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> O > KdGain(X) > @ )
I I ] -1
z __ Galvano
Motor(X)
H—
N "
Y Axi Linear Motor(Y
—— @ > KdGain(Y) > @ )
I I Z-1
__ Galvano
Motor(Y)
@ =

FEICHNOT, KdGain [F 0 M E 1 KEDBICRELF T O—NRT4)VADHY b7 T ERE =
j(%< L/fk_(/\iEA Lg KdGa|n %d: UX%LW pnﬂﬁbgijo
KECHTD EELO#HEE—ABSOEEZIUTORICTRLE T,

kB LN -

proyes 5 E-—4BS
XY RT7—3 X & | #1
Vg | #2
VN RF v+ | X8 | #3
Y&y | #4
THx—HhHRIAZw k| 288 | #5
TCRETERDRIES #6
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1  Solution Explorer @ [PMAC Script
Language] - [Global Includes] MFIC

#% [global definitions.pomh) %B=% | & © @ | o~ d| & =

P

Solution Explorer * 0 X

Search Solution Explorer (Ctrl+:) P~

1 PowerPMAC1

[ System

[ CLanguage

[ Configuration

[ Documentation

[ Log

| PMAC Script Language
4 % Glohal Incliides

O global definitions.pmh

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

A Y YV Y T v

2  BOFFR % global definitions.omh (2 Sys. WoKey=$AAAAAAAA
EZAHET, //Segmentation Time
* SERNEDREDABICDONTIZE, 884 Coord[1]. SegMoveTime=0. 1;//*1
B BBRTEDHAENA RE
(PA-1] #BRBLTLIEE, //Global Clock Configurations
Gate3[0]. PhaseFreg=10000; //*2
Gate3[0]. ServoClockDiv=0;//*3
Sys. PhaseQverServoPeriod=1;//*4
Sys. ServoPeriod=0. 1;//+5
Gate3[0]. PhaseServoDir=0;//*6
Gate3[1]. PhaseServoDir=3;//+6

//ADC settings
Gate3[0]. AdcEncCtr I=$3fffc000

3  Solution Explorer ® [PMAC Script  Er—
Laﬂguage] %Eb U \yb [J\ [Add] 75\5 I 3 New item.. Ctrl+Shift+A I Add b
[(New Item..] ZBRLET, ey T -
# Properties Alt+Enter [:ms
4 (Name] ORI [MotionOnTheFly.pmh] [wererien s - nox
ERATU. [AD) REVEDUYOLE | e g e R ——
@— o Script Programs Header File

3-8 77V r=2avh4 N L=¥F77) 45— 3 4E (SBCE-504)
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B  Solution Explorer ® [PMAC Script
Language] - [Global Includes] MTFIC
»2 [MotionOnTheFly.omh] #B=Z

T
6 ©BOT+FRbE% MotionOnTheFly.pmh(Z //LPF" s Gain
EENHET, global KdgainX=0.00045;//*1

* IRMNESOREOABICONTIE [ 4
B BBREDNRAINA XTTE
(P.4-D] Zz2RLTIZS W,

global KdgainY=0.00045://%2

//Scale Factors of Galvo Scanner

global GalvoSfX=-503316+4096/ (1700. 374) ;//*3
global GalvoSfY=-503316+4096/ (170x0. 374) ;//*4

//Settings of Coordinate System

&1;//%b
#1->1;//%5
#2->1://%b
#3->1://%b
#4->1,//*b
[  Solution Explorer ® [Configuration] - B tion Explorer -1 x
[pp_startup.txt] #BE=%9, @ o-a &=
m Search Solution Explorer (Ctrl+3) P~

1 PowerPMACI
b System
4 C Language
b Background Programs
b CPLGs
3 Include
Libraries
4 Realtime Routines
D usrcode.c
[ usrcode.h
4 Configuration
[ pp_custom_save.cfg
[ pp_custom_save.tpl
'31 pp_disable.txt
E'I pp_inc_disable.txt
=) pp_inc_startup.txt
~ -

L ayateiiiouiupiy

8 HBOFFR % pp_startup.ixt ICEEZAH
E

//Enable CfromScript
UserAlgo. CFunc=1;

