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Related Manuals

Related Manuals

To safely use the system, obtain manuals or user’s guides for devices and equipment that make up
the system, and confirm and understand the precautions related to safety such as “Safety Precau-
tions” and “Precautions for Safe Use”, and other contents of the manuals or user’s guides, including

“Precautions for Correct Use”, before use.

The manuals provided by OMRON Corporation (hereinafter, “‘OMRON”) and Delta Tau Data Systems

Inc. (hereinafter “DT”) are as shown below.

Manufac-

turer Cat. No. Model Manual name
OMRON | O036 CK3M-CPUOIOO Programmable Multi-Axis Controller Hardware User’s Man-
CK3W-AX23230] ual
CK3W-GC2200
DT 0014 --- Power PMAC User’s Manual
DT 0015 - Power PMAC Software Reference Manual
DT 0016 - Power PMAC IDE User’s Manual (V4)
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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 of the
manual.

Cat. No. | 0052-E1-01 |
T— Revision code

Revision

Date Revised content
code

01 May 2021 Original production
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Terms and Definitions

Terms and Definitions

Term

Description and definition

PMAC

An acronym for Programmable Multi-Axis Controller.

Power PMAC IDE

Computer software that is used to configure the Controller, create user programs,
and perform monitoring.

AC servo motor

A servo motor that is driven by AC signal input. A rotating magnetic field is formed
in the motor by the input of an AC signal in order to rotate the rotor of the motor.

Servo amplifier

A control device that controls a servo motor. Upon receipt of a command from the
Controller, it switches the power by means of a power device in order to output a
power signal to drive the motor.

Direct PWM

OMRON's unique communications method for communications between the Power
PMAC and the servo amplifier. The Power PMAC directly sends an ON/OFF signal
from the power device of the servo amplifier, while the servo amplifier sends a cur-
rent feedback value to the Power PMAC. This allows the Power PMAC to form a
current loop.

Electrical angle

The angle of the rotating magnetic field used to rotate an AC servo motor.

Commutation control

Control for creating a rotating magnetic field with the required electrical angle in or-
der to rotate the motor.

Phase reference

The home of the electrical angle. To perform commutation control, it is necessary to
establish a phase reference at first (i.e., phase reference search).

Sinusoidal Encoder

A type of encoder that outputs SIN/COS waveforms at 1 Vpp.

Galvo Scanner

A control device for controlling the angle of rotation of the mirror that reflects laser
light for scanning the position where the laser light is irradiated. It utilizes the high
response performance of the mirror to ensure high-speed trajectory control.

SL2-100

A type of protocol for communications with digital Galvo Scanners.

Control command

A command that sets the type of data to be sent from the Galvo Scanner to the
Controller.

XY stage

A positioning stage that moves in the X-axis and Y-axis directions. Although the re-
sponse speed is slower than that of a Galvo Scanner, it can scan a larger area due
to its wide range of movement.

MOTF

An acronym for Motion On The Fly. It is an algorithm that divides a position com-
mand into high frequency components and low frequency components, and distrib-
utes them to actuators with different response speeds. In this manual, the high fre-
quency components are commanded to the Galvo Scanner and the low frequency
components are commanded to the XY stage.

Pulsed laser

A laser that blinks repeatedly at a specific time interval. In contrast, a device that
constantly outputs laser light is called a continuous oscillation laser.

Q-switching

An oscillation method for pulsed lasers. It uses external oscillation pulse input to
obtain pulsed laser output.

TCR

An acronym for Trigger Output by Commanded distance for Rapid Processing. It
provides the function to trigger a laser output according to the distance set in the
CK3W-GC[2.

Application Guide Laser Application (0052)



Precautions

Precautions

» For actual system construction, check the specifications for devices and equipment that make up
the system, use a method with sufficient margin for ratings and performance, and adopt safety cir-
cuits and other safety measures to minimize risks even if a breakdown occurs.

» To safely use the system, obtain manuals or user’s guides for devices and equipment that make up
the system, and confirm and understand the precautions related to safety such as “Safety Precau-
tions” and “Precautions for Safe Use”, and other contents of the manuals or user’s guides, including
“Precautions for Correct Use”, before use.

» The customer themselves must check all regulations, laws, and rules that are applicable to the sys-
tem.

» No part or the whole of this document may be copied, duplicated, or redistributed without the per-
mission of OMRON Corporation.

» The contents of this document are current as of May 2021.

The contents of this document may be subject to change without notice for the purpose of improve-
ment.

Special information in this document is classified as follows:

m 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.

Symbols

The specific operation is shown in the circle and explained in text.

0 The filled circle symbol indicates operations that you must do.
This example shows a general precaution for something that you must do.
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Introduction
]

This section provides an introduction of this document.

It N 141 o Yo 10T 4 oY o R 1-2
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1 Introduction

1-1 Introduction

This document describes the procedures for building a laser processing system with a OMRON Pro-
grammable Multi-Axis Controller CK3M-UUIO (hereinafter called “Controller”).

/\ CAUTION

The scope of this document is to confirm the connection of devices listed as the con-
nection targets. To configure a system using instructions that are not described in this
document, obtain manuals or user’s guides for devices and equipment that make up

the system, and confirm their contents including the precautions related to safety such

as “Safety Precautions” and “Precautions for Safe Use” before use.
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Device Configuration
]

This section describes the configuration of devices.

2-1  Device Configuration ...........ccccceiiiiimiiiccccccsseeerrrr s 2-2
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2 Device Configuration

2-1

Device Configuration

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

low.
Manufacturer Name Model Version

OMRON Programmable Multi-Axis Controller | CK3M-CPU1L11 Ver. 2.6.1 or lat-
CPU Unit er

OMRON Programmable Multi-Axis Controller | ck3w-AX2323N"1 -
Axis Interface Unit

OMRON Programmable Multi-Axis Controller | CK3W-GC2200 ---
Galvano Interface Unit

OMRON Programmable Multi-Axis Controller | CK3W-PD048 -—
Power Supply Unit

OMRON Programmable Multi-Axis Controller | CKSW-TER11 -
End Cover

OMRON Programmable Multi-Axis Controller | CK3W-CAADO036A -
Direct PWM Cable

OMRON Programmable Multi-Axis Controller | CK3W-CAES03A ---
Serial Encoder Cable

OMRON Programmable Multi-Axis Controller | CK3W-CAG03A -—-
Laser Interface Unit Cable

OMRON Switch Mode Power Supply (24 S8VK-S12024 -
VDC)

OMRON Switch Mode Power Supply (5 S8VK-G03005 -
VDC)

OMRON Switch Mode Power Supply (15 S8FS-G10015CD -
VDC)

OMRON Solid State Relay G3RV-SR500-D DC24 ---

OMRON Photomicro Sensor EE-SX674 -

Servotronix

Direct PWM Amplifier

CDHD-0032APB0"!

Maxphotonics

Laser Oscillator

MFP

INNO6 Linear Motor (Y Axis) INC-5716-D0-0S ---
INNO6 Linear Motor (X Axis) INC-5723-D0-0S ---
HEIDENHEIN Linear Encoder LIDA48" -—
SCANLAB Galvo Scanner intelliSCAN ---
SCANLAB fo Lens --- ---
SCANLAB Dynamic Focusing Unit varioSCAN -
- Windows PC - -
DT Power PMAC Setting Tool Power PMAC IDE Ver. 4.5 or later

*1.  This document assumes that the XY stage is controlled by the Direct PWM or Sinusoidal Encoder method.
To use other control methods, change the settings in 3-4 Setup of the Motors and Encoder on page 3-21
according to the corresponding Startup Guide.
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Connection Procedures

This section describes the procedures to connect the Controller and the devices that
make up the laser application. The description assumes that the Controller is set to
factory default.

3-1
3-2

3-3

3-5

3-7

WOIK FIOW ...t ssmsn s s e s s mmmn e e e e e s a s smmnn e e e e e e e nas 3-2

Controller Setting Preparations............cccoimmmmininemnee e 3-4
3-2-1 Creation of @ New Project .........oooo e 3-4
3-2-2 Controller Initial SettiNg .......ccveeeiiie e 3-5

Setup of the MOTEF ... snn e e s e e mnnnnnees 3-7
3-3-1 Programming .......oooueo o 3-7
3-3-2 Determination of Filter's Coefficients............ccccviiiiiiiii e, 3-13

Setup of the Motors and Encoder..........cccciiiiiiiiiiiiicsieeereee s 3-21
3-4-1 WIFING OF DEVICES ..ot e e e 3-21
3-4-2 Programming ... 3-22
3-4-3 Tuning of the CUImeNnt LOOP.........uiiiiiiiiiie et 3-26
3-4-4 Establishment of the Phase Reference ...........ccccccoviiiiiiiiicciee e, 3-28
3-4-5 OPEN-l00P TESHING ....vviiiiiiie i 3-29
3-4-6 Position LOOP AULO-tUNING .....coiiiiiiiiiiciieeee e 3-30
3-4-7 Position Loop Interactive TUNING .......coooiiiiiiiiiiie e 3-31
3-4-8 TUNING OF thE Y AXIS «..eeeeiiie et e 3-35
3-4-9 Confirmation of the TuNiNg RESUILS ..........cooouiiiiiiiiiiiie e 3-36

Setup of Overtravel Limit Switches and Home Positions ............cccvcuen. 3-39
3-5-1 WIirNG OFf DEVICES ..ot 3-39
3-5-2 Programming ... 3-39
3-5-3 Confirmation of the Settings (Overtravel Limit Switches).............ccccccccoiiie 3-41
3-5-4 Setup of Home POSItioNS ..........ooeiiiiiiiiiiii e 3-42

Setup of the Galvo Scanner ... s 3-44
3-6-1 WIiNNG OFf DEVICES ..ottt 3-44
3-6-2 Programming ... s 3-45
3-6-3 Setup of Control COMMANAS .........ooiiiiiiiii e 3-47
3-6-4 Confirmation of the Settings .......ccooiiiiiiii e 3-49
3-6-5 Verification of the MOTF on the Actual Machine..........ccccooooiiiiiiiiieeeee 3-50

Setup of the Laser OScCillator ..o 3-51
3-7-1 WIiNNG OFf DEVICES ..ottt 3-51
3-7-2 Guide Laser OULPUL .....coouuiiiiiiie e 3-51
3-7-3 Programming ... s 3-53
3-7-4 Setup of the Laser OSCillator...........cccuuiiiiiiiiiiiiieeee e 3-56
3-7-5 Confirmation of the Settings .........c.couriiiiiie e 3-58
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3 Connection Procedures

3-1 Work Flow

The procedures for building a laser application are shown below.

3-2 Controller Setting Preparations on page Perform the Controller setting preparations.
3-4

v

3-2-1 Creation of a New Project on page 3-4 |
v

3-2-2 Controller Initial Setting on page 3-5 |
v

3-3 Setup of the MOTF on page 3-7 | Set up the MOTF.
v

3-3-1 Programming on page 3-7 |
v

3-3-2 Determination of Filter’s Coefficients on page 3-13 |
v

3-4 Setup of the Motors and Encoder on page | Set up the motors and encoder.
3-21

v
3-4-1 Wiring of Devices on page 3-21 |
v
3-4-2 Programming on page 3-22 |
v
3-4-3 Tuning of the Current Loop on page 3-26 |
v
3-4-4 Establishment of the Phase Reference on page 3-28 |
v
3-4-5 Open-loop Testing on page 3-29 |
v
3-4-6 Position Loop Auto-tuning on page 3-30 |
v
3-4-7 Position Loop Interactive Tuning on page 3-31 |
v
3-4-8 Tuning of the Y Axis on page 3-35 |
v
3-4-9 Confirmation of the Tuning Results on page 3-36 |
v
3-5 Setup of Overtravel Limit Switches and Set up various sensors.
Home Positions on page 3-39
v
3-5-1 Wiring of Devices on page 3-39 |
v
3-5-2 Programming on page 3-39 |
v

3-5-3 Confirmation of the Settings (Overtravel Limit Switches) on
page 3-41

v
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3 Connection Procedures

3-5-4 Setup of Home Positions on page 3-42 |
v

3-6 Setup of the Galvo Scanner on page 3-44 | Set up the Galvo Scanner.
v

3-6-1 Wiring of Devices on page 3-44 |
v

3-6-2 Programming on page 3-45 |
v

3-6-3 Setup of Control Commands on page 3-47 |
v

3-6-4 Confirmation of the Settings on page 3-49 |
v

3-6-5 Verification of the MOTF on the Actual Machine on page
3-50

w
;
—
o
]
=1
I
9]
53

v

3-7 Setup of the Laser Oscillator on page Set up the laser oscillator.
3-51

v

3-7-1 Wiring of Devices on page 3-51 |
v

3-7-2 Guide Laser Output on page 3-51 |
v

3-7-3 Programming on page 3-53 |
v

3-7-4 Setup of the Laser Oscillator on page 3-56 |
v

3-7-5 Confirmation of the Settings on page 3-58 |
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3 Connection Procedures

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- 2
lect the option for starting up. PowerPMAC IDE

4 The Communication screen is dis- @ 1Dk Environment _ -
played, so specify the IP address of the |, ..
Controller to be connected to, and click & 01| =

the Connect button. ig;ﬁdd“ess ;22.168.0.200
* The default IP address for the Con- Esm;t:oo‘ fOSOT
troller is "192.168.0.200". Password (TTTI YY)
* If necessary, change the Windows IP PelsslovieaiBlare Lrie
address to "192.168.0.X".
IP Address

Set [P Address

Connect Last Session [P No Device

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

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

@ PowerPMAC IDE

34 Application Guide Laser Application (0052)



3 Connection Procedures

6  Fromthe File menu, select New — ® roemscocaziin

Project. File | Edit View Debug Tools DeltaTau  Eth s
New t i3 Project... Ctrl+Shift+N f
Open : ) |
1 o
Close

Start Page ® X

‘ Powerl

Close Project

Upload Project From PowerPMAC

Save Selected ltems Ctrl+S
Save Selected ltems As...

suonesedald Bujeg Jajj03u0) Z-¢

W saveall Ctrl+Shift+S
Export »
Start
Import »
New Project.
Page Setup... i
Open Project...
Print... Ctrl+P
Recent Files » hu - Recent
Recent Projects and Solutions > PowerPMAC_study0509
- PowerPMAC2

Alt+F4

PowerPMACT

3

Terminal

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

&
w
7 As shown in the right figure, after you Hew Pz T S
. . b Recent — “earch Installed Templates (Ctrl+B) P - 5
select Power PMAC, input a project s I B e e | povaprinC 5l
H H owerPMAC| A basic PowerPMAC project. =
name and save destination, and select B T Fosthoeam o >
the OK bUttOn. @ PowerBrick LV PowerPMAC E_’
=
»
o8
%".
«
Solution name: PowerPMAC1 V Create dirr . _
oK Cancel

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.

