kills the motor after phase search.

3-16
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3-5 Confirmation of Settings

Follow the procedure below to check that the settings up to here are correct.

1 Type the Terminal: Online [192.168.0.200 : SSH]
Motor[1].PhaseFindingStep=1 com- Motor{1].PhaseFindingStep=1
mand from the Terminal to perform a
phase search.

lMDtDrH].FhaseFindingStep:1

sBuijeg Jo uoneUWLIUOD G-¢

* The Motor[1].PhaseFindingStep Watch Window v 0
value changes to 1, 6, 7, and 0.
When the phase search succeeds, Command/Query Response
the Motor[1].ClosedLoop and Sys.ServoCount 644992
Motor[1].PhaseFound values
change from 0 to 1. Motor[1].PhaseFindingStep 0

In addition, the Motor[1].New[0].Pos
value becomes larger than the

Motor[1].AbsPhasePosOffset set Motor[1].PhaseFound 1
value. The AMP ENAB 0 LED is

turned on at that time. ™'

Motor[1].ClosedlLoop 1

Motor[1].New[0].Pos 467.199999999999989

2  Type the #1 out1 command from the Terminal: Online [192.168.0.200 : SSHI

Terminal. $55
Resetting PowerPMAC
PowerPMAC Reset complete
#1 outl

|#1 outi|

3 Make sure that the motor is rotating. In
addition, check that the Position win-
dow Position value is increasing in the Position
positive direction.

* |If the motor does not rotate even af-
ter typing the #1 out1 command, in-

#1 2,176,411.25 mu

crease the value gradually as #1 #2 0.00 mu
t2, #1 out3.
ou ou #3 0.00 mu
#4 0.00 mu
4  Type the kill command from the Termi- Terminal: Online [192.168.0.200 : SSH]

nal to stop the motor.

*1.  If Motor[1].PhaseFound does not indicate 1, the phase search has failed. Check if the set value is appro-

priate.
The following shows some examples of set value adjustment when a phase search fails.
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* |If the Motor[1].New[0].Pos value is smaller than the Motor[1].AbsPhasePosOffset set value after
phase search, increase the Motor[1].PhaseFindingDac value. In addition, check that the
Motor[1].PhasePosSf set value is appropriate.

* If an error occurs in I12tFault status during phase search, decrease the value of
Motor[1].PhaseFindingDac or Motor[1].PhaseFindingTime.

* If the Motor[1].New[0].Pos value indicates - (subtraction) after phase search, change signs of
Motor[1].PhasePosSf and EncTable[1].ScaleFactor.

3-18 CK3M-series Startup Guide DirectPWM Interface (0047)



3 DirectPWM Interface Connection Procedure

3-6 Motor Tuning

Follow the procedure below to use Power PMAC IDE tuning tools for tuning the motor.

3-6-1 Open Loop Test

Follow the procedure below to operate the motor in an open loop, and check that each setting is cor- &
=
rect. )
o
=
. =
1 From the Tools menu in Delta Tau, se- @ Tune : Online[192.168.0.200:5SH] g
. Select Motor PR ‘t Loop Auto—ture  Position Loop Int 5
|ect Advanced Tunlng tO Open the — unir o: uzn oop Auto—tune Position Loop Interac ‘g
ep | esl nusoigal |est ine oweep | esl
Tune screen, and then select Open oo oo Step Test Parameters
LoopTest — Step Test. v Lt o %
Test Time ms
Nurnber of Repetitions 1 5 w
@
o
Open Loop Step Test 8
=}
-t
3
Enable Closed Loop o
3
Enable Open Loop -
2 Set the following tuning parameters. Step Test | Sinusoidal Test Sine Sweep Test
Test Amplitude 1 _OoA)*1 Open Loop Step Test Farameters
Test Time: 100 ms Test Amplitude
o 10 2y
Number of Repetitions: 2 y
*1. If the motor does not rotate, set a
Test Time 100 ms
large value.
MNumber of Repetitions 2 =

Open Loop Step Test
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3 Click the Open Loop Step Test button.  Step Test Sinuscidal Test Sine Sweep Test

Open Loop Step Test Parameters

Test Amplitude

' 1.0 =
Test Time ms

4r

Murnber of Repetitions 2

Open Loop Step Test

* The motor is performing reciprocating Motor 1 Open Loop Step Move: 5/15/2019 2:33:20 PM

operation and the test result on the
right is displayed.