©  Solution Explorer @ [C Language] -
[Realtime Routines] - [usercode.c] T
B wvo L., [Properties] #FRL &
B

b Include
Libraries

4 Realtime Routines
@ usrcode.c

Open h

Open With...
<> View Code

Scope to This -t

P Naw Salitinn Evnlarar Viswr

I & Properties

Alt+Enter I

= pR_stanup.ot
I [ systemsetup.cfg
b

NAcumentatinn

T7Vr=oavH4 N L=¥77TY 45— 3 4F (SBCE-504)
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B

10 (Properties] v« > R [Build
Action] T [Compile] Z&IRL £,

usrcode.c File Properties -
o BV | &
B Advanced

Build Action | Compile |
B File Encryption option

Enable Encryption No
B Misc

File Name usrcode.c

Full Path C:¥Users¥010160080¥Documents¥P
Build Action
How the file relates to the build and deployment process

11 Solution Explorer ™ [C Language] -
[(Realtime Routines] - [usercode.c] %

R
1 ;! HBO CfromScript DM EZRZHIBRL = double CfromScript (double cfrom_type, double arg2 double arg
T, 3, double argd, double argh, double argb, double arg/, struct Lo
calData *Ldata)
{

int icfrom_type=(int)cfrom_type;
doublexC, *D, %L, *R, rtn;//C, D, R-only needed if doing Kine
matics

C=GetCVarPtr (Ldata) ;//Only needed if doing Kinematics
D=GetDVarPtr (Ldata) ;//Only needed if doing Kinematics
L=GetLVarPtr (Ldata) ;//Only needed if using Ldata or Kin

ematics
R=GetRVarPtr (Ldata) ;//Only needed if doing Kinematics
rtn=-1.0;
return rtn;

}

3-10 F7Vr =348 L=YF7FTU4 - a3 ik (SBCE-504)
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13 BOFFX % usercode.c (CEZAHE  static double prevlpfXPos=0;
S static double prevLpfYPos=0;

double CfromScript(double kinTypeDouble, double arg2, double
arg3, double arg4, double argb, double argb, double arg7, LocalD
ata *Ldata)

{

int kinType=(int)kinTypeDouble;

double deltaXPos, deltaYPos;

double *L=GetLVarPtr (Ldata) ;

double *C=GetCVarPtr (Ldata) ;

switch(kinType)
{
case Forward_Kinematics_State:
{
_KinPosAxisX=_KinPosMotor1+(_KinPosMotor3/GalvoSfX) ;
_KinPosAxisY=_KinPosMotor2+(_KinPosMotor4/GalvoSfY) ;
if(Ldata->Status & 0x40)
{
prevLpfXPos=_KinPosMotor1;
prevLpfYPos=_KinPosMotor2;
1
break;
1
case Inverse Kinematics State:
{
deltaXPos=_KinPosAxisX-prevLpfXPos;
deltaYPos=_KinPosAxisY-prevLpfYPos;
_KinPosMotor1=prevLpfXPos+ (KdgainX*del taXPos) :
_KinPosMotor2=prevLpfYPos+(KdgainY*del taYPos) :
_KinPosMotor3=(_KinPosAxisX-_KinPosMotor1)*GalvoSfX;
_KinPosMotor4=( KinPosAxisY-_KinPosMotor?2)*GalvoSfY;
prevLpfXPos=_KinPosMotor1;
prevLpfYPos=_KinPosMotor?2;
break;
1
}
return 0;

}

14 usercodec D77 A VDFKEIC. BEDOFTF #define Forward Kinematics_State 0
R +AEBHOLET, #idefine Inverse Kinematics State 1

fidefine _KinPosAxisX *(C+6)
fidefine KinPosAxisY *(C+7)
#define _KinPosMotor1 *(L+1)
#define KinPosMotor2 (L+2)
#define _KinPosMotor3 *(L+3)
fidefine KinPosMotord *(L+4)

Language] - [Kinematics Routines] % ACapt gy
o Yvo L, [Add] H5 [New ltem...] » — — |-
ZRIRLE T, ew hem.. rl+Shifts,

Scope to This | s s T I

@ New Solution Explorer View
& Properties Alt+Enter
-

Kinematic Routines Folder Properties
LIRS
B Misc
Folder Name Kinematic Routines

15 Solution Explorer @ [PMAC Script I > Log
e PMAC Script Language
b

T7Vr=oavH4 N L=¥77TY 45— 3 4F (SBCE-504) 3-11
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[Inverse Kinematic] &R L. [Add] 7R [t e | ‘ T
BYEL VL LET, 5] o e

Power PMAC Inverse Kinematic Template.