1  Type the $$$* command from the Ter- [ —— = [192.168.0.200 : SSH] - 1 X

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

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

2 Type the save command in the Power
PMAC IDE Terminal.
* When the save is completed, "Save
Completed" is displayed in the Termi-
nal.

Terminal: Online [192.168.0.200 : SSH]
Saving To Flash: Finished SAVING to flash

Save Completed

3 Type the $$$ command in the Power
PMAC IDE Terminal.
* When the reset is completed,
"PowerPMAC Reset complete” is dis-
played in the Terminal.

Terminal
Saving To Flash: Finished SAVING to flash

Save Completed

PowerPMAC Reset complete

|sssl

3-6
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3 Connection Procedures

3-3 Setup of the MOTF

3-3-1 Programming

Set up the MOTF. This document assumes that you use a low-pass filter with EMA (Exponential Mov-

ing Average) to sort a positioning command into low frequency components and high frequency com-

ponents.

The input/output equation for the EMA is shown below. Here, u(n) is the input signal at time n and y(n)
is the output signal.

y(n)=KdGain*u(n)+(1-KdGain)*y(n-1)

410 3y} jo dnjag ¢-¢

The following is a block diagram of the MOTF. The low frequency components of a command to an
axis that passed through the low-pass filter are input to the motor, whereas the remaining travel dis-
tance is input to the Galvo Scanner. This enables high stroke and high responsivity to be compatible.

w
@
X Axis Linear Motor(X -
> @ > KdGain(X) > @ ) 3
%
- 3
! [
4 a
z __ Galvano
Motor(X)
H—
\ "
Y Axis Linear Motor(Y
> @ > KdGain(Y) > @ )
I I— z!
__ Galvano
Motor(Y)
H—
U "

In the above diagram, KdGain is set to 0 or greater, but less than 1. To increase the cutoff frequency of
the low-pass filter, set KdGain to a larger value.
The table below shows the relationship between axes on devices and motor numbers in this docu-

ment.
Axes on devices
Machine Direction Motor number

XY stage X axis #1

Y axis #2
Galvo Scanner | X axis #3

Y axis #4
Focus unit Z axis #5
Virtual axis for TCR calculation | #6

Application Guide Laser Application (0052) 3-7



3 Connection Procedures

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

Solution Explorer

—1 PowerPMAC1
[ System

1 C language
[ Configuration

[ Log

A Y VT YT Y

OO R|o-I|p =

Search Solution Explorer (Ctrl+:)

[ Documentation

[.% PMAC Script Language
4 % Glohal Inclidec

() global definitions.pmh

P A Libraries

[ Kinematic Routines

P [ Motion Programs
P [ PLC Programs

Write the text shown on the right to the

global definitions.pmh file.

* For details on the annotated settings, re-
fer to Section 4 How to Customize Vari-
ous Settings on page 4-1.

Sys.WpKey=SAAAAAAAA
//Segmentation Time
Coord[1l].SegMoveTime=0.1;//*1

//Global Clock Configurations
Gate3[0] .PhaseFreqg=10000;//*2
Gate3[0].ServoClockDiv=0;//*3
Sys.PhaseOverServoPeriod=1;//*4
Sys.ServoPeriod=0.1;//*5
Gate3[0].PhaseServoDir=0;//*6
Gate3[1l] .PhaseServoDir=3;//*6

//ADC settings

Gate3[0] .AdcEncCtrl=$3fffc000

In the Solution Explorer, right-click PMAC
Script Language and select Add — New
Item....

3 Log
4 PMAC Script Language

I @ Newitem.. Ctrl+Shift+A I

—
&

des
Add

Efinitions.pmh
Scope to This utines

New Solution Explorer View
rams

Properties Alt+Enter

s

3-8
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3 Connection Procedures

4 In the Name box, type
MotionOnTheFly.pmh and click the Add
button.

Add New Item - PowerPMAC1

iii
©

4 Installed Sortby: Default

Script Programs Header Type: Script Programs Header

L g Header File Script Programs Header

Script Programs Header File

\

5 Open the MotionOnTheFly.pmh file under
PMAC Script Language — Global
Includes in the Solution Explorer.

6 Write the text shown on the right to the Mo-
tionOnTheFly.pmh file.
* For details on the annotated settings, re-
fer to Section 4 How to Customize Vari-
ous Settings on page 4-1.

//LPF’s Gain
global KdgainX=0.00045;//*1
global KdgainY=0.00045;//*2

//Scale Factors of Galvo Scanner
global GalvoSfX=-503316*4096/(170*0.374);//*3
global GalvoSfY=-503316*4096/(170*0.374);//*4

//Settings of Coordinate System
&1;//*5

#1->I;//*5

#2->1;//*5

#3->I;//*5

#4->1;//*5

7 Open the pp_startup.txt file under
Configuration in the Solution Explorer.

Ml Solution Explorer
@ o-a| 5=
Search Solution Explorer (Ctrl+:) P -

[ PowerPMACT -
b System
4 C Language
b Background Programs
b CPLCs
b Include
Libraries
rl Realtime Routines
[ usrcode.c
[® usrcodeh
4 Configuration
[ pp_custom_save.cfg
) pp_custom_savetpl
=] pp_disablent
EI pp_inc_disable.txt
EI pp_inc_startup.txt
~ -

=] pp_startup.txt

L Syoteriistiupsiy

8 Write the text shown on the right to the
pp_startup.txt file.

//Enable CfromScript
UserAlgo.CFunc=1;

Application Guide Laser Application (0052)
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3 Connection Procedures

9 In the Solution Explorer, right-click the
usercode.c file under C Language —

Realtime Routines and select Properties.

4 Include
Libraries

Realtime Routines

@ usrcode.c

(54 Open
Open With...
<> View Code

Scope to This

/=1 New Snlitinn Fvnlnrar Viaw

I & Properties

Alt+Enter I

[ systemsetup.cfg

Nnrumentatinn

I =1 PP_stanup.o
b

1 0 In Build Action in the Properties window,
select Compile.

usrcode.c File Properties
o B | &
B Advanced
Build Action
B File Encryption option
Enable Encryption
B Misc
File Name
Full Path

Build Action

How the file relates to the build and deployment process

I Compile I

No

usrcode.c
C:¥Users¥010160080¥Documents¥P

1 1 Open the usercode.c file under C
Language — Realtime Routines.

12 Delete the CfromScript function definitions
shown on the right.

double CfromScript (double cfrom type,double arg2,

double arg3,double arg4,double arg5,double argb6,d

ouble arg7,struct

{

LocalData *Ldata)

int icfrom type=(int)cfrom type;
double*C, *D, *L, *R, rtn; //C,D,R-only needed 1if

doing Kinematics

C=GetCVarPtr (Ldata);//Only needed if doing Ki

nematics

D=GetDVarPtr (Ldata);//Only needed if doing Ki

nematics

L=GetLVarPtr (Ldata);//Only needed if using Ld

ata or Kinematics

R=GetRVarPtr (Ldata);//Only needed if doing Ki

nematics
rtn=-1.0;
return rtn;

3-10
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13 Write the text shown on the right to the static double prevLpfXPos=0;
usercode.c file. static double prevLpfYPos=0;

double CfromScript (double kinTypeDouble,double ar
g2,double arg3,double arg4,double argb,double arg
6,double arg7,LocalData *Ldata)

{

int kinType=(int) kinTypeDouble;

double deltaXPos,deltaYPos;

double *L=GetLVarPtr (Ldata);

double *C=GetCVarPtr (Ldata);

410 3y} jo dnjag ¢-¢

switch (kinType)
{
case Forward Kinematics State:
{
_KinPosAxisX:_KinPosMotor1+(_KinPosMotor3/Galv
oSfX) ;
_KinPosAxisY= KinPosMotor2+ ( KinPosMotor4/Galv
oSfY) ;
if (Ldata->Status & 0x40)

{
prevLpfXPos= KinPosMotorl;

Bulwwesbold L-g-¢

prevLpfYPos= KinPosMotor2;
}
break;
}
case Inverse Kinematics State:
{
deltaXPos= KinPosAxisX-prevLpfXPos;
deltaYPos= KinPosAxisY-prevLpfYPos;
_KinPosMotorl=prevlLpfXPos+ (KdgainX*deltaXPos) ;
_KinPosMotor2=prevlpfYPos+ (KdgainY*deltaYPos) ;
_KinPosMotor3=( KinPosAxisX- KinPosMotorl) *Gal
voSftX;
_KinPosMotor4=( KinPosAxisY- KinPosMotor2) *Gal
voSfY;
prevLpfXPos= KinPosMotorl;
prevLpfYPos= KinPosMotor2;
break;
}
}
return 0;

}

14 Add the text shown on the right to the top of #define Forward Kinematics State 0
the usercode.c file. #define Inverse Kinematics State 1

#define KinPosAxisX * (C+6)
#define KinPosAxisY *(C+7)
#define KinPosMotorl *(L+1
#define KinPosMotor2 * (L+2
#define KinPosMotor3 * (L+3

)
)
)
#define KinPosMotor4 * (L+4)

Application Guide Laser Application (0052) 3-11
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15

In the Solution Explorer, right-click
Kinematics Routines under PMAC Script
Language and select Add — New Item....

3 Log
4 PMAC Script Language
4 Global Includes

Add

Scope to This

& Properties

B New Solution Explorer View

'I 0 New ltem... Ctrl+Shift+A I

= e T

:

Kinematic Routines Folder Properties

Folder Name Kinematic Routines

1 6 Select Inverse Kinematic and click the
Add button.

Add New ltem - PowerPMAC1

Sortby: Default

e

Name: InverseT kin

? X

Search Installed Templates (Ctri+E) P ~
[y e Type: Inverse Kinematic
Power PMAC Inverse Kinematic Template

17

Write the text shown on the right to the In-
verse1.kin file.

open inverse (1)

local ret;

ret=CfromScript(1,0,0,0,0,0,0);

close

18

In the Solution Explorer, right-click
Kinematics Routines under PMAC Script
Language and select Add — New Item....

b Documentation

b Log

4 PMAC Script Language
4 Global Includes

I 3 New ltem..

Ctrl+Shift+A I Add

[ o e

Scope to This

SIMILTAILTA

s

! E]j New Solution Explorer View
F Properties

Alt+Enter

Kinematic Routines Folder Properties
O

1 9 Select Forward Kinematic and click the
Add button.

Add New Item - PowerPMAC1

4 Installed

Forward Kinematic|

Sortby: Default

v

Name: Forward1.kin

70X

Search Installed Templates (Ctri+E) P ~

Forward Kinematic Type: Forward Kinematic

Power PMAC Forward Kinematic Template

==

3-12
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20 Write the text shown on the right to the For- open forward(1)
ward1.kin file.
local ret;
ret=CfromScript (0,0,0,0,0,0,0);

close
L
w
3-3-2  Determination of Filter’s Coefficients g
T
Adjust the KdGain parameter of the filter used for the MOTF. ?;
=
(1]
1 In the Solution Explorer, right-click b Doctmentation 5
13 Log ]
=

Global Includes under PMAC Script

Language and select Add — New I T P — I Add

Item.... [ e e e Scope to This
E']:] New Solution Explorer View

PMAC Script Language

w

Properties Alt+Enter

Global Includes Folder Properties

1OV

2 In the Name box, type VirtualMotor.pmh | xcnesen-roversc

4 Installed Sort by: Default

and click the Add button. — G e T ————

SJUBIDIE0D S, JA}IH JO UoneUILIR}S] Z-€-€

e E
==

Add

3 Open the VirtualMotor.pmh file under
PMAC Script Language — Global
Includes in the Solution Explorer.
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Write the text shown on the right to the
VirtualMotor.pmh file.