* [If the motor does not rotate, change
the Test Amplitude parameter to a
large value.

* The test result is when the Test
Amplitude parameter is set to 8.0%.

0,00

10000

Actual Velocity (m uniti(ms))
Servo Command (m unit)

-200.00

-300.00

-400.00

-500.00
100.00

3-6-2  Current Loop Gain Setting

Follow the procedure below to perform current loop gain settings and adjust them to achieve desired
response characteristics.

1 In the Tune screen, select Current
Loop Tuning — Interactive Tune.

Butertune Positon Loap Itaractive Turins

[ —
FepEy L —
. i
[e0e
2 Set the following parameters. e e o Cursrt Lo o Poraretr Seop
"iGain: 00099999998 (Default) Interal Gain (1iGain) 00099999993 ] Imqwm 3000 | bits I
Iprain O Forward Path Propor Gail 0 ] Rough Hrasing Magnituds 000 ] bits
. Back Path Proportonsl Gain (pEGai) o ] Iommme 0 | I
IpbGain: 0
Magnitude: 3000 bits Prase Guret s O
. B Do A Current Loop Step
Dwell Time: 50 ms =D LR
Phes= B (I5ias) 0 1
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3 Click the Do A Current Loop Step but- sy e necietir e —
ton. Intogrel Gain (1) (00009999995 Vegritide 000 | s
Forward Path Proportionsl Gain (jpfGain) ) Rough Phasing Magnitude 1000 | bits
Back Path Proportional Gain (IpbGain) o Dwell Time 50 .

Phase Current Bias Offssts
Do A Gurrent Loop Step.

Phase A (laBiss) o
Phase B (bBizs) o
* The current step response is dis- Motor1 Current Step: 5/14/2019 11:25:45 AM w
played. &
=
o
=g
[e]
= =
= =
= c
3 E.
s =
3 Q
@
o
E
=
5
o
=
=
bl
<<
@
»
20 30 &
Time {ms) w
Rise Time = 14.200000 ms. )
Peak Time = 39.20 ms.Peak Magnitude =  2962.00 counts. g_
Overshoot = 2.70 %.Damping Ratio = 0.754 . s
Natural Frequency = 26.23 Hz.Settling Time = 23.75 ms. g
0
>
=
4  Adjust the lliGain, IpfGain, and e e o e s 3
IpbGain parameters to achieve the de- el Gain (Gai T B ] b %
S|red response Characterlstlcs Forward Path Progartional Gain (ofGain) [ — Rough Phasing Magnitude. [f000 | bits %
Back Path Proportional Gain (lok(Gain) 0 Dwall Time & e =3
g
«

Phass Current Bias Offsets
Do A Current Loop Step.

Phase A (2Bias) 244
Phase B (bBias) -208
* If the startup response is slow, in- Motor1 Current Step: 5/14/2019 11:31:47 AM

crease the lliGain parameter.

* If the overshooting or vibration is
large, increase the IpfGain or
IpbGain parameter.

* Increase each gain parameter gradu-
ally starting from a small value.

Actual Current Response (bits)

30

Time {ms)
Rise Time = 1.000000 ms.
Peak Time = 35.80 ms.Peak Magnitude =  3005.00 counts.
Overshoot = 1.93 %.Damping Ratio = 0.782 .
Natural Frequency = 388.22 Hz.Settling Time = 1.55 ms.

3-6-3 Bandwidth Automatic Setting

Follow the procedure below to use the auto-tuning function for setting the servo loop bandwidth auto-
matically.