Name: Inversel kin

BHDOTFER % Inversel kin [CEZAHF open inverse(l)

S

local ret;

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

close
Solution Explorer @ [PMAC Script ‘; :f“mme"'ﬂﬁﬂ"

. . . og
Language] - [Kinematics Routines] # 4 PUAC Script Language
HLH-YvH L, [Add] HB5 [New ltem...] >___SlobalIncludes
EERLEZ T, I"EJ New Item.. CtrlShiftsA I Add
[ =T SLTAILTA J Scope to This

v New Solution Explorer View

Properties Alt+Enter

(Forward Kinematic] ZF#RL. [Add]  [wmmnrwma —
REVES Yy HLET, ——— P

@ Forward Forward Kinematic Type: Forward Kinematic
Power PMAC Forward Kinematic Template

Name: Forward1kin

BHDOTER L& Forwardl kin IC2=3AH&  open forward (1)
ESC

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

close

MOTF LT 27 4 L RDINS A —42 KdGain #/BEL & T,

312 FPTIVr—=2avH4 8 L=¥F7 7TV -2 3 4R (SBCE-504)
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B

1  Solution Explorer ™ [PMAC Script
Language] - [Global Includes] =&

L ey
14 Documentation

> Log

PMAC Script Language

2UwsH L, [Add] B5 [New
ltem...] Z@RL &I,

I 0 New ltem.

Ctrl+Shift+A I Add

| Ay

Scope to This

B New Solution Explorer View
p

Alt+Enter

Properties

Global Includes Folder Properties
BN #

Add New ltem - PowerPMACT

2 [Name) O#IC [VirtualMotor.pmh]
ERATL, [Add] RAVZELSUYSH
L&do

4 Installed Sort by: Default

Script Programs Header g escerrie

iif
v x

Script Programs Header Type:
Script Programs Header File

I\ Add ‘Icancel ‘

3  Solution Explorer ® [PMAC Script
Language] - [Global Includes] O
(&3 [VirtualMotor.omh] %#BE==
EB

T7Vr=oavH4 N L=¥77TY 45— 3 4F (SBCE-504)
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4 HBOFFX% VirtualMotorpmh [ EncTable[1]. type=1
EXAHET, EncTable[1]. index1=0

EncTable[1]. index2=0
EncTable[1]. index3=0
EncTable[1]. index4=0
EncTable[1]. pEnc1=Sys. udata[10]. a
EncTable[1]. pEnc =Sys. udata[10]. a;
EncTable[1]. ScaleFactor=1;
Motor [1]. pDac=Sys. udata[10]. a
Motor [1]. pEnc =EncTable[1]. a
Motor [1]. pEnc2=EncTable[1]. a
Motor [1]. pLimits=0
Motor [1]. pAmpFault=0
Motor [1]. Ctr 1=Sys. PosCtr |
Motor[1]. ServoCtr =1
Motor [1]. MaxSpeed=0
Motor [1]. FatalFeLimit=0

EncTable[2]. type=1

EncTable[2]. index1=0

EncTable[2]. index2=0

EncTable[2]. index3=0

EncTable[2]. index4=0

EncTable[2]. pEnc1=Sys. udata[11]. a
EncTable[2]. pEnc=Sys. udata[11]. a;
EncTable[2]. ScaleFactor=1;

Motor [2]. pDac=Sys. udata[11]. a
Motor [2]. pEnc=EncTable[2]. a

Motor [2]. pEnc2=EncTable[2]. a
Motor [2]. pLimits=0

Motor [2]. pAmpFaul t=0

Motor [2]. Ctr I=Sys. PosCtr |

Motor [2]. ServoCtr =1

Motor [2]. MaxSpeed=0

Motor [2]. FatalFeLimit=0

3-14 77V r=2avh4 N L=¥F77) 45— 3 4E (SBCE-504)



3 #&HF

B

EncTable[3]. type=1

EncTable[3]. index1=0

EncTable[3]. index2=0

EncTable[3]. index3=0

EncTable[3]. index4=0

EncTable[3]. pEnc1=Sys. udata[12]. a
EncTable[3]. pEnc=Sys. udata[12]. a
EncTable[3]. ScaleFactor=1