EncTable[l].type=1
EncTable[1l].index1=0
EncTable[1l].index2=0
EncTable[1].index3=0
EncTable[1l].index4=0

EncTable[l] .pEncl=Sys.udata[l1l0].a
EncTable[l] .pEnc =Sys.udata[l0].a;
EncTable[l].ScaleFactor=1;
Motor[1l] .pDac=Sys.udata[l0].a
Motor[1l] .pEnc =EncTable[l].a
Motor[1l] .pEnc2=EncTable[l].a
Motor[1l].pLimits=0

Motor[1l] .pAmpFault=0
Motor[1l].Ctrl=Sys.PosCtrl
Motor[1l].ServoCtrl=1

Motor[1l] .MaxSpeed=0
Motor[l].FatalFeLimit=0

EncTable[2].type=1

EncTable[2].index1=0
EncTable[2] .1index2=0
EncTable[2].index3=0
EncTable[2].index4=0

EncTable[2]
EncTable[2]
EncTable[2]

.pEncl=Sys.udata[ll].a
.pEnc=Sys.udatal[ll].a;
.ScaleFactor=1;

Motor[2] .pDac=Sys.udatal[ll].a
Motor[2] .pEnc=EncTable[2].a
Motor[2] .pEnc2=EncTable[2].a
Motor[2] .pLimits=0

Motor[2] .pAmpFault=0
Motor[2].Ctrl=Sys.PosCtrl
Motor[2].ServoCtrl=1

Motor[2] .MaxSpeed=0

Motor[2] .FatalFeLimit=0

3-14 Application Guide Laser Application (0052)
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EncTable
EncTable
EncTable
EncTable
EncTable
EncTable
EncTable
EncTable

.type=1

.index1=0

.index2=0

.index3=0

.index4=0
.pEncl=Sys.udatal[l2].a
.pEnc=Sys.udata[l2].a
.ScaleFactor=1

Motor[3] .pDac=Sys.udatal[l2].a
Motor[3] .pEnc=EncTable[3].a
Motor[3] .pEnc2=EncTable[3].a
Motor [3] .pLimits=0

] .pAmpFault=0
].Ctrl=Sys.PosCtrl
].ServoCtrl=1
]
]

Motor

410 3y} jo dnjag ¢-¢

Motor
Motor

w

Motor .MaxSpeed=0

[
[
[
[
[
[
[
[ .FatalFeLimit=0

3
3
3
3
3
3

Motor

EncTable
EncTable
EncTable
EncTable

[4] .type=1
(4
(4
(4
EncTable[4
(4
(4
(4

]
] .index1=0
] .index2=0
1 .index3=0
] .index4=0
EncTable[4]
EncTable[4]
EncTable
Motor[4] .pDac=Sys.udatal[l3].a
Motor[4] .pEnc=EncTable[4].a
4] .pEnc2=EncTable[4].a
] .pLimits=0
] .pAmpFault=0
].Ctrl=Sys.PosCtrl
].ServoCtrl=1
Motor[4] .MaxSpeed=0
Motor[4] .FatalFeLimit=0

.pEncl=Sys.udata[l3].a
.pEnc=Sys.udata[l3].a
] .ScaleFactor=1

Motor

SJUBIDIE0D S, JA}IH JO UoneUILIR}S] Z-€-€

[
[
Motor [
Motor [
Motor [
Motor [
[

|7 systemsetup.cfg

5 Open the prog1.pmc file under PMAC - -
Script Language — Motion Programs b Log
in the Solution Explorer. 4 = PMAC Script Language

Global Includes

b
b Kinematic Routines
b Libraries

4 [P

progl.pmc File Properties -
R | A

Application Guide Laser Application (0052) 3-15
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6 Write the program to use for processing
to the prog1.pmc file.
The text on the right is an example of
the processing program.

open prog 1

coord[l] .FeedTime=1000;
Coord[1l] .MaxFeedRate=180;

ta(0.1);
td(0.1);
ts(0);
F(100);

abs;
linear;

X (50)
X (-50)
X (-50)
X (50)
X (50)
X (0)

Y (50);
Y (50) ;
Y (-50);

Y (=50) ;

Y (50) ;

Y (0);

close

7 Download the project.

Right click on the Solution Explorer
project name at the upper right of the
Power PMAC IDE screen, select Build
and Download All Programs, and ex-
ecute Build and Download.

Sl Solution Explorer >
| '
L:I: G ﬁ‘bv@"l}a.—

Search Solution Explorer (Ctrl+) A

b ks Build

4 Rebuild
b Clean
14

b P8 New Solution Exolorer View

I Build and Download All Programs I
Lownload All Frograms
Map PMAC Variables

Export Project with P Protection...
Export Project Template...
Compare Project
Add EtherCAT
Add EtherNet/IP
Add Macro

% cut

Unload Project

Ctrl+X

Alt+Enter '

Project File PowerPMACI.ppproj
Project Folder C¥Users¥010160080¥Documents¥PowerPMA(Q
El PowerPMAC Buffers (buffer size in MegaBytes)

e Open Folder in File Explorer

Properties

8 Make sure that there are no errors in
the Output window.
* |f the transfer failed, check the con-
tent of the error in the Output win-
dow.

Output

Show output from: | Build -1
Uploading pp_error_hist.laog tile from the FowerPmal.

Uploading pp_debuz.-txt file from the PowerPWAC.

Uploading and synchronizing PowerPMAG variahles

Total Project download time = 5.016 ceconds.

Total Project huild and download time = 20.344 seconds.
Download successful.

|
4
PowerPMAC

es Terminal [[Oliisllg

3-16
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9 Type the save command in the Power
PMAC IDE Terminal.

* When the save is completed, "Save ct Device to start communic
" . . . SH communication to PowerP
Completed" is displayed in the Termi-
nal.

1 0 Type the $$$ command in the Power
PMAC IDE Terminal.

SAVING to flash

w
1
(2]
[
1]
-
c
T
o
=
-~
=3
®
=
o
=
m

MAC Messages [JUil=Il Output

1 1 Select Tools — Plot from the Delta Tau Debug  Tools | Defta Tau | EtherCAT _ Window _ Help

~| Debug | A Communication Setup | 24 Mt2MaxRmscur -lmeee

menu. nal € Position [ Terminal ger [] Tune [A]Plot <

Position

Inverse1 kin pp_startup.xt

Rl pro¢

Watch

Status

2968750000¢ Seart

Errors Display
Unsolicited Messages
Jog Ribbon

PowerPMAC Messages
Encoder Conversion Table
Compensation Table
Update Firmware

Install Package

Device Imaging

- B e e EH O OE P EE S

Backup Restore

Tools. Cam Sculptor 3

Bl [

2968750000 Plot

»
333030168 Troubleshooters L
Compare L

»

Part Managers Scope |

X Kill Motors Ctri+Alt+K Task Manager

SJUBIDIE0D S, JA}IH JO UoneUILIR}S] Z-€-€

1 2 In the Step1 — Possible Data Sources @ Plot: Online[192.168.0.200:55H]

area, select the check boxes for the fol- File View Gather Options
Iow|ng |tems Step1 — Possible Data Sources Selected Preset “four Preset Name He

Qiink  Petailed Wanual Step 2 - Data To Sample
¢ Motor1
* Motor2

Motor[l 1ActPos
[Fnotars Motor(1 ] DesPos

* Motor3 [Motars Motor[1 Tioomd
g Mutm[[gADtFns

Maotor[2] DesPos

* Motor4 s
« Mator[3] ActPos
Motor[3] DesPos
Mator[3 Lioemd
Motor[4]ActPos
Motor[4] DesPos
Motor[4Tigomd

Timelsec)

Sampling Settings

[~. 1w

‘ Gather Data
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1 3 In the Step3 — Data Processing area, - o X
select the following items and click the
>> button. fere hd Save Delste
. MOtOI’[1] Cmd Position Step 3 - Data Prmsassing Step 4 - Plotting
Left Axis

* Motor[2] Cmd Position
* Motor[3] Cmd Position
+ Motor[4] Cmd Position i

<<

Time(ses) ~ >
Motg r1 ] Act Position
r[1 n

Motor[1] Cmd Velocity
Mator1] Act Accelerati
Mator(1] Cmd Acoelerat
Mator[1] Following Ermor
Motor[1 ] Serv Gmd Ou Right Axis
Mator[2] Act Position 5
Mator[2] Crmd Position
Mator[2] Act Velocity
Motor[2] Cmd Velocity <<
Mator[2] Act Accaleratic
Mator[2] Cmd Accelerat o
e By

[ P (= T

< >

Scale Factor =1

_ Horizontal Axis
Offset =0 5>

Time(sec)

] s Delets

Step 3 — Data Processing Step 4 — Plotting

Left Axis
Motorl2] Act Acceleratic a Watar(1] Gmd Positian
mgis:é Eon?g‘ﬁ\i?;egg: Mator(2] Gmd Position
Motar2] Servo Cmd Ou < Mator[3] G Position
Mator(a] Act Position Mator(4] Cmd Pasition
Motor[3] Cmd Position
Motor[3] Act Velocity
Motor(3] Cmd Velocity
Motor[3] Act Acceleratic RIgNt Axis
Maotar[3] Cmd Accelerat 53
Motor[3] Following Ermor
Motor(3] Servo Cmd Ou
Maotor(4] Act Position <<
Motar[4] n
Motor(4] Act Velboity
Wit el ok e it e
< >

Scale Factor = 1

Horizontal Axis
Offset = 0 55

Timelsec)
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1 4 Click the Gather Data button and type
the &1 enable and the &1 start 1 com-
mand in the Power PMAC IDE Termi-
nal.

Time(sec)
Motor[t 1 ActPos
Motm’F %.Despos
Motorl! ligomd
>y Motor[2] ActPos 24
Motnr[[g%.DesPos
Motorl?]igomd
<« Motor[3] ActPos <«
Mator[3].DesPos
Mator[3] igsmd
Motor[4] ActPos
Mator[4] DesPos
Motar[4]igomd

Mt Al e

Scale Fac
Gathar Data Offget = (
Function
[41DesPo
sk 2000.00
iples: |1000
e 0 1000

Terminal Output

Terminal

Saving To Flash: Finished SAVING to flash

Save Completed

PowerPMAC Messages [ELuILE]

15 Click the Upload Data button.

LAY
Mot
b+

Soa

Gather Data Offe

Fun
Uplaad Data [a7)

1000 1000

Application Guide Laser Application (0052)
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3 Connection Procedures

16 Click the Plot Data button.
Horizontal Axis
by
Timelsec)
<
Plot Data
1 7 Confirm that the position of each axis is @ PowerPMAC Plot: 2021/03/02 1801:11 o 0 X
displayed as shown on the right. Ela W T

PowerPMAC Plot

&
2
<
&
=
E
5
=
1
=

3 4
Time (sec)

1 8 If either Motor[3] Cmd Position or Mo-
tor[4] Cmd Position exceeds the maxi-
mum or the minimum command value
of the Galvo Scanner, open the global
definitions.pmh file and edit the
KdgainX and KdgainY settings. Then,
perform steps 7 to 17 again.

1 9 If there is no problem with the filter re-
sponse in step 18, right-click the
VirtualMotor.pmh file in the Solution
Explorer and select Delete.
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3-4 Setup of the Motors and Encoder

3-4-1  Wiring of Devices

The figures below show how to wire the CK3M to the Servo Drive and linear motors.

» Wiring of the X axis

i CK3W-AX23230]
CK3W-GC2200

19pooug pue sI0jo| ayj jo dnjasg p-¢

®
B
=
b =3
——o 3
o
S8VK-S12024 §
INC-5723, LIDA48 §
CDHD-0032APB0 3
» Wiring of the Y axis
~—Hl CK3W-AX23230

CK3W-GC2200

S8VK-512024

INC-5716, LIDA48

CDHD-0032APB0O
Connect the sections a, b, and c in the above figures as follows.

a. Connection between the Controller and the servo amplifier
Connect the amplifier connector of the CK3W-AX2323[1 to the C2 connector of the servo amplifier

with the following dedicated cable.

Manufacturer Name Model Length
OMRON Direct PWM Cable | CK3W-CAADOO9A | 0.9 m
CK3W-CAADO18A | 1.8 m
CK3W-CAADO36A | 3.6 m
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b. Connection between the servo amplifier and each servo motor
Connect the motor connector of the linear motor to the P2 connector of the servo amplifier.

c. Connection between the Controller and each servo motor
Connect the encoder connector of the CK3W-AX2323[1 to the connector of the linear encoder with
the dedicated cable CK3W-CAEAOQ3A.

CK3W-AX2323 LIDA48

Signal Pin Signal Pin
girrl]LfOidal Encoder 1 A+ 1
gimsc’idal Encoder 6 A- 9
gi(r;lés;oidal Encoder 2 B+ 3
gicr;tés_oidal Encoder 7 B- 1
I(E+n50\</)gtca:r)Power Supply 1 Up 4
I(Eglc\:j%d)er Power Supply 13 oV 2

3-4-2  Programming

Program the settings for controlling the servo amplifier and the linear motor.

1 In the SOlUtiOn EXplOrer, right-CliCk Global Type: POWER PMACCK3M  CPU: amnLS1021A  Firmware: 2.6.1,1000 Quick Launch (Ctr1+Q) pl= & x
Includes under PMAC Script Language 5 Momscr B 8 6 B i s Reitaize F Reset ¥ S <
[ Tune [A] Plot <
and select Add — New Item....

Rl 5o'ution Explorer v & x
Velocity Following Error @R o-&|p=

u 0.000000000mu/sec 0.000000000mu | Search Solution Explorer (Ctri+) L~
u 0.000000000mu/sec 0000000000mu M [ powerPMACI

4 < system

> oW U
b W Hardware
tus| MACRO Status| Motors
Coordinate Systems

rated b W Encoder

b # Clanguage
Status Description Status ~ 0l » & configuration
False 12tFault False b W Documentation
False InPos False > W Log
False InterlockStop False 4] PMAC Script Language
False Limitstop False obo
Plus MinusLimit Add 0 Newitem.. Ctrl+Shift+A
False Phasefound S
False Plustimit e —
False Softimit B New Solution Explorer View o
False SoftLimitDir & Properties Alt+Enter  jms
False SoftMinusLimit FalsE
False SoftPlusLimit False
False SpindleMotor False
False TraceCount 4 =
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2 In the Name box, type MotorControl.pmh A New e -Powe PACT

4 Installed Sortby: Default

and click the Add button. e YT B

Script Programs Header File:

Search Installed Templates (Ctri+E) P~

19pooug pue sI0jo| ayj jo dnjasg p-¢

w

3 Open the MotorControl.pmh file under
PMAC Script Language — Global
Includes in the Solution Explorer.

Bulwwesbold z-v-¢

4 Write the following text to the MotorControl.pmh file.
* For details on the annotated settings, refer to Section 4 How to Customize Various Settings on page 4-1.
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Sys.WpKey=$AAAARAAA

//Servo Task Configurations

Motor[1]

Motor[2]

.ServoCtrl=1//*1
.ServoCtrl=1//*1
.pEnc=EncTable[1l].a//*2
.pEnc=EncTable[2].a//*2
.pEnc2=EncTable[1l].a//*2
.pEnc2=EncTable[2].a//*2
.EncType=6 //*3
.EncType=6 //*3
.PosUnit=3 //*4
.PosUnit=3 //*4

EncTable[l].Type=1//*5

EncTable[2].Type=1//*5

EncTable[1l] .pEnc=Gate3[0].Chan[0].ServoCapt.a//*6
EncTable[2] .pEnc=Gate3[0] .Chan[l].ServoCapt.a//*6
EncTable[1l].ScaleFactor=1.0//*7
EncTable[2].ScaleFactor=1.0//*7

Motor[1].
Motor([2].
Motor[1l].
Motor([2].