CK3M-series Startup Guide DirectPWM Interface (0047) 3-21



3 DirectPWM Interface Connection Procedure

1 In the Tune screen, select Position ® Tune: Onine(192:165.0200554]
- Select Motor Current Loop Tu f| & Open Loop Test Fosition Loop Auto—tune [l sition Loop Intsractive Tuning Pre—filter Setup Adaptive Control Inte
Loop Auto-tune — Advance Auto- = WI B Bicirn I

Specify Amph. 0 - wecify Auto—tune
tune Ampifier Typs \MA—V Excitation Magnitude 100 s
S;d‘: ij"edp%mc& - - Excitation Time C—
Max Travel 4000 mu 1
Soft Hard.
Integral Action L > Auto—tune Move Optians.
[ Positive Move Only Heration No
[ Velocity FF [ Negative Move Orly i )
[ Accsleration F&- No Jog Back
Optiors.
[] Auto Select Bandwidth
[ Auto Select Sample Pericd
Erable Closed Loop. [ Auto Select Low Pass Filter REE s
2 Set the following parameters. EIEEYTESTE) fclvorco Autortune e
Amplifier Type: Direct PWM | B GTR  remrrm— ] |
Auto Select Bandwidth: Select the E e ——— ExtatonTine i@ =
check box. DarpingFatio o s Vi Tro oIl
Encoder Resolution: 8000 cts/rev ot bord foelme to m
Integral Action B > Auto~tune Move Options
. . . * [] Positive Move Only ration
Excitation Magnitude: 8.0%"" Vel FF S -
Iteration No.: 2 [[] Accsleration FF [JNo Jog Back
*1. Select the value rotated in the open
. . — ‘ Auto~tune Motor Recalculate
loop in step 3 in 3-6-1 Open Loop [ Auto Select Low Pass Fiter
Test on page 3-19.
. Encoder Resolution 8000 cts/rev.
* For Encoder Resolution, set the | J
pulse counts per one motor rotation.
In this example, 2000 pulses per ro-
tation of the digital quadrature encod-
er is set to be multiplied by four, so
Encoder Resolution indicates 8000.
3 Click the Auto-tune Motor button. SEEATAREETS] Advana Ats e
Specify Amplifier Type Specify Auto—tune Excitation Settings
Amplifier Type Direct PAM N Excitation Magnitude B0 Bl g
Specify Desired Performancs EctEfen i D e
Bandwidth 200 2 Hz
Bl 01 & in Travel I
Max Travel 4000 mu
Soft Hard
Integral Action E > Auto—tune Move Options
[ Positive Move Only Iteration No
[] Velocity FF [ Negative Move Only 2 =
[ Acosleration FF [ No Jog Back
Options
Auto Select Bandwidth
[[] Auto Select Sample Period A= Vst Recalaulate
[[] Auto Select Low Pass Filter -
NewT uningGUIS pecifyEncoderResolution
Encoder Resolution cts/rev

4 If the message on the right appears, Position AutoTune Message
click the Yes button.

We have chosen a safe and conservative bandwidth of 4.6 Hz.You may
choose a larger bandwidth of up to 4 times this value and Click Begin
Tuning again. Do you wish to go back and change this bandwidth (if you
choose No the auto-tuning process will continue?)
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@ Auto-tune Results for Motor X

5 If the screen on the right appears, click
the Implement button. e e

Rzl @i

Proportioral (Kp) & [ 0703372719665314
Derivative (Kft) o “ 17.2223454108807
Integral () 9999999705 9.99999970-05 0
Velocity feedforward (Kvff) % )
Acceleration feedforward (Kaff) 0 0
Derivative Gain 2 (Kvifb) 0 0
Velocity feedforward into Integrator (Kviff) 0 0
Restore
Active filter will bs removed ok
Q@
[=2]
H o
Check that the Recommended Gains ® Auto-tne Results for Motor x 3
=
i i Cunrent Previous Gairs Recommended G
values are applied to Current Gains, e : : =
Proportional (Kp) 0708372719665314 | 4 0.708372719665314 g
and then click the OK button. Derivative (Kvib) 172223464108807 %0 17.2223454108807 5
Integral (K) 0 99999997605 0 Q@
Velocity feedforward (Kvif 0 0 0
Accsleration fesdforward (Kaf) 0 ) 0
Derivative Gain 2 (Kvifb) 0 ) 0
Velocity feedforward into Integrator (Kviff) 0 0 0

Restore

Implement.
| OK I Cancel

Active filter will be removed

3-6-4  Manual Setting of Bandwidth

Follow the procedure below to set a more appropriate bandwidth, while monitoring the step response
characteristic.