Motor [3]. pDac=Sys. udata[12]. a

Motor [3]. pEnc=EncTable[3]. a &
Motor [3]. pEnc2=EncTable[3]. a =
Motor [3]. pLimits=0 3
Motor [3]. pAmpFaul t=0 g
Motor [3]. Ctr1=Sys. PosCtr | éﬁ

Motor [3]. ServoCtr =1
Motor [3]. MaxSpeed=0
Motor [3]. FatalFeLimit=0

3

EncTable[4]. type=1

EncTable[4]. index1=0 w
EncTable[4]. index2=0 ﬁg
EncTable[4]. index3=0 N
EncTable[4]. index4=0 A
EncTable[4]. pEnc1=Sys. udata[13]. a Cg
EncTable[4]. pEnc=Sys. udata[13]. a §§
EncTable[4]. ScaleFactor=1 §§
Motor [4]. pDac=Sys. udata[13]. a ?ﬁ

Motor [4]. pEnc=EncTable[4]. a
Motor [4]. pEnc2=EncTable[4]. a
Motor [4]. pLimits=0

Motor [4]. pAmpFaul t=0

Motor [4]. Ctr1=Sys. PosCtr |
Motor [4]. ServoCtr =1

Motor [4]. MaxSpeed=0

Motor [4]. FatalFeLimit=0

B  Solution Explorer @ [PMAC Script 3 sptemseiupcig

b Documentation

Language] - [Motion Programs] @ f§ » & 1og
TICHD [progl.omc] #BE=%7, 4 = PMAC Script Language

b Global Includes

b Kinematic Routines
b
Pl

Libraries

b —

-

progl.pmec File Properties =
R | A

T7Vr=oavH4 N L=¥77TY 45— 3 4F (SBCE-504) 3-15
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NI TERTETIOIS L%
progl.omc [CEZAHF T,
BOTFEINE NNIZTDTZS LDO—H)
T9d,

open prog 1

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

ta(0.1);
td(0.1);
ts(0) ;
F(100);
abs;
| inear
X(50) Y(50);
X(-50) Y(50);
X(=60) Y(-50) ;
X(50) Y(-50);
X(50) Y(50);
X(0) Y(0);
close
7 jD \\/‘Ib '\@&“rj\/a— P Solution Explorer ~1
@l o-a|p =
Search Solution Explorer (Ctrl+:) A

Power PMAC IDE OBBEHB LD
Solution Explorer D 70Y x5 ~2%
BoUw4 L. [Build and Download
All Programs] ##iRL. ELRES
DYO0—FaRTLET,

connin
b 4 Build
4 Rebuild
b Clean
13
b P New Solution Explorer View
= I Build and Download All Programs I
Pl

Download Al Prugrams
Map PMAC Variables
Export Project with P Protection...
Export Project Template...
Compare Project
Add EtherCAT
Add EtherNet/IP
Add Macro
sb cut Ctrl+X

Unload Project
(< Open Folder in File Explorer
| & Properties Alt+Enter

Project File PowerPMAC!.ppproj
Project Folder C:¥Users¥010160080¥Documents¥PowerPMA(
B PowerPMAC Buffers (buffer size in MegaBytes)

Output TEBH BN & A ERL =

I,

o FENRMLTICHBE(E. Output T
S—DARBAEERL TIEE0,

Output

Show output from:  Build M | | e x: | = ‘ ta
Uploading pp_error_hist.log tile trom the FoverFHAL.

Uploading pp_debug.txt file from the PowerPMAC.

Uploading and synchronizing PowerPMAC variables

Tatal Project download time = 5.016 seconds.

Tatal Project huild and download time = 20.844 secands.

Download successful.

|
4

PowerPMAC Messages Terminal J{ellelig

Power PMAC IDE @ Terminal T

[save] IRV RERATLFT,

« ¥YTBE. Terminal I “Save
Complete” &FRRESNETo

Terminal

3-16
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10 Power PMAC IDE @ Terminal T [$$
$] XV RERATLETD,

Terminal

SAVING to flash

Terminal [Eolfiiellg

11 (Delta Taul X=2— [Tools] K5
[Plot] =FIRL & T,

Debug Tools | DeltaTau | EtherCAT Window Help

| Debug | &
nal € Position [
°
=
2968750000¢
A
2
il
il
<
4
&
&
333030168
2968750000¢
X