AmpFaultLevel=1//*8
AmpFaultLevel=1//*8
FatalFeLimit=1.0//*9
FatalFeLimit=1.0//*9

//Phase Task Configurations

Motor[1]

3-24

.PhaseCtrl=4;//*10

.PhaseCtrl=4;//*10
.pPhaseEnc=Gate3[0].Chan[0].PhaseCapt.a//*11
.pPhaseEnc=Gate3[0].Chan[1].PhaseCapt.a//*11
.PhasePosSf=2048*(0.020/16384) /36//*12
.PhasePosSf=2048* (0.020/16384) /36//*12
.PhaseOffset=683//*13

.PhaseOffset=683//*13
.pAdc=Gate3[0].Chan[0] .AdcAmp[0] .a//*14
.pAdc=Gate3[0].Chan[1l].AdcAmp[0].a//*14
.AdcMask=S$FFFF0000//*15
.AdcMask=$FFFF0000//*15
.pDac=Gate3[0].Chan[0].Pwm[0].a//*16
.pDac=Gate3[0].Chan[1].Pwm[0].a//*16
.PhaseFindingDac=Motor[1].I2tSet/2//*17
.PhaseFindingDac=Motor[2].I2tSet/2//*17
.PhaseFindingTime=3000/ (2*Sys.ServoPeriod* (Sys.RtIntPeriod+1))//*18
.PhaseFindingTime=3000/ (2*Sys.ServoPeriod* (Sys.RtIntPeriod+1))//*18

Application Guide Laser Application (0052)



3 Connection Procedures

//PWM Output Configurations

Motor[1]
Motor[2]
Motor[1]
Motor[2]
Motor[1]
Motor[2]
Motor[1]
2//*22

Motor[2]
2//%22

Gate3[0]
Gate3[0]
Gate3[0].
Gate3[0]
Gate3[0]
Gate3[0]

.Chan[0]
.Chan[1]

.PwmSf=0.
. PwmS£=0.
.MaxDac=9.0*32768*C0OSD
.MaxDac=9.0*32768*C0OSD
.I2tSet=3.0*32768*C0OSD
.12tSet=3.0%32768*C0OSD(30) /11
.I2tTrip=(Motor[1l] .MaxDac*Motor[1l] .MaxDac-Motor[1l].I2tSet*Motor[1l].I2tSet)*

.Chan[0].
.Chan[1]

Chan[0]

95*16384//*19
95*16384//*19

(30)
(30)
(30)

/11.25//%20
/11.25//*20
/11.25//*21

PwmDeadTime=15//*23

.PwmDeadTime=15//*23
.PwmFregMult=2//*24
.Chan[1].

PwmFregMult=2//*24

//Current Loop Configurations
AdcAmpStrobe=Sfffffc;//*26

Gate3[0].
Gate3[0].
Gate3[0].
Gate3[0].
Gate3[0].
Gate3[0].

AdcAmpHeaderBits=2;//*27

AdcAmpClockDiv=5;//*28
AdcEncClockDiv=5//*28
Chan[0] .PackInData=0//*29
Chan[1l].PackInData=0//*29

//Sinusoidal Encoder Settings

Gate3[0].
Gate3[0].
Gate3[0].
Gate3[0].
Motor[1]
Motor[2].
Motor[1]
Motor[2]

Chan[0]
Chan[1]
Chan[0].
Chan[1]

.PosSf=0.

PosSf=0.

.AtanEna=1//*30
.AtanEna=1//*30

EncCtrl=3//*31

.EncCtrl=3//*31

020/16384//*32
020/16384//*32

.PackOutData=0//*25
.PackOutData=0//*25

.Pos2Sf=Motor[1].PosSf//*32
.Pos2Sf=Motor[2] .PosSf//*32

.25//%*21

.I2tTrip= (Motor[2] .MaxDac*Motor[2] .MaxDac-Motor[2].I2tSet*Motor[2].I2tSet) *

Right click on the Solution Explorer project
name at the upper right of the Power PMAC

IDE screen, select Build and Download
All Programs, and execute Build and

Download.

CPU: armLS1021A  Firmware: 2.6.1.1000

laxRmsCur

ad All Programs

Following Error
fsec

Jsec

Quick Launch (Ctrl+Q) P = B X
meem- \ == |Wases ann.ir
LRl Solution Explorer ~ 1 x
co@lo-a|s=

0.000000000 mu
0.000000000mu

7 Build
Rebuild
Clean

Naur Snlistinn Evnlnrar \iew

Search Solution Explorer (Ctrl +)

iware

ors
dinate Systems

I Build and Download All Programs

der

Map PMAC Variables
Export Project with IP Protection...
Export Project Template..
Compare Project
Add EtherCAT
Add EtherNet/IP
Add Macro
& cut
Unload Project
@ Open Folder in File Explorer

& Properties

Ctri+X

Alt+Enter

ige
ration
entation

ript Language
al Includes

lobal definitionspmh
lotorControl prh
matic Routines

ries

on Programs
Programs
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3 Connection Procedures

6 Make sure that there are no errors in the
Output window.

Show output from: | Build = |

Uploading pp_errar_hist.log file from the PowerPHAC.
Uploading pp_dehug.txt file from the PowsrPHAG.
Uploading and synchronizing PowerPHAC variahles

Total Project download tine = 6.14 seconds.

Total Project build and download time = 5.14 seconds.
Download successful .

A L output

7 Type the save command in the Power
PMAC IDE Terminal.

Powerl

Terminal

Output

8  Type the $$$ command in the Power PMAC
IDE Terminal.

PMAC Messages ELWINEIN Output

3-4-3

Tuning of the Current Loop

Make the tuning of the current loop of the servo amplifier.

1 Select Tools — Tune from the Delta
Tau menu to open the Tune screen.

€3 IP: 192.1680200  Type: POWER PMAC CK3M
Window  Help

Communication Setup

. PowerPMAC1 - PowerPMAC IDE 4.4.1.7 (Administrator)

fle Edit View Project Build
SO W | =

¥ Communication Setup | B=] Terminal € Position [|

Debug Tools | DeltaTau | EthercAT
~ | Debug | &
Terminal

Position

# v B X | Position

Watch
Status

Errors Display
Unsolicited Messages
Jog Ribbon

global defin| PowerPMAC Messages
Encoder Conversion Table:
Compensation Table
Update Firmware

Install Package

Device Imaging

© e« EE 00 E PR

Backup Restore

Tools

Troubleshooters

Compare

Part Managers

Scope
X Kill Motors Ctrl+Alt+K Task Manager

0.001068115 mu/sec
0,000152588 mu/sec

CPU: arm LS10]

| 2% | Mtr2MaxRmsCur
er [@] Tune [A] Plot <

2 Select Current Loop Tuning — Manual

tab page on the Tune screen.

. Tune : Online[192.168.0.200:55H]

Select Motor

whotor 2

00089999995

Integral Gain (1iGain)

Forward Path Proportional Gain (IefGain)

Back Path Proportional Gain (IphGain)

Phase Current Bias Offsets

Phase A (laBias)

UL

Phase B (IbBias)

#1 Jog/

r

| Current Loop Tuning §0pen Loap Test Position Loop Auto-tune  Position Loop Interactive To
Simple  Auto § Manual

Auto-tune «
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3 Set the following parameters. @ oy
lliGain: 0.0099999998 (Default)

'2 Open Loon Test Positon Loop Auto-tune Fositon Loop Ineractie Tunir

IpfGain: 1 (Default) e o o : | — e
IpbGain: 0 Sk Pt Prorrel G (ska) 5 N T »
. (]
Magnitude: 1,000 bits £
Gurert Step T
Dwell Time: 50 ms e — o,
Phase B (1oBis) o ] -
e/ =
(1]
=
s o
(=g
o
=
(7]
. Y
4 Click the Current Step button. ~ - ‘ ) o 3
* The current step response is dis- R — m
| Magnituss [0 ] we (2]
played. e ; | T — g
Pt o SR ) . R e ]
Phase 6 (108ias) o ]
@ PowerPMAC Tune: Motor1 Current Step: 1/14/2021 1:06:32 PM ] (m] X

File View Tocls

Motor1 Current Step: 1/14/2021 1:06:32 PM

doom Juauing ayy Jo Buun] ¢-4-¢

Actual Current Response (bils)

3 4 H (] 7
Time (ms)
Rise Time = 5.800000 ms.
Peak Time = 9.10 ms Peak Magnitude = 507.00 counts.
Overshoot = 0.60 %.Damping Ratio = 1.000

Natural Frequency = 96.04 Hz Setling Time = -1.00 ms.
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3-4-4

3-28

Adjust the lliGain and IpfGain values

to obtain the desired response charac-

teristics.

* If the rising edge response is slow,
increase the lliGain value.

* If the amount of overshooting or os-

cillation is large, increase the IpfGain

value.
* Gradually increase each of the gain
values.

® Tune  Onine{ 192.168020055H)

Sekot otor +Poskion Loop Auta-tune | Pasitin Loog Ineracthe Tuning | Pre-iter Satup Adasti Cortrl Interacie Fier Setup L(

Gurent Loop Step Parareter Setup

os Magnituce 1000 | we

Fough Phasing Magritucs 3 T

Dwell Thne 5

Phasa Currert Biss Offsste
Phase A (1aBis)
Prese B (1tBias)

#1 Owo.

e

Establishment of the Phase Reference

Establish the phase reference of the linear motor.

1

Type the #1 out 0 command in the
Power PMAC IDE Terminal.

Terminal

Type the Motor[1].IbBias=500 com-
mand in the Power PMAC IDE Termi-
nal.

| Terminal

IbBias = 500

owerPMAC Messages LR Output

Move the X axis manually to confirm

that the servo is ON.

* If the servo is not ON, gradually in-
crease the Motor[1].IbBias value.
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4 Type the Motor[1].PhasePos=0 com- Terminal
mand in the Power PMAC IDE Termi-
nal.

Motor[1].PhasePos=0|

PowerPMAC Messages =]

5 Type the Motor[1].PhaseFound=1
command in the Power PMAC IDE Ter-
minal.

w
1
H
4
(0]
-
=
©
o
=n
[
=3
(]
=
o
(=g
o
=~
[
<]
3
Q.
m
=]
2]
o
Q.
o
=

6 Type the Motor[1].IbBias=0 command Terminal
in the Power PMAC IDE Terminal.

Bunss) dooj-uadQ G-y-¢

7 Type the #1 k command in the Power
PMAC IDE Terminal.

werPMAC Messages JELUUEN Output

8 Perform steps 1 to 7 for Axis 2 (Y axis)
in the same way.

3-4-5 Open-loop Testing

Operate the linear motor on the open loop system to confirm that the program is correct.

1 Select Tools — Tune from the Delta ® Tune : Oline(192.168.0.200S5H]
Beltzat (Wi o qop Tunir n Loop Test § asition Loop Auto—tune  Position Loap Inte ractive T unin
Tau menu to open the Tune screen. W:Tsm o Loop pute-tune  Fositon Loap reereotie Turi |
Then, select Open LoopTest — Step S R
Amplituce
tab page. v 50 2 %o
Test Tive oo me
Repetitions 2 =
Open Loop Step
#1 Jogs
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2 Set the following tuning parameters.  Tone e[ 192.168020055H]

Select Motor Current Loop Tuning Oren Loop Test Position Loop Auto~tune  Position Loop Interactive Tuning Pre=filter Setup

Amplitude: 1.0%"1 Stzp Sine  Sine Sween

Open Loop Step Parameters

Test Time: 1,000 ms . ’ preres —
Repetitions: 2

| Test Time 1000 e
*1. If the motor does not rotate, set a | M :

larger value.

Open Loop Step.

# g/

#1 Outo

3 Click the Open Loop Step button. ® Tune :Onlinel192.168.0200S5H
* The motor makes a reciprocating mo- e
tion, and then the test results as RS e
shown on the right are displayed. I Fo ke
* |f the motor does not rotate, increase
the Test Amplitude value.
* Here, the test results when Test

Amplitude is set to 8.0% are shown.

Gurrent Loop Tuning Open Loop Test Position Loop Auto-tune  Position Loop Interactive Tuning

Motor 1
z Step  Sine  Sine Sweep

Test Time ms

Repetitions 2 S

Open Loop Step

#2 Kil

@ PowerPMAC Tune: Motor 1 Open Loop Step Move: 1/14/2021 207:52 PM - o X
File View Tools
Motor 1 Open Loop Step Move: 1/14/2021 2:07:52 PM

1500.00

!
|

£
:
]
H
i

-1000.00

-1500.00
1000.00 200000 300000 400000
Time (ms)

Stats Decimal Places 2 [+ v |

3-4-6  Position Loop Auto-tuning

Perform the position loop auto-tuning in the linear motor.