1 Select Position Loop Interactive

Select Motor

Tuning — Step in the Tune screen.

Kl

Ensble Open Loop

Export motor | settings 1o the
ject

Gurrent Loop Turing. Open Loop Test. Position Loop Auto-tu fiter Setup Adapive Control [
FeedBack Gains Selectior

070236748
17197738

Proportional Gain (Kp)
Derivative Gain 1 (Kvft)
Derivative Gain 2 (Kvifb)
Integral Gain (Ki)

FeedForward Gains
Velocity Feedforward Gain 1 (Kvff)
Velocity Fesdforward Gain 2 (Kviff)
Acosleration Feedforward Gain (Kaf)
Friction Feedforward Gain (Kfff)

Intezral Mode (SwZvint)
Fotal Following Error Linit (FatalFeLimit)
Servo Output Limit (MaxDac)

Servo NorLinsarites
Tnput Desdband Size (BreskPosEr)
Tneut Desdband Gain (KBreak)
Output Deadkand fner Size (OutDEO")
Output Deadkend Outer Size (OutDEO
Output Deadbmnd Seed (0 utDbSecd)

o
Step Mow
Step Size

Step Time.

Move Optiors

Kill Motor
D) pfor the N

Dwell Tirme.
D) afertne i

2 Set the following parameters.
Step Size: 2500 mu

Curent Loaa Tuning Ooen Loaa Test Fosition Loan Auta—tune Position Loop Iteractive Turing Fre-flier Setuo Adsctive Gartral Interactive Fiter Setup LO Setup

FeodBack Gains Trajectory Selection
Proportoral Gain Ke) 067678079 Ste Remp Paratolic Vel Trapezoidsl Vel SCurve Sinusoidkl &
Derivative Gain 1 (ki) 15439648 _——

Dervative Gain’? (Kt o I StepSize Fosod] 1 s I
Integral Gain () 3
otep 1ime e |

FeedForuar Gains
Velasity Feadforward Gein 1 (<) o
Velacity Feedorward Gain (Kuif) 0
Acoslerstion Feedforvard Gain (4aF) 0 Seae
Friction Fesdforvard Gain (KF) O
etegral Mod (SuZvin) o Move Optiors
Fatal Following Error Limit (FatslFeLimit) feooo e
Servo Outout Limit (VaxDac) 63995918 ] Dwell Time: -

S [ et e 50 s
gt Doackand Si26 (BreaiPosEn) 0 S
Input Deadband Gain (KEreak) 4 i

Lot Avis

Output Deadbard Inrer Size (OutDEOR) d

o High e
0 Show Servo Block Diagram OlPetx
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3

Click the Step Move button.

Progtionsl Gan (46) [os7erR0Ts
Derivative Gain 1 (Kvfb) [16 439543

Derivative Gain (i) [o

ineers! Gisin ()

Velocity Feecforward Gain 2 (Kvifi)

Acceleration Fescforerd Gain (Kaf)

| Suntivs |

Move Options.

il etor
D aperiie ione

Friction Faedfornard Gain (K77)

Integal Mock (Suzvint)
Fatal Following Ervor Linit (FatalFeLirit)

vo Output Linit (Maxac)
Servo Nonineari
It Deackbard Siz
Input Daacbarnd Gain (KBreak)

Dl Timo
Dl afer e ove E

Select Plot It
Filter Calculator
Lofi A

Output Deadrand Inner Sizs (0uiDe0r)
Output Deadband Outer Size (OWIDEOR) o Right s

Output Deadband Sed (OuDiSesd) b SRR ‘ [Pt

4

Check the step response characteristic.
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If the target position has not been
reached, return to the Advance Auto-
tune screen, and set an even larger
value for Bandwidth.