Communication Setup
Terminal

Position

Watch

Status

Errors Display
Unsolicited Messages
Jog Ribbon
PowerPMAC Messages
Encoder Conversion Table
Compensation Table
Update Firmware
Install Package
Device Imaging
Backup Restore

Tools

Troubleshooters
Compare

Part Managers

Kill Motors

Mtr2MaxRmsCur -lmeceE
jger [T Tune [A] Plot <

Inverse1 kin pp_startup.txt

| § searc

= cam Sculptor 3
oo o

Scope

Ctri+Alt+K Task Manager

12 (Step’ - Possible Data Sources] A @ wot:onineris2 esozoossi

D, UTOPATLDFTVORY DR
(CFITVOEIANET T,

* [Motor1]

* [Motor2]

* [Motor3]

* [Motor4]

File View Gather Options

Step! — Possible Data Sources

ik | Faenind  Wanual

Selected Preset rour Preset Name He

Step 2 — Data To Sample

-[“Matord
[notars

Timelsec)
Motor( 1 ActPos
Matar(l 1 DesPos
Motor(t Ticomd
led Motor[2] ActPos
Motor[2] DesPas
Matar(2Ligomd
« Mator[3] ActPas
WMotor[3] DesPas
Motor[3 ] igomd
Motor[4] ActPos
Mator(4]DesPos
Motar[4igsmd

Sampling Settings

[~ w

‘ Gather Data

T7Vr=oavH4 N L=¥77TY 45— 3 4F (SBCE-504)
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13 (Step3 - Data Processing] ROMUT - o X
DPATLERERL. > REV %D
UwHLFET, fere hd Saue Delete
° [l\/lotor[ﬂ Cmd Position] Step 3 - Data Processing Step 4 - Plotting
* [Motor(2] Cmd Position] : et A
+ [Motor(3) Cmd Position] we il
* [Motor(4]) Cmd Position] >

<<

r{1]

Motor[1] Act Valasity

Mator(1] Cmd Welosity

Motor{1 ] Act Accele rati
Mator(1] Cmd Acoelerat
Motor[1] Following Error
Mator(1] Serva Cmd Ou Right Axis
Motar[2] Ast Position vy
Mator[2] Cmd Position
Matar2] Ast Velocity
Mator[2] Cmd Welosity <«
Motor[2] Act Accele ati

Mator[2] Cmd Accelerat o,
bt (2] B oo Evvny

< >

Scale Factar =1
Horzontal Axis

Offset =0 53

Time(sec)

] save Detese

Step 3 — Data Processing Step 4 — Plotting
Left Axis

mgis: éﬁdAﬁggﬁgar;E ~ Mator(1] Cmd Position
Wator[2] Folowing Eror Mator(2] Cmd Position
<< Motar(3] Cmd Position

Motorl2] Servo Gmd Ou it
Motor[3] Act Position Wator[4] Gmd Position

Motar[3] Crd Pasition
Motor[3] Act Velocity
Motor[3] Cmd Velocity

Motor[3] Act Acceleratic RIZNT Axis
Motor[3] Cmd Accelerat 55
Motor| Following Error
Motor[3] Servo Cmd Ou

it <«
Maotor[4] Act Velocity v
bbb T T O ord Ll it
< >
Scale Factor = 1

Haorizontal Axis

Offset = 0 55

Time(sec)
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14 [(Gather Datal A&>ELHUVHL, el Nororz]
Power PMAC IDE @ Terminal T [&1 Motorl JDesos
enable] & [&1 start 1] OWV R#% e i =
RATL&E T, « Motorta] AckPac «

Mator[3] DesPos
Motor[3]igemd
Mator[4].ActPos
Mator[4] DesPos
Motor[4]igemd

Mot fa1
L -
Scale Fac
Gather Data Offset = ( w
]
(]
Function : =
Uplaad Data [4]1DesPo o)
ms): 200000 —
s g
= 0 1000 g
Terminal 3

@
N
N
\J
N
<
3
34
&
f

Terminal Output

Terminal

ving To Flash: Finished SAVING to flash

ompleted

PowerPMAC Messages [JELLILE]

15 [(Upload Data] R&>%EHUvEH L&

o

Gather Data Oiff:
Fun
Upload Data [4])

1000 1000
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16 (PlotDatal REVE LY VHLET,