1 Select Position Loop Auto-tune —

® Tune : Online(192:166.020055H)

2 o

Simple tab page on the Tune screen. | e B

; b

| T Fast/Agressive of the EGT scale factor
] Enatie Feedforward

| p—— R

# g/ Encoder Resolution 2000 ots/rev

Minirmur Jooo02dii doazs _jE
Maximum i e
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2 Set the following parameters. © e curs2 1600200551

Amplifier Type: Direct PWM po——

Maximum: 1 mu (1 mm) E—

v Disl correspors o senostifiiess
Gonsistancy of auto=turing degents on the correct sattings

Siow/Robust Fost/Agressive of the EGT scai factar

[ Enstle Feedfonvars

. oz
= ‘ 3l
e
3 Click the Identify and Tune button gl
SRS Current Loop Tuning Open Loop Test Position Loop Auto-tune  Position Loop Interactive Tuning Pre-fiter Setup Adaptive Control Interactive Filter Se

Simele. Advanced

19pooug pue sI0jo| ayj jo dnjasg p-¢

Ampfir Type
Ampifer Type [Direct Pt ~]
Parformance
v Disl correspors o senostifiess
Consistency of auto=turing dagends on the correct sattings
e Fost/Agressive of the EGT scai factar

[ Enstle Feedfonvars

Recampute Gairs

# e/ Encockr Resoluton B /v
low Move Links
M (0000244130625 mu
Masimum | —

Exgort motor #1 settings to the
urent popet

4 When the screen on the right appears, ® Auto-tune Results for Motor x
CliCk the |mp|ement button. Gurrent Gains Previous Gains ~ Recommended Gains

Buiun] aAnoesayu| dooT uonisod /-y-¢

Propartional (Ko) 3000 3000 1325.08471611113
Derivative (Kvfb) 069999598 068959999 507485 66260463
Integral (Ki) 0.0020000001 0.0020000001 000030263121 T74(
Velocity feedfonward (Kuff) 0 0 0
Acceleration feedforward (Kaff) 0 0 o
Derivative Gain 2 (Kuifb) 0 0 ]
Velcity feedforward into Integrator (Kviff) o o o

Festers

Active fiter will be removed oK p—

5 Confirm that the Current Gains set- ® Auto-tune Restits for Motor x
tings reflect the Recommended Gains Current Gains Previous Geins  Recommended Gains

. Propartional (Kg) 132506471611113 000 132506471 611113
Values and CIICk the OK bUtton' Derivative (Kufh) 597465 66260483 168999909 597465 66260483
Integral (Ki) 000030263121 774( 10020000001 0000302631 21 774(
\elocity feedforward (Kuff) ) | )

Acceleration feedforward (Kaff) |

0 o
Derivative Gain 2 (Kuifb) ) | o
0 o

Velocity feedforward into Integrator [ Kuiff) )

Restore Implement

Actlve filter will be removed oK Gancel

3-4-7  Position Loop Interactive Tuning

Perform the position loop interactive tuning in the linear motor.
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1

Select Position Loop Interactive
Tuning — Step tab page on the Tune
screen.

Set the following parameters.

FeedBack Gains
Integral Gains (Ki): 0

Move Parameters
Size: 10 mu
Time: 1,000 ms

Click the Step Move button.

W

Check the step response characteris-
tics.

PowerPMAC Tune : 1 Step Move: #15 1/14/2021 6:57:14 PM [m} X |
P
File View Tools

1 Step Move: #15 1/14/2021 6:57:14 PM

2000
20000 30000 40000 50000 0.00 90000 100000
Time (ms)

Stats Decimal Plhcss 2 & v
Natural Frequency 5.88 Hz Overshoot 30.95%
Damping Rato 035 Rise Time 36.80ms
Settling Time 206.04 ms Peak Magnitude 13.17 mu
Peak Time 90.20 ms RMS Following Error 2.49

3-32
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5 AdJUSt the Proportiona' Gain (Kp) and @ PowerPMAC Tune : 1 Step Move: #148 1/14/2021 7:10:52 PM - o x

File View Tools

Derivative Gain 1 (Kvfb) values to ob-
tain the desired response characteris-
tics.

* If the rising edge response is slow,
increase the Proportional Gain (Kp)
value.

* |If the amount of overshooting or os-
cillation is large, increase the
Derivative Gain 1 (Kvfb) value.

* If the steady-state error is large, in-
crease the Integral Gain 1 (Ki) val-

w
1
H
4
(0]
(=g
=
=
o
=n
[
=3
o
=
o
(=g
o
=~
[
<]
3
Q.
m
=]
2]
o
Q.
o
=

ue. T v
° H H Natural Freauency (9.64 Hz Overshoot 0.89%
Gradually increase each of the gain |—| porshoot
Setling Time 8175 ms Peak Magnitude 10.08 mu
values. Peak Time 128.40 ms RMS Following Error 2.46

* After you adjust each parameter, fin-
ish the tuning when the value of
Natural Frequency has stopped in-
creasing.

6 Select the Parabolic Vel. tab page and Trapotory Selentinn
Set the fO||OWing parameters, Step Ram; rapezoidal Vel SCunve Sine  Sine Sweep Custom

Size: 10 mu (10 mm) Move Parar, =2
Time: 500 ms Size o
Left Axis: Velocity T - "

Right Axis: Following Error

Buiun] aAnoesayu| dooT uonisod /-y-¢

Parakolic Yelocity Mowve

7 Click the Parabolic Velocity Move but- Trajctory Selection

ton. Step  Ramp Paramlic Vel Trapezoidal Vel SCurve Sine  Sine Sweep Custom
Move Parameters
Sie .
Tirme 500 me

Parakolic Yelocity Mowve
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8

Check the parabolic response charac-
teristics of velocity.

@ PowerPMAC Tune : 1 Parabolic Move: #20 1/14/2021 6:49:45 PM

File View Tools

1 Parabolic Move: #20 1/14/2021 6:49:45 PM

Time (ms)

Stats Decimal Places 2 v

Vel. Corr 0.98 Max Fe 142

Acc. Corr -0.21 RMS Following Error 1.01

If the Following Error has a positive
correlation with the velocity, increase
the Kvff value. If it has a negative cor-
relation, decrease the Kvff value.

Command Velocity
A

» Time (ms)
Following Error (positive correlation)

A

> Time (ms)

Following Error (negative correlation)
A

> Time (ms)

3-34
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1 0 Click the Parabolic Ve|0city Move but- | ® rowermacune: 1parbolic vove: 226 171472021 71531 ot - o x

ton again.

* Repeat this operation until the
Following Error is no longer corre-
lated with the velocity.

| _File View To

ve: #26 1/14/2021 7:15:31 PM

Stats Decimal Places 2 3]

Vel. Corr |0.42 Max Fe 0.19
Acc. Corr -0.50 RMS Following Error |0.08

11 Similarly, if the Following Error has a
correlation with the Acceleration or
friction, increase or decrease the Kaff
or Kfff value.

Command Velocity
A

» Time (ms)
Following Error (positive correlation)

!

» Time (ms)
Following Error (negative correlation)
» Time (ms)
3-4-8  Tuning of the Y Axis
Make the tuning of the Y axis in the same way.
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3 Connection Procedures

1 Select Motor2 in the Select Motor area

of the Tuning screen @ Tune : Online[192.168.0.200:SSH]

Select Mator Current Loop Tuning Oy

Simple Auto  Manual
Auto—tune Parameters

Inte gral Gain (1liGain)

Forward Path Proporti

Back Path Proportion:

2 Perform the current loop turning, open-
loop testing, position loop auto-tuning,
and position loop interactive tuning pro-
cedures.

3-4-9  Confirmation of the Tuning Results

Confirm that the tuning results are correct, and reflect them in the project file.

1 Type the #1 hmz command in the Pow- Terminal
er PMAC IDE Terminal. #1 hmz
After that, type the #1 j=10 command.

owelPWAC Messages [GEulhEIN Output

2 Confirm that the X axis is moving. Also,  [&sition B D x
confirm that the value of Position #1 is Position felocity Following Error
around 10.0 in Position window. |#1 10.000703125mu -0.006866455 mu/sec -0.000716550mu

E3 284322 16320muU -0.002288818 mu,/sec 0.000000000 mu

3 Type the #1 k command in the Power Terminal E_——
PMAC IDE Terminal to stop the motor.

Messages Terminal Felliisiig

Perform steps 1 to 3 for Motor[2] as
well.

5 Open the MotorControl.pmh file under
PMAC Script Language — Global
Includes in the Solution Explorer.
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6 Add the gain settings obtained from the
tuning to the MotorControl.pmh file.

Motor[1l] .IiGain=***
Motor[2] .IiGain=***
Motor[1l].IpfGain=*x**
Motor[2] .IpfGain=***
Motor[1l].Servo.Kp=***
Motor[2].Servo.Kp=***
Motor[1l].Servo.Kvfb=***
Motor[2] .Servo.Kvfb=***
Motor[l].Servo.Ki=***
Motor[2] .Servo.Ki=***
Motor[1l].Servo.Kaff=***
Motor[2] .Servo.Kaff=***
Motor[1l].Servo.Kvff=**x*
Motor[1l] .Servo.Kfff=***

Open the pp_startup.txt file under
Configuration in the Solution Explorer.

Write the phase search commands
shown on the right.

enable plc PhaseSearch

Open the plc1.plc file under PMAC
Script Language — PLC Programs in
the Solution Explorer.

Solution Explorer
D o-a|p =

Search Solution Explorer (Ctrl+:)

=] pp_disable.txt
'51 pp_inc_disable.txt
'5] pp_inc_startup.txt
[ pp_save.cfg
=] pp_startup.txt
[ systemsetup.cfg
(4 Documentation
I Log
4 PMAC Script Language
Global Includes
Kinematic Routines
Libraries
Motion Programs

| [ pletple I

A Y ¥ T T

1 0 Add the program shown on the right to
the plc1.plc file.

open plc PhaseSearch

PO0=Sys.Time+1.0;

while (PO>Sys.Time) {};
Motor[1l].PhaseFindingStep=1;
Motor[1l].PhaseFindingStep!=0) {};
2] .PhaseFindingStep=1;

while (Motor[2].PhaseFindingStep!=0) {};

while
Motor

[
(
(
(

disable plc PhaseSearch

close

Application Guide Laser Application (0052)
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3 Connection Procedures

3-38

11

Right click on the Solution Explorer
project name at the upper right of the
Power PMAC IDE screen, select Build
and Download All Programs, and ex-
ecute Build and Download.

* You can download the gain settings
to the PMAC as a program by writing
them in the MotorControl.pmh file as
shown in steps 5 and 6.

* With the phase search commands
written in pp_startup.txt as shown in
steps 7 and 8, phase search is per-
formed automatically after the power
supply is turned ON or the CPU Unit
is reset to enable Motor[1] and Mo-
tor[2].
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3-5 Setup of Overtravel Limit Switches
and Home Positions

3-5-1  Wiring of Devices

The figures below show how to wire the CK3M to various sensors.

CK3W-AX23230
CK3W-GC2200

-1SOd 9WOH pue SaYo}IMS Wi [SARIMBAQ J0 dnjag G-¢

suon

| M- L
[y -

S8VK-512024 S8VK-S12024 EE-SX674

$801A8(] JO BULI L-G-€

Connect the EE-SX674 to the following FLAG terminals of the CK3W-AX2323N.
* PLIMO: X-axis positive overtravel limit switch

» NLIMO: X-axis negative overtravel limit switch

* PLIM1: Y-axis positive overtravel limit switch

* NLIM1: Y-axis negative overtravel limit switch

The following shows an example of wiring to the HOMEO terminal.

’ V_FLAG 0

24V _L
OVJ

Output HOME 0

3-5-2  Programming

Set up the overtravel limit switches.
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Solution Explorer -3 x
Go-a|p-=-
Search Solution Explorer (Ctrl+) Lok

1 In the Solution Explorer, right-click
Global Includes under PMAC Script ™™™
Language and select Add — New 0:000000000mu
Item....

[ PowerPMACT
System

C Language
Configuration
Documentation
Log

[

PMAC Serint | anauage

I*i:l New ltem... Ctrl+Shift+A I Add 4
P — T Scope to This

RIE!  New Solution Explorer View

b Libraries
4 Motion Prog
» PLC Programs

& Properties Alt+Enter

2  Inthe Name box, type popeT——— - B ]
i “ lseles s BT -lEEE Search Installed Templates (Ctrl+E) &P ~
SensorControl.pmh and click the Add S G |
button. Sarpt Programs eoder i
Name: [ trol.pmi]

3 Open the SensorControl.pmh file un-
der PMAC Script Language — Global
Includes in the Solution Explorer.
4 Write the text shown on the right to the  Sys.WpKey=SAAAAAAAA
SensorControl.pmh file.
* For details on the annotated settings, //Overtravel Limit Switch Configurations
refer to Section 4 How to Customize Motor[1l].pLimits=Gate3[0].Chan[0].Status.a;//
Various Settings on page 4-1. *1
Motor[2] .pLimits=Gate3[0].Chan[1l].Status.a;//
*1
Motor[1l].LimitBits=9;//*2
Motor[2] .LimitBits=9;//*2

5 Right click on the Solution Explorer

N Ht of th Solution Explorer > a

roject name at the upper right of the B

proj pperrig ; @ | o-a|p =

Power PMAC IDE screen, select Build .
Search Solution Explorer (Ctri+) ;_

and Download All Programs, and ex-
ecute Build and Download.

Rebuild

=

Jr

p

4 Clean
E New Solution Explorer View
|

Build and Download All Programs

-

4 Download All Programs

Map PMAC Variables

Export Project with IP Protection...
Export Project Template...

b Compare Project

b Add EtherCAT

Add EtherNet/IP
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6 Make sure that there are no errors in Outpue _—g
. ow output from:  Bui ~ = %
the Output window. e — A

Uploading pp_debug.tut file from the PowerPMAC.
Uploading and synchronizing FowerPMAC variables

Total Project download time = 5.187 seconds.

Total Project build and download time = 5.187 seconds.
Download successful .

| -

PowerPMAC Messages Terminal [f&0iaI03

7 Type the save command in the Power Terminal
PMAC IDE Terminal.

IAC Messages JEWINE Output

-1SOd 9WOH pue SaYo}IMS Wi [SARIMBAQ J0 dnjag G-¢

o
o
=]
(7}

8 Type the $$$ command in the Power
PMAC IDE Terminal.

Terminal

Save Completed

MRSV EEELES Terminal Feliiisis

3-5-3  Confirmation of the Settings (Overtravel Limit Switches)

Confirm that the settings of overtravel limit switches operate correctly.