Current Loop Tuning Open Loop Test Position Loop Auto—tune Position Loop Interactive Tuning Pre—filter Setup Adaptive Control Inte
Simple Auto—tune Advance Auto-tune
Specify Amplifier Type Specify Auto—tune Excitation Settings

Amplifier Type Dirsct PAWM e Excitation Magnitude 80 ER)

Excitation Time 100 ms
I Bandwidth 180 B ke I

Min. Travel 400 mu
Lamping nauo T

Meax. Travel 4000 o |

Soft Herd
Integral Action < > Auto—tune Move Options
[ Positive Move Orly Iteration No

[ Velocity FF [ Negative Move Only 1 B
[] Acceleration FF [ No Jog Back
Options
[] Auto Select Bandwidith
L] Auto Select Sample Period At Vit Rrellesti

[] Auto Select Low Pass Filter

6

Click the Recalculate button.

Current Loop Tuning Open Loop Test Position Loop Auto—tune  Position Loop Interactive Tuning Pre—filter Setup Adaptive Control  Inte
Simple Auto—tune Advancs Auto—tune
Specify Amplifier Type Specify Auto-tune Excitation Settings

Buplier Ty Direct PAM ¥ Excitation Magnitude B0 Elw

Specify Desired Performance

Excitation Time 100 ms
Bandwidth 180 S H
. Min. Travel R
Damping Ratio 07 2
Mex Travel (4000 i '
Soft Hard B
Integral Action < > Auto-tune Move Options
[ Positive Move Orly teration No
[ Velocity FF [ Negative Move Only 1 B
[] Accsleration FF [ No Jog Back
Options
[[] Auto Select Bandwidth
L] Auto Select Sample Period Auto-tune Motor Rl
[] Auto Select Low Pass Filter
7 If the screen on the right appears, click ® Auto-tune Results for Motor X
the Implement button.
) 070887272 070887272 1911081019767
Derivative (Kvfb) 7222345 17.222345 28333431 446506
Integral (Ki) 0 0 0
Velocity feedforward (Kvi) 0 0 0
Acceleration feedforward (Kaff) ( ) 0
Derivative Gain 2 (Kvifb) i ! 0
Velocity feedforward into Integrator (Kviff) 0 0 0
Restore Implement.
Active filter will be removed o —_—
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3 DirectPWM Interface Connection Procedure

8 Check that the Recommended Gains
values are applied to Current Gains,
and then click the OK button.

@ Auto-tune Results for Motor

Proportional (Kp)

Derivative (Kvfb)

Integral (Ki)

Velocity feedforward (Kvff)
Acceleration feedforward (Kaff)

Derivative Gain 2 (Kvifb)
Velocity feedforward into Integrator (Kviff)

Active filter will be removed

Restore Implement.
OK Cancel

9 Return to step 1 and repeat the proce-
dure until the desired responsiveness is
obtained.
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3-6-5

Feed-Forward Value Setting

Follow the procedure below to set a more appropriate bandwidth, while monitoring the step response

characteristic.

1 In the Tune screen, select Position
Loop Auto-tune — Advance Auto-
tune, and insert checks into Velocity
FF and Acceleration FF.

Current Loop Tuning Open Loop Te I Position Looo Auto—tune I ssition Loop Interactive Tuning Pre—filter Setup Adaptive Control  Inte

Simple Aum—tml Advance Au(o‘turvel

Spedify Amplifier Type
Amplifier Type

Specify Desired Performance
Bandwidth 180

Damping Ratio 07

Soft
Integral Action <

Velocity FF
Acceleration FF

[ Auto Select Bandwidth
[ Auto Select Sample Period
[ Auto Select Low Pass Filter

|Direct PAM

[

Hz

Hard

Excitation Magnitude
Excitation Time
Min. Travel

Max Travel
Auto—tune Move Options
[[] Positive Move Orly-
[ Negative Move Only
[(]No Jog Back

Auto~tune Motor

Specify Auto—tune Excitation Settings

80 < %

100 | ms
400 | mu
4000 mu
Teration No

1 e

Recalculate

2 Click the Recalculate button.

Current Loop Tuning Open Loop Test Position Loop Auto—tune  Position Loop Interactive Tuning Pre—filter Setup Adaptive Control  Inte