Horizontal Axis

b
Timelsec)
{4
Plat Data
1 7 EO) J: 5 L:\ %$Hﬂ1ﬁ%b\“§ﬁ—\é n é : t . PowerPMAC Plot: 2021/03/02 18:01:11 = Jiil X
% ﬁﬁ‘%}g [/ ai jo File View Tools

PowerPMAC

g
£
s
g
a
=
£
o
z
H

18 Motor(3) Cmd Position. Motor(4)
Cmd Position OWLYINHHH LN/
AFrFOIEIRKNE/ R/IVMBZBA
3136(%. [global definitions.pmh]
#B§=. KdgainX, KdgainY #fR&EL
£J, ¥Dd&. FIB7~17 #BER
7LE T,

19 =B 18 TO 4 LADBSICRHEN
HhiE. Solution Explorer =0
[VirtualMotor.pmh] =#HB5 YU v oL,
(Delete] = FIRL T,
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34 E—4XREIA-SNEBTE

K3

341 BEFOLHR
CK3M EH—RESAN, UZPE—REDBRBSHEDOVNTRRLET,

« X ERDEHR

1 FECK3W-AX23230]
FZCK3W-GC2200

EOEL-CATIRE—TVE

o
w

[ g
.y

FES8VK-S12024

HROBHE L-V-¢

INC-5723,LIDA48
FZCK3A-G310L

Y #OEHR

1 TECK3W-AX23230
FECK3W-GC2200

FES8VK-S12024

INC-5716.LIDA48

FZCK3A-G310L
EBa b, c DEMZLITDRRAICKE D TERKELE I,

a. DY hO—3&Y =PV TBDER
i CK3W-AX23230D 7Y IR IR EY—RFPYTD C2 IxO X%, UTOERr—7
WTHEMRLE T,

X—75 & | &<
A L0 | Direct PWM & —2)b | 2 CK3W-CAADOO9A | 0.9m
£ CK3W-CAADOT8A | 1.8m
£ CK3W-CAADO36A | 3.6m

b. =P TEH—RE—XEDER

T7Vr=oavH4 N L=¥77TY 45— 3 4F (SBCE-504) 3-21
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HY—ARPTDP2 IRHERIC ZFPE—RD Motor Connector L £,

c. IV FO—3&Y—RE—XBOERR
2 CKBW-AX232300 LY I—AEHRIRXRORE Y ZPIYI—ROIROR %, FAT—T )
£ CKSW-CAEAO3A THitL & I o

FZCK3W-AX2323 LIDA48
Signal Pin Signal Pin

Sinusoidal Encoder

SIN+ >< >< o 1
Sinusoidal Encoder 6 A- 9

SIN-

Sinusoidal Encoder

Sinusoidal Encoder

COS- 7 B- 11
Encoder Power Supply
(+5VDC) 11 X X Up 4
Encoder Power Supply
(GND) 13 ov 2

342 TFnvs3v7
H—RPUT. UZPE—REHETBIOOREETDSISIVEILET,

1 Solution Explorer @ [PMAC Script Type: POWER PMACCGM._ CPUorm{SI021A._ Fimvire: 2611000 Quick Launch Cut+) p- 8 x
Language] - [Global Includes] z=H4 s e s
Uwo L, [Add) 5 [New ltem..] 28 ===
3=
' i< prom —rx
?R L/gi d ° Velocity Following Error @ o-8|p =
u 0000000000 mu/sec 0.000000000mu W Search Solution Explorer (Ctri+:) P~
u 0.000000000 mu/sec 0.000000000 mu
tus| MACRO Status|
rated
Status Description Status -
False 12tFault False
False InPos. False
False. InterlockStop False 4 PMAC Script Language
e Limitston i | = e 1|
m— - Ty
False. PhaseFound
Scope to This
False. PlusLimit e —
Faise Sl B New Solution Explorer View m——
False & Properties Alt+Enter ims
False False
False. False
False False
False 0 -
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3 & FIE
2  [Name) OMIC [MotorControlpmh] &  sermmeme T

ZATU, [AdD] REVEDYVILE s g o o s

@_ o - Script Programs Header File
@
N
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Add Cancel Eu
3  Solution Explorer @ [PMAC Script 3

Language] - [Global Includes] DI
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~
R
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0
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N
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Sys. WpKey=$AAAAAAAA