(SoUOIMS JWIT [OABILIGAQ) SBUIOS BU) JO UONBUILUOD €-G-€

1 Confirm that the following variables are [y i 2~ 0 x
all 0. Command/Query av Response
* Motor[1].PlusLimit Motor[1].PlusLimit 0
e Motor[1].MinusLimit Motor[1].MinusLimit 0
. Motor[2].PlusLimit Motor[2].PlusLimit 0
* Motor[2].MinusLimit Motor{2] Minustimit 0

2 Confirm that Motor{1].PlusLimit of the

) . T ) ) Watch #- 0 x
X-axis positive overtravel limit switch is Command/Query av Response
1. IMotor[H.PIusLimit 1 |
Motor|1].MinusLimit U
Motor[2].PlusLimit 0
Motor[2].MinusLimit 0
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3 Confirm that Motor[1].MinusLimit of the Watch
X-axis negative overtravel limit switch is

B 1 x

Command/Query 4¥ Response
1. Motor[1].PlusLimit 0
IMotor[1].MinusLimit 1 |
Motor|Z].PlusLimit U
Motor[2].MinusLimit 0

4 Confirm that Motor[2].PlusLimit of the Y-

Watch #v QX
axis positive overtravel limit switch is 1. Command/Query av Response
Motor[1].PlusLimit 0
Motorl11.MinusLimit 0
[ Motori2] PlusLimit 1 |
0

| Motor[2].MinusLimit

5 Confirm that Motor[2].MinusLimit of the

Watch #vIX
Y-axis negative overtravel limit switch is Command/Query a¥ Response
1. Motor[1].PlusLimit 0
Motor[1].MinusLimit a
Motor[2].PlusLimit ]
lMotor[Z]MinusLimit 1 I

3-5-4  Setup of Home Positions

Set up the home positions.

1 Move the X axis to the home position
and type the #1 hmz command in the
Power PMAC IDE Terminal.

Terminal

TAC Messages IEIUIEIN Output
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2 Confirm that the following variables are
correctly reflected.

« Motor[1].HomePos: Home trigger po- A_Cemmand/Query 4¥ Besponsn
sition Motor[1].HomePos 2.71250000000000036
e Motor[1].HomeComplete: 1 Motor[1].HomeComplete 1

3 Move the Y axis to the home position
and type the #2 hmz command in the
Power PMAC IDE Terminal.

Terminal

-1SOd 9WOH pue SaYo}IMS Wi [SARIMBAQ J0 dnjag G-¢

suon

3

|#2i hmz

I SR Terminal

Watch £t~ 0 x

Command/Query 4¥ Response

correctly reflected.

SUOIISOd SWOH 40 dnjes H-G-¢

4 Confirm that the following variables are I

* Motor[2].HomePos: Home trigger po-
sition Motor[2]. HomePos 112.373033447265627
* Motor[2].HomeComplete: 1 Mator[2]. HomeComplete 1
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3-6 Setup of the Galvo Scanner

3-6-1  Wiring of Devices

The figures below show how to wire the CK3M to the Galvo Scanner.

~ CK3W-AX23230
L |l CK3W-GC2200

varioSCAN

IntelliSCAN

Connect the sections a and b in the above figures as follows.

a. Connection between the Controller and the Galvo Scanner
Connect the XY connector of the CK3W-GC2200 to the SL2-100 connector of the intelliSCAN with
the dedicated cable CK3W-CAGO03A.

CK3W-GC2200 IntelliSCAN

Signal Pin Signal Pin
XY-IN+ 1 >< >< DATA OUT+ 5
XY-IN- 6 DATA-OUT- 9
XY-OUT+ 2 >< >< DATA-IN+ 1
XY-OUT- 7 DATA-IN- 6

b. Connection between the Controller and the dynamic focusing unit
Connect the Z connector of the CK3W-GC2200 to the DIGITAL IN connector of the DSIB-SL with
the dedicated cable CK3W-CAGO03A.
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CK3W-GC2200 DSIB-SL

Signal Pin Signal Pin
XY-IN+ 1 X X DATA OUT+ 9

XY-IN- 6 DATA-OUT- 8

XY-OUT+ 2 X X DATA-IN+ 1

XY-OUT- 7 DATA-IN- 2

3-6-2 Programming
Program the settings of the Galvo Scanner.
1 In the Solution Explorer, right-click Global b Documentation

Includes under PMAC Script Language

and select Add — New Item.... [a vewren. s | aw

PMAC Script Language
o

» bl definitionspmh

— — S rControl.pmh
|E—J e Sl B rControl.pmh
S s
& Propertties Alt+Enter
h 13 Motion Programs.
3 PLC Programs.
Global Includes Folder Properties
2 In the Name box, type Galvano.pmh and Ad New e - PowerIACT x
. 4 Installed Sort by: | Default = 25
click the Add button. T I e g st

3 Open the Galvano.pmbh file under PMAC
Script Language — Global Includes in the
Solution Explorer.

Application Guide Laser Application (0052)
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3 Connection Procedures

Write the text shown on the right to the Gal- Sys.WpKey=SAAAAAAAA
vano.pmh file.
* For details on the annotated settings, re- //SL2-100 Configurations
fer to Section 4 How to Customize Vari- Gate3[1].SerialEncCtrl=5$82800//*1
ous Settings on page 4-1.
//Servo Task Configurations
Motor[3].ServoCtrl=1//*2
Motor[4] .ServoCtrl=1l//*2
Motor [5] .ServoCtrl=1//*2
Motor[3].Ctrl=Sys.PosCtrl//*3
Motor[4].Ctrl=Sys.PosCtrl//*3
Motor[5] .Ctrl=Sys.PosCtrl//*3
Motor[3].MaxSpeed=0;//*4
Motor[4] .MaxSpeed=0;//*4
Motor [5] .MaxSpeed=0;//*4

//Motor Output Configurations

Motor[3] .MaxPos=0//*5

Motor[4] .MaxPos=0//*5

Motor[5] .MaxPos=0//*5

Motor[3] .MinPos=0//*6

Motor[4] .MinPos=0//*6

Motor[5] .MinPos=0//*6

Motor [3] .pDac=Gate3[1].Chan[0].Dac([0].a//*7
Motor[4] .pDac=Gate3[1].Chan[1l].Dac[0].a//*7
Motor [5] .pDac=Gate3[1].Chan[2].Dac[0].a//*7
Motor[3] .pLimits=0//*8

Motor[4] .pLimits=0//*8

Motor[5] .pLimits=0//*8
Motor[3].FatalFeLimit=0//%*9

Motor[4] .FatalFeLimit=0//*9

Motor[5] .FatalFeLimit=0//*9

//Encoder Input Configurations
Motor [3] .pEnc=EncTable[3].a//*10
Motor[4] .pEnc=EncTable[4].a//*10
Motor [5] .pEnc=EncTable[5].a//*10
Motor[3] .pEnc2=EncTable[3].a//*11
Motor[4] .pEnc2=EncTable[4].a//*11
Motor [5] .pEnc2=EncTable[5].a//*11
EncTable[3].Type=1//*12
EncTable[4] .Type=1//*12
EncTable[5].Type=1//*12
EncTable[3] .pEnc=Gate3[1].Chan[0].SerialEncDataA.

a//*13
EncTable[4] .pEnc=Gate3[1l].Chan[l].SerialEncDataA.
a//*13
EncTable[5] .pEnc=Gate3[1l].Chan[2].SerialEncDataA.
a//*13

EncTable[3] .ScaleFactor=1/4096//*14
EncTable[4] .ScaleFactor=1/4096//*14
EncTable[5].ScaleFactor=1/4096//*14

//Enable Motor 6
Motor[6].ServoCtrl=1//*2
Motor[6] .pDac=Sys.Udata[0].a
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5 Right click on the Solution Explorer project
name at the upper right of the Power PMAC
IDE screen, select Build and Download
All Programs, and execute Build and
Download.

Solution Explorer >4
@ o-alp-=

Search Solution Explorer (Ctrl+3)

& Build
Rebuild e
Clean und Programs

= New Salifinn Fynlorar View

I Build and Download All Programs I;
proreE=—— & Routines
Map PMAC Variables pucy
iode.h

Export Project with IP Protection... on

Export Project Template... ation

Compare Project

Add EtherCAT fiLng1agE
ncludes

i al definitions.pmh

Add Macro jorControl.pmh

& cut Ctrl+X sorControl.pmh

ano.pmh

Unload Project

(sd Open Folder in File Explorer

Properties Alt+Enter ct Properties

6 Make sure that there are no errors in the
Output window.

Show output from: Build
Uploading pp_error_hist.log file from the PowerPMaL.
Uploading pp_debug.ixt file from the FowerPHAC.
Uploading and synchranizing PoverPHAC variahles
Total Project download time = § seconds.

Total Project build and download time = B seconds.
Download successful .

PowerPMAC Messages Terminal [[elliellig

3-6-3  Setup of Control Commands

Set the feedback signal of the Galvo Scanner to the current position.

1 Type the

Motor[3].pDac=Sys.Udata[0].a com-
mand in the Power PMAC IDE Termi-

nal.

Terminal

‘M otor[3].pDa c::Sys_Udala[U]_a\

2 Type the

Motor[4].pDac=Sys.Udata[0].a com-
mand in the Power PMAC IDE Termi-

nal.

Terminal

|Motor[4}.pDac=Sys.Udata[O]_a

Application Guide Laser Application (0052)
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3 Connection Procedures

3 Type the
Motor[5].pDac=Sys.Udata[0].a com-
mand in the Power PMAC IDE Termi-

nal.
||M0t0 t[5] pDac=Sys. Udatal0]al
4  Type the Gate3[1].SerialEncCtrl= —
$8E800 command in the Power PMAC
IDE Terminal.
|Gate3[1] SerialEncCtri=$8E800]
5 Type the Terminal

Gate3[1].Chan[0].Dac[0]=-206353203
2 command in the Power PMAC IDE
Terminal.

|Gatea).Chan[0] Dac|0]=-2063532032]

6 Type the Terminal
Gate3[1].Chan[1].Dac[0]=-206353203

2 command in the Power PMAC IDE
Terminal.

|Gate3[1).Chan[1].Dac[0]=-2063532032
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7 Type the Terminal
Gate3[1].Chan[2].Dac[0]=-206241792 |

0 command in the Power PMAC IDE
Terminal.

[Gate3[1].Chan[2] Dacl0]=-2062417920

8 Type the $$$ command in the Power
PMAC IDE Terminal.

Terminal

w
i
(=]
[
1]
(=g
c
©
o
=n
—*
=3
®
()
2
<
o
(7]
(2]
Q
=}
=3
[}
=

3-6-4  Confirmation of the Settings

sBuIeS Y} JO UOHBULIUOD 1-9-€

Confirm that the settings of the Galvo Scanner are correct.

1 Type the #3 j=65536 command in the e
Power PMAC IDE Terminal.

l#3 j-6553¢]

2 Confirm that Gate3[0].Chan[0].Serial- Terminal
EncDataA=65536 or so is displayed.

e3[1].Chan[0].SenalEncDataA=65536
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3 Type the #4 j=65536 command in the
Power PMAC IDE Terminal.

Terminal

¢4 j=65536

4 Confirm that Gate3[1].Chan[1].Serial-
EncDataA=65536 or so is displayed.

Terminal

Gate3[1].Chan[1].SerialEncDataA=69632

5 Type the #5 j=65536 command in the
Power PMAC IDE Terminal.

Terminal

I#5 j=65534]

6 Confirm that Gate3[0].Chan[2].Serial-
EncDataA=65536 or so is displayed.

3-6-5

Verification of the MOTF on the Actual Machine

Confirm that the settings of the MOTF are operating correctly on the actual machine.

1 Type the &1 start 1 command in the
Power PMAC IDE Terminal.

Terminal

&1 start 1

2 Confirm that the linear motors and Gal-
vo Scanner for the X and Y axes oper-
ate in synchronization.
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3-7 Setup of the Laser Oscillator

3-7-1  Wiring of Devices

The figures below show how to wire the CK3M to the laser oscillator.

- CK3W-AX23230]
L [ CK3W-GC2200

103e(19sQ Jase] ayj jo dnjag J-¢

3
rh
© Blo

I~

*—

w

N

=

[ 3

S8VK-S12024 S8VK-G03005  G3RV-SR500-D MFP o
DC24 =

]

Connect the GPIO terminal of the CK3W-AX2323N to the MFP as shown below.
« OUT 0: Pin 5 of the MFP

e OUT 1: Pin 6 of the MFP

¢ OUT 2: Pin 7 of the MFP

* OUT 3: Pin 8 of the MFP

« OUT 4: Pin 9 of the MFP

e OUT 5: Pin 18 of the MFP

« OUT 6: Pin 22 of the MFP

Connect the LASER terminal of the CK3W-GC2200 to the MFP as shown below.
« OUT 0: Pin 20 of the MFP
e OUT 1: Pin 21 of the MFP

3-7-2  Guide Laser Output

Confirm that the guide laser light is output correctly.

1 In the Solution Explorer, right-click b Documentation
Global Includes under PMAC Script f Fﬁc‘s“.puangme
Language and select Add — New |2 reven. cusniten | Ao E e
Iltem.... e i e st i

& Properties Alt+Enter

13 Motion Programs
b PLC Programs

Properties
Global Includes Folder Properties
T

2 In the Name box, type
LaserDefinitions.pmh and click the Add
button.
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3-52

In the Solution Explorer, open the ptr LaserPower->Gate3[0].GpioData[0].16.4
LaserControl.pmh file under PMAC ptr LaserLatch->Gate3[0].GpioData[0].20.1
Script Language — Global Includes ptr MasterOscillator->Gate3[0].GpioData[0].21
and add the text shown on the right. .1

ptr GuidelLaser->Gate3[0].GpioData[0].22.1

Type the GuideLaser=1 command in Terminal
the Power PMAC IDE Terminal and
confirm that guide laser light is output.