Simple Auto—tune Advance Auto—tune
Specify Amplifier Type
Amplifier Type

Spedify Desired Performance
Bandwidth 180

Damping Ratio 07

Integral Action

Velocity FF

Accsleration FF

Options

[ Auto Select Bandwidth

[[] Auto Select Sample Period
[] Auto Select Low Pass Filter

RCET

Direct PWM v

Excitation Magnitude
Excitation Time
Min. Travel

Mex Travel
Auto—tune Move Options
[] Positive Move Only
[ Negative Move Only
[ No Jog Back

Auto—tune Motor

Specify Auto—tune Excitation Settings

80 T %
100 ms
400 mu
4000 | mu
leration No

1 =

Recalculate
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3 DirectPWM Interface Connection Procedure

3 If the screen on the right appears, click | ® auto-tune Resuits for Motor x
the Implement button.

Proportional (Kp) 19111081 1.9111081 1.91110810197676
o —— — e —
Integral (Ki) 0 ) 0
Velocity feedforward (Kvff) 0 0
Acceleration feedforward (Kaff) 0 0
Derivative Gain 2 (Kvifb) 0 0 0
Velocity feedforward into Integrator (Kviff) 0 0 0
Restore. Implement.
Active filter will be re oK Cancel
4 Check that the Recommended Gains ® Auto-tune Results for Motor x
values are applied to Current Gains, -
Proportional (Kp) 1.91110810197676 9111081 191110810197676
and then click the OK button. Derivative (v ol e 28 380481 4465067
Integral (Ki) 0 | 0
Velocity feedforward (Kvff) ! 8

Acceleration feedforward (Kaff)

Derivative Gain 2 (Kvifb)
Velocity feedforward into Integrator (Kviff 0 ) 0

Restore Implement.
el coneal

5 Select Position Loop
InteractiveTuning — Parabolic Vel.
and set the following parameters.
Move Size: 2500 mu
Move Time: 500 ms
Left Axis: Velocity
Right Axis: Following Error

Sivsusep LserLsras

Losg ressctos | ring s e

6 Click the Parabolic Velocity Move but-
ton.

articat

2

i

St Rl eE o

3 it CMttie et

7 Check the parabolic response charac-
teristic of velocity.

Following Error (m unit)

£
=
=
=
E
=
s
H
3
=
E
E}
E
<<
o5
b=
2
H
€
13
g
S

400
Time (ms)
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3 DirectPWM Interface Connection Procedure

8 If Following Error has a positive corre-
lation to the velocity, make Kvff larger.
If it has a reverse correlation, make
Kvff smaller.

Current Loop Tuning Open Loop Test Fosition Loop Auto—tune Position Loop Interactive Tuning Pre—filter §

FeedBack Cains

Propertional Gain (Kp)
Derivative Gain 1 (Kvib)
Derivative Gain 2 (Kvifb) o]
Integral Gain (Ki) l:l
FeedFarwan Gains
| veiocity Foedforward Gain 1 (1) 50 |
Velocity Feedforward Gain 2 (Kviff) 0

21515082

Accsleration Feedforward Gain (Kaff)
Friction Feedforward Gain [Kfff)

9 Click the Parabolic Velocity Move but-

ton again.

* Repeat this until the correlation of
Following Error to the velocity dis-
appears.

1 Parabolic Move: #1 5/14/2019 5:12:28 PM

Command velocity Walnciy

Command & Actual Velocity (m unit/{ms))
Following Error (m unit)

200.00 30000 40000 S500.00 600.00 70000 B800.00 $00.00 1000.00
Time (ms)

1 0 In the same way, if Following Error
has a correlation to Acceleration,

Position, etc., increase or decrease the

Kaff and Kfff values.

Trajectory Selection
Step Ramp Parabolic Vel. Trapezoidal Vel. SCurve Sinusoidal Sine Sweep User Defined
Select Parabolic Move Parameters

Move Size 2500 mu
Move Time 500 ms

Parabolic Velocity Move:

Move Options
Kill Motor

U afer the Move
Dwell Time Repetitive
L) Aftor the Move 500 o W

Select Plot Items

Filter Calculator
Left Aois

Right Axis

Show Servo Block Diagram [[] Plot to New Chart

3-6-6

Checking of Operation and Creation of Tuning Parameter Project

Follow the procedure below to check operations and create a tuned parameter project.
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3 DirectPWM Interface Connection Procedure

1 Type the
Motor[1].PhaseFindingStep=1 com-
mand from the Terminal to perform a
phase search.

* The Motor[1].PhaseFindingStep
value changes to 1, 6, 7, and 0.

* When the phase search succeeds,
the Motor[1].ClosedLoop and
Motor[1].PhaseFound values
change from 0 to 1. In addition, the
Motor[1].New[0].Pos value be-
comes larger than the
Motor[1].AbsPhasePosOffset set
value. The AMP ENAB 0 LED is
turned on at that time.

Terminal: Online [192.168.0.200 : SSH]

IMotor[ﬂ.FhaseFindingStep=1|

Watch Window # v 1
Command/Query Response

Sys.ServoCount 4088603
Motor[1].PhaseFindingStep 0

Motor[1].ClosedLoop 1

Motor[1].PhaseFound 1

Motor[1].New[0].Pos 469.759999999999991

2 Type the #1 j+ command from the Ter-
minal.

Terminal: Online [192.168.0.200 : SSH]
Motor[1].PhaseFindingStep=1

3 Make sure that the motor is rotating. In
addition, confirm that the #1 Velocity
value is around 32 in the Position win-
dow.

* Velocity depends on
Motor[1].JogSpeed (32 by default).

Position Velocitv

#1 10,608,759.57 mu 31.32 mu/msec

#2 0.00 mu 0.00 mu/msec

4 Type the kill command from the Termi-
nal to stop the motor.

Terminal: Online [192.168.0.200 : SSH]

Motor[1].PhaseFindingStep=1
#1j+
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3 DirectPWM Interface Connection Procedure

5 Open the global definitions.pmh under
PMAC Script Language — Global
Includes in the Solution Explorer.

Solution Explorer + 0 X
Co@| o-F| k=
Search Solution Explorer (Ctrl+:) P~
4 [ Documentation -
_E'I note.txt

b [ Log
4 | PMAC Script Language

F T ] P ISR [N R g

W) global definitions.pmh

L Kinematic Routines
P [ Libraries
P [ Motion Programs
P [ PLC Programs

-
6 Add the gain values obtained from tun- Motor[1].IiGain = ***
ing to the global definitions.pmh. Motor[1].IpfGain = **x*
Motor[1l].IpbGain = ***
Motor[1l] .Servo.Kp = ***
Motor[1l] .Servo.Kvfb = ***
Motor[1l].Servo.Kaff = ***
Motor[1l].Servo.Kvff = ***
7 Open the pp_startup.txt under .
_ A d X
Configuration in the Solution Explorer. S ZIMEET ST ¥
T

Search Solution Explorer (Ctrl+:)

b [ Clanguage -
4 | Configuration

I} pp_custom_save.cfg

Y pp_custom save.tpl

=] pp_disable.txt

=] pp_inc_disable.txt

= pp_inc_startup.txt

™ nn cava fa

L] systemsetup.ctg
4 |7 Documentation v

8 Write the phase search implementation
command shown on the right.

Motor[1].PhaseFindingStep = 1
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3 DirectPWM Interface Connection Procedure

3-30

Select the project and execute Build
and Download.
* Refer to step 3 through 6 in 3-4 Vari-

ous Controller Settings on page 3-8
for the Build and Download method.
As shown in step 5 and 6, gains can
be downloaded on PMAC as a pro-
gram if you write gains in the global
definitions.pmh.

As shown in step 7 and 8, the phase
search is automatically performed af-
ter the power is turned ON or reset to
enable Motor[1] if you write the
phase search implementation com-
mand in the pp_startup.txt.
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