IGuidaLasar=1|

Type the #3 j=0 command in the Power Termfie]
PMAC IDE Terminal and confirm that
Gate3[1].Chan[0].SerialEncDataA=0 or
so is displayed.

Watch v 0 x

Command/Query 4v Response

Gate3[1].Chan[0].SerialEncDataA \
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6 Type the #4 j=0 command in the Power
PMAC IDE Terminal and confirm that
Gate3[1].Chan[1].SerialEncDataA=0 is
displayed.

Terminal

||#4j=0||

Watch v 0 X

Command/Ouerv oV Resnonse

103e(19sQ Jase] ayj jo dnjag J-¢

I Gate3[1].Chan[1].SerialEncDataA  -4096 |

Confirm that the guide laser light is out-
put to the center of the XY table.

Type the #5 j={Position} command in
the Power PMAC IDE Terminal and
confirm that the spot diameter of guide
laser light is appropriate.

9 Type the GuideLaser=0 command in Terminal
the Power PMAC IDE Terminal and
confirm that guide laser light is not out-
put.

Bulwwesbold g-/-¢

!GuideLa ser:d
]

3-7-3  Programming

Program the settings of the laser oscillator.

« anguage
b Configuration

> Documentation
> i Log
4 PMAC Script Language

1 In the Solution Explorer, right-click Global
Includes under PMAC Script Language

and select Add — New Item.... = o ; e
] New ltem... Ctrl +Shift+A lobal definitionspmh
Scope to This JotorControl.pmh
J
B New Solution Explorer View TEaiEantiol g
atic Routines
& Properties Alt+Enter |

3 Motion Programs
b W PLCPrograms
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2 In the Name box, type LaserControl.pmh
and click the Add button.

Add New ltem - PowerPMAC1 ? X

4 Installed Sort by: Default

Search Installed Templates (Ctri+E) P ~
Script Programs Header

"% g Header File Script Programs Header Type: Script

Script Programs Header File:

Add Cancel

3 In the Solution Explorer, open the
LaserControl.pmh file under PMAC Script
Language — Global Includes and add the
text shown on the right.

* For details on the annotated settings, re-
fer to Section 4 How to Customize Vari-
ous Settings on page 4-1.

Sys.WpKey=SAAAAAAAA

//Q-Switch Configurations
Gate3[1].Chan[0].CompA=$8000D000//*1
Gate3[1].Chan[1l].CompA=$0//*2

//Laser Output Configurations
Gate3[1].Chan[2].CompA=SFFF00//*3

4 In the Solution Explorer, right-click the
Realtime Routines file under C Language
and select User servo setup.

[ 4 LPLLS
b Include
Libraries

gl Realtime Routines

G * D usrcodec
Scope to This [ usrcodeh
New Solution Explorer View figuration
umentation
£ pronerties Alt+FEnter
I User servo setup I i
Realtime Routines Folder Properties
5 Click the Add a New Function button. @ User Servo Setup _ - <

Please select a Motor Number to associate with a User Servo or
User Phase routine.
Motor Number-

Motor O ~ User Servo:
Maotor 1 ‘

Motor 2

Motor 3
Motor 4
Motor 5 .
Motor & User Phase:

Mator 7 57 V|

Clear All Add A Mew Function Apply

6 Type CalcTableBasedCompare and click
the Apply button.

@ Add User Servo Functi.. — O X

Mew User Servo CalcT able BasedCompare|

Apply
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7 Select Motor 6, and then select @ User Servo Setup _ O «
CalcTableBasedCompare from the User
Servo list. Please select a Motor Number to associate with a User Servo or

User Phase routine.
Motor Number:

User Servo:
| ~

user_pid_ctrl
user_phase
CaptComplSR

Clear All Add A Mew Function Apply

8 Click the Apply button. @ User Servo Setup _ O >

103e(19sQ Jase] ayj jo dnjag J-¢

Please select a Motor Number to associate with a User Servo or

User Phase routine.
Motor Number:

w

&

User Phase: N

v| w

o

3

Clear All Add A Mew Function Apphy %

3

=l

a
9 In the Solution Explorer, click the static double X 0ld=0;
usercode.c file under C Language — static double Y 0ld=0;

Realtime Routines and add the functions static double SumDistance=0;

shown on the right.
double CalcTableBasedCompare (struct MotorData*Mpt

r)

{

volatile GateArray3 *MySecondGate3IC;
MySecondGate3IC=GetGate3MemPtr (1) ;

double X now;

X now=pshm->Motor[1l].DesPos+pshm->Motor[3].DesPo
S;

double Y now;

Y now=pshm->Motor[2].DesPos+pshm->Motor[4].DesPo
S;

double distance;
distance=sqgrt ((X old-X now) * (X old-X now)+ (Y old
-Y now) * (Y old-Y now));

if (DistanceCountOn) SumDistance+=distance;

X old=X now;
Y old=Y now;
MySecondGate3IC->Chan[0] .CompB=SumDistance;

return 0;

}
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10

In the Solution Explorer, right-click Global
Includes under PMAC Script Language
and select Add — New Item.... In the Name
box, type TCRConfigurations.pmh and click
the Add button.

ode_

&4 Build
Rebuild
Clean

B New Solution Explorer View
Build and Download All Programs
Download All Programs
Map PMAC Variables
Export Project with IP Protection...
Export Project Template...
Compare Project
Add EtherCAT
Add EtherNet/IP
Add Macro

&% cut
Unload Project

(<4 Open Folder in File Explorer

& Properties

Ctrl+X

Alt+Enter

Al Solution Explorer
@ o-a|p -

Search Solution Explorer (Ctrl+)

uage
kground Programs
Cs

ude

aries

Itime Routines
usrcode.c
usrcodeh
uration
jentation

roject Properties

PowerPMACI.ppproj
C¥Users¥010160080¥Dacu
Buffers (buffer size in MegaBytes)

ffer 16

11

Write the text shown on the right to the

TCRConfigurations.pmh file.

* For details on the annotated settings, re-
fer to Section 4 How to Customize Vari-
ous Settings on page 4-1.

global DistanceCountOn
Gate3[1].Chan[1l].CompB=50.0*1.414//*1
Gate3[1l].Chan[l].CompB=50.0*1.414+400//*2
//Gate3[1].Chan[1l].CompB=****
Gate3[1].Chan[2].CompB=$80000000//*3

12

Right click on the Solution Explorer project

Solution Explorer >
name at the upper right of the Power PMAC f @ o-a| &=
IDE screen, select Build and Download Search Solution Explorer (Ctrl+) £
All Programs, and execute Build and & el |
Download. Rebuild
Clean d Programs
@ New Solution Explorer View
I Build and Download All Programs I
Download All Programs outines
Map PMAC Variables e.c
Export Project with IP Protection... eh
Export Project Template... -
Compare Project
Add EtherCAT e
Add EtherNet/IP
Add Macro Properties
&6 cut Crl+X
Hilcud Bie PowerPMAC1.ppproj
e Open Folder in File Explorer C¥Users¥010160080¥Docu
# Properties Alt+Enter [ (b"'ff?:ilem Bicabatey)
1 3 Make sure that there are no errors in the Output
Output window. Show output from: | Build et | E |t

Uploading pp_error_hist-log file trom the FowerFMAL.
Uploading pp_debuz.txt file from the PowerPHAC.
Uploading and synchronizing PowerPMAC variahbles

Total Project download time = 5.278 seconds.

Total Project build and download time = 23.01 seconds.
Download successful .

PowerPMAC Messages Terminal [{@llislid

3-7-4
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Setup of the Laser Oscillator

Set up the power of the laser oscillator and make preliminary preparations for laser output.
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Confirm that the emergency stop push-
button switch is OFF.

2 Type the LaserPower=$1 command in
the Terminal.

Terminal

||La serPower=51

w
1
S
(7]
]
(=g
[=
©
o
=
-~
=3
(]
-
QO
[
]
=
O
"
Q.
o
-
(<]
=

3 Type the LaserLatch=1 command in
the Terminal.

LaserLatch=1

4 Type the MasterOscillator=1 com-
mand in the Terminal.

Terminal

JojeyliosQ JoseT sy} Jo dnjes p-/-¢

|‘Ma sterOscillator=1

5 Type the Gate3[1].Chan[2].CompB= Terminal
$C000000 command in the Terminal.

[Gate3[1].Chan[2] CompB=5C000000]

6 Confirm that the laser light is output.

7  Type the Gate3[1].Chan[2].CompB=$0 [
command in the Terminal.

I||Gata.‘3[1].Chan[2].CompB=$U |

Application Guide Laser Application (0052) 3-57



3 Connection Procedures

3-7-5

Confirmation of the Settings

Confirm that the settings in this document are made correctly, by checking whether the processing is

actually available.

1 Open the prog1.pmc file under PMAC
Script Language — Motion Programs
in the Solution Explorer.

Solution Explorer > o x
@ o-8p -
Search Solution Explorer (Ctri+3) P~

™ PowerPMAC4

System

C Language
Configuration
Daocumentation

Log

PMAC Script Language

AT T T T T

Global Includes

b
4 Kinematic Routines
4 Libraries

4

Motion Programs

@ progl.pmc

b PLC Programs

Write the program to use for processing
to the prog1.pmc file.

Right click on the Solution Explorer
project name at the upper right of the
Power PMAC IDE screen, select Build
and Download All Programs, and ex-
ecute Build and Download.

Solution Explorer >R x
co@|o-8 L=
Search Solution Explorer (Ctrl +) P~

[ PowerPMACA

b Systern &5 Build
4 C Language Rebuild
b Configuration Bian
b Documentation :
b Log & New Solution Explorer View
4 PMAC Script La Build and Download All Programs I
b Global Incluc vownload All Programs
b Kii tic R
NEMATCRA  Map PMAC Variables
b Libraries
i Motion Progr Export Project with IP Protection...
[ progl.pm Export Project Template...

b PLC Program Compare Project

Add EtherCAT
Add EtherNet/IP

Add Macro
& Cu Ctrl+X
Unload Project
e Open Folder in File Explorer
& Properties Alt+Enter
4  Make sure that there are no errors in Output
the Output window. Show output from: | Build =

* [f the transfer failed, check the con-
tent of the error in the Output win-
dow.

Please wait while loading the project.

Uploading pp_error.log file from the PowerPMAC.
Uploading pp_proj.log file from the PowerPMAC.
Uplnading pp_error_hist.log file from the PowerPHAG.
Uploading pp_debuz.txt file from the PowerPMAC.
Uploading and synchronizing PowerPMAC variahles

Total Project download tine = 6.625 seconds.

Total Project build and download tine = 46.143 seconds.
Download successful .
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5 Type the save command in the Power

Terminal

PMAC IDE Terminal. Saving To Flash: Mounting the flash
* When the save is completed, "Save
Completed" is displayed in the Termi-  |SEREMEEEEE LR NERIESY -
1
4
nal. mpleted 7]
o
c
©
o
=4
[
=3
)
-
[V
o
6 Type the &1 start 1 command in the Terminal o
. n
Power PMAC IDE Terminal. Saving To Flash: Mounting the flash g
o
-
Saving To Flash: Finished SAVING to flash 91

Save Completed

|&1 start 1|

7 Confirm that the processing is complet-
ed correctly.

@
Iy
a
9]
o
=}
=h
=
3
)
=
o
=}
o
=
=
>
()
w
()
=
>
«Q
[
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How to Customize Various Set-

tings
]

This section describes how to customize various settings.

4-2
4-3
4-4
4-5
4-6
4-7

globaldefinitions.pmh ... ————— 4-2
MotionONTheFIly.pmN......ccooii e s 4-3
MotorControl.pmA ... 4-4
SenSOrControl.PMNh....... e 4-7
Galvano.pM ... e 4-8
LaserControl.pmh ... s annmnnn s 4-10
TCRConfigurations.pmh.......c.irii e e 4-11
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4 How to Customize Various Settings

4-1

globaldefinitions.pmh

This file contains various clock and task period settings.

No.

Parameter

Description

*1

Coord[1].SegMoveTime

Specify the interpolation time period in ms for circular interpolation,
etc. of the trajectory. The smaller this value, the closer to the exact
trajectory, but the larger the computation load on the CPU due to the
increase in the amount of computation.

*2

Gate3[0].PhaseFreq

Specify the frequency of the phase clock. The larger this value, the
more accurate the processing of current loops, etc., but the larger
the computation load on the CPU due to the increase in the amount
of computation.

*3

Gate3[0].ServoClockDiv

Specify the division ratio of the servo clock. The smaller this value,
the more accurate the processing of position loops, etc., but the larg-
er the computation load on the CPU due to the increase in the
amount of computation.

The servo clock frequency is determined as follows according to the
set value.

Servo clock frequency

= Phase clock frequency / (Gate3[0].ServoClockDiv + 1)

*4

Sys.PhaseOverServoPeriod

Set the value calculated as follows.
Sys.PhaseOverServoPeriod
=1/ (Gate3[0].ServoClockDiv + 1)

*5

Sys.ServoPeriod

Set the value calculated as follows.
Sys.ServoPeriod
=1000 * (Gate3[0].ServoClockDiv + 1) / Gate3[0].PhaseFreq

*6

Gate3[x].PhaseServoDir

Specify the unit that supplies the phase clock and the servo clock.
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4-2 MotionOnTheFly.pmh

This file contains the settings for the MOTF.

No. Parameter Description

*1 KdgainX Specify the filter’s coefficient to use for the MOTF for the X axis. The
smaller this value, the larger the operating range of Galvo Scanner.
A higher-speed response can be made by setting this value to such

a small value as can make the most of the range that the Galvo E
Scanner can control. )
*2 KdgainY Specify the above filter’s coefficient for the Y axis. %
*3 GalvoSfX Specify the galvano motor command position (bit) relative to the trav- 5
el distance of the laser along the X axis (in the command unit sys- %
tem). (Unit: bit‘command unit) 3
*4 GalvoSfY Specify the above value for the Y axis. §-
*5 &1 Axes 1, 2, 3, and 4 are assigned to coordinate system 1 as inverse
#1->1; kinematics axes. To change the axis numbers or assign other axes to
#2->1; the coordinate system, add this block.
#3->1;
#4->1;
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4-3 MotorControl.pmh

This file contains the settings for linear motor control.

No.

Parameter

Description

*1

Motor[x].ServoCitrl

For axis x that uses servo control, set this to 1. In this manual, six
axes are used. However, to use more axes, also set Motor[y].Ser-
voCitrl (y > 6) to 1.

*2

Motor[x].pEnc, Motor[x].pEnc2

Specify the encoder table to be referenced in loop feedback for axis
X. In this manual, the encoder table with the same index as the axis
is assigned.

*3

Motor[x].EncType

Specify the encoder type for axis x. In this document, 6 is specified
to use a sinusoidal encoder.

*4

Motor[x].PosUnit

Specify the command unit for axis x. In this manual, this is set to 3 to
use mm as the unit.

*5

EncTable[x]. Type

Specify the calculation method for each encoder table. In this man-
ual, this is set to 1 to read 32-bit feedback values.

*6

EncTable[x].pEnc

Specify the register to be referenced by encoder table x. In this man-
ual, feedback values that are calculated by the CK3W-AX2323N Unit
are obtained.

*7

EncTable[x].ScaleFactor

Specify 1/28 as the conversion factor to obtain 24-bit data from the
CK3W-AX2323N Unit in each 32-bit encoder table.

*8

Motor[x].AmpFaultlevel

Set whether to set the amplifier fault level to High active or Low ac-
tive. In this manual, this is set to High active.

*9

Motor[x].FatalFeLimit

Specify the amount of following error that stops operation at the axis
x. To improve safety, set a smaller value. Contrarily, if any following
error prevents operation from starting, set a larger value.

*10

Motor[x].PhaseCtrl

For axis x that use a current loop, set this to 4. In this manual, the
Direct PWM control method is used for the XY stage. However, to
use analog voltage control or EtherCAT control, set this to 0.

11

Motor[x].pPhaseEnc

Specify the register from which to obtain the feedback position of
each motor.

*12

Motor[x].PhasePosSf

Specify the conversion factor to convert the current position obtained
in No. 11 into an electrical angle (0 to 2048). Specifically, this is cal-
culated based on the following formula.

2048xA

PhasePosSf=

Here, A represents the length per pulse of Gate3[0].Chan[x].Phase-
Capt. It is 0.02/16384 since one cycle of a sine wave is 0.02 mm for
the LIDA48 and the number of divisions of interpolation is 16384 for
the PMAC.

Also, B represents the length per rotation of the motor in electrical
angle. It is 36 since the ECL (Electrical Cycle Length) of the linear
motor used in this manual is 36 mm.

*13

Motor[x].PhaseOffset

Specify the phase difference in the electrical angle (0 to 2048) of
each phase motor. For a three-phase motor, set this to 683 or -683.

*14

Motor[x].pAdc

Specify the register in which to read feedback current values from
the servo amplifier. In this manual, the feedback values read from the
Direct PWM interface are used.
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No.

Parameter

Description

*15

Motor[x].AdcMask

Specify which bits of the register in No. 14 you want to use for feed-
back values. Set this value according to the specifications of the AD
converter for reading current values that is installed in the servo am-
plifier.

*16

Motor[x].pDac

Specify the start address of the register to which to write the com-
mand output of the Controller. Here, the U-phase
(Gate3[0].Chan[0].Pwm][0]) at the start of the register is specified
since the register of the CK3W-AX2323N for U-, V-, or W-phase out-
put is the output destination.

*17

Motor[x].PhaseFindingDac

Specify the output volume during phase reference search. If phase
reference search is not completed, increase the value of this param-
eter since the output volume may be insufficient. Also, if an 12TFault
status error occurs during phase reference search, decrease the val-
ue since the output current has exceeded the rated value.

*18

Motor[x].PhaseFindingTime

Specify the duration of time in phase reference search. If phase ref-
erence search is not completed, increase the value of this parameter.
Also, if an I2TFault status error occurs during phase reference
search, decrease the value since the output current has exceeded
the rated value.

ywd-|oJ3u09I00 N £

*19

Motor[x].PwmSf

Specify the coefficient of Direct PWM output. The full range is 16384.
This is normally set to less than 95% of the full range so that the duty
cycle of the PWM waveform does not reach 100%.

Set the parameter value according to the specifications of the servo
amplifier in use.

*20

Motor[x].MaxDac

Specify the rated continuous current value of each motor and the
servo amplifier. This is calculated based on the following formula.

cos30° x 32,767 x Rated continuous current

MaxDac =
Full range of feedback current

Here, the rated continuous current of the servo amplifier is used
since it is smaller than that of the motors used for both the X and Y
axes.

CDHD-0032APB0: 9 A rms

INC-5716D0-0S: 9.88 A rms

INC-5723D0-0S: 14.82 A rms

Also, the full range of feedback current is 11.25 Arms based on the
specifications of the CDHD-0032APBO.

*21

Motor[x].12tSet

Specify the rated short-time current value of each motor and the ser-
vo amplifier. This is calculated based on the following formula.

cos30° x 32,767 x Rated short-time current
12tSet =

Full range of feedback current

Here, the short-time rated current of the servo amplifier is used since
it is smaller than that of motors used for both the X and Y axes.
CDHD-0032APB0: 3 A rms

INC-5716D0-0S: 3.08 A rms

INC-5723D0-0S: 4.62 A rms
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4-6

No.

Parameter

Description

*22

Motor[x].12tTrip

Specify the allowable time for the rated short-time current value of
each motor and the servo amplifier. This is calculated based on the
following formula. The allowable time is 2 seconds based on the
specifications of the CDHD-0032APBO0.

[2tTrip = (MaxDac? + |[dCmd? - 12tSet?) x Allowable time (s)

*23

Gate3[0].Chan[x].PwmDeadTime

Specify 800 nanoseconds as the dead time of the PWM signal. The
dead time is calculated by the following formula.

DeadTime = 0.0533 ps x Gate3[0].Chan[x].PwmDeadTime

Set this value according to the specifications of the servo ampilifier.

*24

Gate3[0].Chan[x].PwmFregMult

Set the PWM output frequency to 15 kHz. The PWM output frequen-
cy is calculated by the following formula.

PwmFregMult + 1

o= 5 x Phase frequency

Set the PWM frequency to 40 kHz or less according to the maximum
input frequency of the servo amplifier.

*25

Gate3[0].Chan[x].PackOutData

Enable the compression format to realize a highly efficient algorithm
that completes writing to the output register for the U, V, or W phase
in two times.

If you use the CK3W-AX2323N, do not change this value.

*26

Gate3[0].AdcAmpStrobe

Specify the ADC strobe word (control command sent from the Con-
troller to the servo amplifier according to the Direct PWM standards).
Change this value according to the specifications of the servo ampli-
fier.

*27

Gate3[0].AdcAmpHeaderBits

Specify the number of header bits included in feedback current value
data. Change this value according to the specifications of the servo
amplifier.

*28

Gate3[0].AdcAmpClockDiv

Specify the clock signal frequency of the AD converter that reads
current data in the servo amplifier.

*29

Gate3[0].Chan[x].PackinData

Enable the compression format to realize a highly efficient algorithm
that completes reading from the input register for the U, V, or W
phase in two times.

If you use the CK3W-AX2323N, do not change this value.

*30

Gate3[0].Chan[x].AtanEna

Enable this if you use a sinusoidal encoder. If you use a pulse en-
coder or serial encoder, set it to 0.

*31

Gate3[0].Chan[x].EncCitrl

Set the decoding method of the encoder. In this manual, quadruple
AB-phase CW decoding is set.

*32

Motor[x].PosSf, Motor[x].Pos2Sf

Specify the conversion factor between the feedback value calculated
by the Axis Interface Unit and the command position.

This is set to 0.020/16384 since the pulse count per cycle is 16834
when a sinusoidal encoder is used and one cycle is 0.020 mm for the
sinusoidal encoder.
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4-4 SensorControl.pmh

This file contains the settings for overtravel limit switches.

No. Parameter Description

*1 Motor[x].pLimits Specify the register to be referenced by the overtravel limit switch.

*2 Motor[x].LimitBits Specify which bits of the register (No. 1) are to be referenced by the
overtravel limit switch.

ywd-jonuoniosuss p-f
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4-5 Galvano.pmh

4-8

This file contains the settings for controlling the Galvo Scanner.

No. Parameter Description

*1 Gate3[1].SerialEncCtrl Set this according to the figure below.

*2 Motor[x].ServoCitrl For axis x that uses servo control, set this to 1. In this manual, six
axes are used. However, to use more axes, also set Motor[y].Ser-
voCitrl (y > 6) to 1.

*3 Motor[x].Ctrl For galvano control, set this to Sys.PosCtrl since it performs position
control.

*4 Motor[x].MaxSpeed Specify the maximum velocity of galvano control. This time, specify 0
to disable the maximum velocity monitor.

*5 Motor[x].MaxPos Specify the maximum value of the command position for galvano
control. This time, specify 0 to disable it.

*6 Motor[x].MinPos Specify the minimum value of the command position for galvano con-
trol. This time, specify 0 to disable it.

*7 Motor[x].pDac Specify the start address of the register to which to write the com-
mand output of the Controller. Here, specify Gate3[1].Chan[x].Dac[0]
since the register of the CK3W-GC2200 for XY output is the output
destination.

*8 Motor[x].pLimits Set the overtravel limit of galvano control. This time, specify 0 to dis-
able it.

*9 Motor[x].FatalFeLimit Specify the amount of following error that stops operation at the axis
x. Specify 0 because Galvo Scanner disables this setting.

*10 | Motor[x].pEnc Specify the encoder table to be referenced in position loop feedback
for axis x. In this manual, the encoder table with the same index as
the axis is assigned.

*11 Motor[x].pEnc2 Specify the encoder table to be referenced in velocity loop feedback
for axis x. In this manual, the encoder table with the same index as
the axis is assigned.

*12 | EncTable[x].Type Specify the calculation method for each encoder table. In this man-
ual, this is set to 1 to read 32-bit feedback values.

*13 | EncTable[x].pEnc Specify the register to be referenced by encoder table x. In this man-
ual, the linear interpolation values calculated by the CK3W-GC2200
Unit are output.

*14 | EncTable[x].ScaleFactor

Specify 1/212 as the conversion factor to obtain 20-bit SL2-100 data
in each 32-bit encoder table.
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4-5 Galvano.pmh '

o | o
— | O
N | O
™M | O
< | o
0| o
Reserved |© |© _
N~ | O
0 | O
o | O
Qlo
Tx_Vald |& |+~ Validate Tx data
TriggerEdge| & | © Rising Edge
Dl —
Control_Bits| ¥ | o Command Position
Wio
Sync Clo Asynchronous Mode
ClockSel |~ |o Phase Clock
Reserved |2 | o [
TxEnable |2 |+~ Enable TX of SL2-100
Qle
~ e
INEES]
Qle
Jle
Wlio
Reserved m S I
Nle
K=
Qe
S|o
=)

For Command Position

o | o
— | O
AN O
™| O
< | o
0| o
Reserved |© | © _
N~ )| O
o | O
> | O
Qo
Tx_Vald |& |~ Validate Tx data
TriggerEdge| & | © Rising Edge
Q|-
Control_Bits| I | — Control Commands
-
Sync Clo Asynchronous Mode
ClockSel |=|o Phase Clock
Reserved | ¥ | o _
TxEnable |2 |+~ Enable TX of SL2-100
Qle
~N| o
NEES)
Qle
NS
Wlo
Reserved m S I
Nle
Qle
Qle
Slo
» | o

For Control Commands

Application Guide Laser Application (0052)



4 How to Customize Various Settings

4-6 LaserControl.pmh

This file contains the settings for controlling the laser oscillator.

No. Parameter Description
*1 Gate3[1].Chan[0].CompA Set this according to the figures below.
*2 Gate3[1].Chan[1].CompA Set the delay time of SL2-100 communications data to the internal
clock of the PMAC. In this manual, this is set to 0.
*3 Gate3[1].Chan[2].CompA Set this according to the figures below.
0
g = 2
g = :
3 g 3
® S Q
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
1/0(0(0f(0O|O|O|O|0O]|0O]|O]|O 111(0(1(0 0 0
8 0 0 0 D 0 0 0
g -
g =
< Y
Py &
(V] c
5 2
1 2
o "
o w
X S
=
I
N

Settings of Gate3[1].Chan[0].CompA

o o o
(o) & @
(2] o) w
D o) (0]
3 S 3
a S a
31]30[20[28[27(26[25[24]23[22[21]20[19]18]17[16[15]14[13[12[11][10] o [8 | 7 [6 [ 5 | 4
olofolololo]olololololol1 11111 [1]1]1]1 0 0
0 0 0 F F F 0 0
S
202
2oz
#®Q
w

Settings of Gate3[1].Chan[2].CompA

4-10 Application Guide Laser Application (0052)



4 How to Customize Various Settings

4-7 TCRConfigurations.pmh

This file contains the condition settings for turning ON/OFF the laser.

No. Parameter Description
*1 Gate3[1].Chan[1].CompB Set the travel distance before the laser turns from OFF to ON.
*2 Gate3[1].Chan[1].CompB Set the travel distance before the laser turns from ON to OFF. N
After this, add the condition to toggle the laser output. :
*3 Gate3[1].Chan[2].CompB Set this according to the figures below. S
&
3
The figure bellow illustrates the condition used in this manual, where laser light is output at home, trav- Q@
els around the square, and returns to the home again. E.
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