//Servo Task Configurations

Motor [1]. ServoCtrI=1 //*1

Motor [2]. ServoCtri=1 //*1

Motor [1]. pEnc=EncTable[1].a //*2
Motor [2]. pEnc=EncTable[2].a //*2
Motor [1]. pEnc2=EncTable[1]. a //*2
Motor [2]. pEnc2=EncTable[2]. a //*2
Motor [1]. EncType=6 //*3
Motor [2]. EncType=6 //+*3
Motor [1]. PosUnit=3 //*4
Motor [2]. PosUnit=3 //*4
EncTable[1]. Type=1 //*b
EncTable[2]. Type=1 //*b
EncTable[1]. pEnc=Gate3[0]. Chan[0]. ServoCapt. a //*6
EncTable[2]. pEnc=Gate3[0]. Chan[1]. ServoCapt. a //*6
EncTable[1]. ScaleFactor=1.0 //*7
EncTable[2]. ScaleFactor=1.0 //*7
Motor [1]. AmpFaultlLevel=1 //8
Motor [2]. AmpFaul tLevel=1 //*8
Motor [1]. FatalFeLimit=5.0 //*9
Motor[2]. FatalFeLimit=2.0 //*9

//Phase Task Configurations

Motor [1]. PhaseCtri=4; //*10

Motor [2]. PhaseCtrI=4; //*10

Motor [1]. pPhaseEnc=Gate3[0]. Chan[0]. PhaseCapt. a //*11

Motor [2]. pPhaseEnc=Gate3[0]. Chan[1]. PhaseCapt. a //*11

Motor [1]. PhasePosSf=2048+ (0. 020/16384) /36 //*12

Motor [2]. PhasePosSf=2048x% (0. 020,/16384) /36 //*12

Motor [1]. PhaseOffset=683 //*13

Motor [2]. Phase0ffset=683 //*13

Motor [1]. pAdc=Gate3[0]. Chan[0]. AdcAmp[0]. a //*14

Motor [2]. pAdc=Gate3[0]. Chan[1]. AdcAmp[0]. a //*14

Motor [1]. AdcMask=$FFFFO000 //*15

Motor [2]. AdcMask=$FFFF0000 //*15

Motor [1]. pDac=Gate3[0]. Chan[0]. Pwm[0]. a //*16

Motor [2]. pDac=Gate3[0]. Chan[1]. Pwm[0]. a //*16

Motor [1]. PhaseFindingDac=Motor [1]. 12tSet/2 //*17

Motor [2]. PhaseFindingDac=Motor [2]. |2tSet/2 //*17

Motor [1]. PhaseFindingTime=3000/ (2*Sys. ServoPer iod* (Sys. RtIntPeriod+1)) //*18
Motor [2]. PhaseFindingTime=3000/ (2*Sys. ServoPer iod* (Sys. RtIntPeriod+1)) //*18
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//PWM Output Configurations

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

PwmSf=0. 9516384 //*19
PumST=0. 9516384 //*19
MaxDac=9. 88*32768+C0SD (30) /31. 35 //*20
MaxDac=9. 88%32768+C0SD (30) /31. 35 //*20
[ 2tSet=3. 08%32768+C0SD (30) /31. 35 //*21
|2tSet=3. 08+32768+C0SD (30) /31. 35 //*21

[2tTrip=(Motor [1]. MaxDac*Motor [1]. MaxDac-Motor [1]. |2tSet*Motor [1]. [2tSet)*2 //*22
[2tTrip=(Motor [2]. MaxDac*Motor [2]. MaxDac-Motor [2]. |2tSet*Motor [2]. 12tSet)*2 //*22

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

PwmDeadTime=3 / 0. 0533 //*23
PwmDeadTime=3 / 0. 0533 //*23
PwmFreoMul t=2 //*x24
PwmFreoMul t=2 //*24
PackOutData=0 //*25
PackOutData=0 //*25

//Current Loop Configurations

Gate3[0].

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

AdcAmpStrobe = $901001; //*26
AdcAmpHeaderBits=4; //*27
AdcAmpClockDiv=5; //*28
AdcEncClockDiv=3 //+28
Chan[0]. Pack InData=0 //*29
Chan[1]. Pack InData=0 //*29

//Sinusoidal Encoder Settings

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

Chan[0]. AtanEna=1 //*30
Chan[1]. AtanEna=1 //*30
Chan[0]. EncCtr1=3 //*31
Chan[1]. EncCtr1=3 //*31
PosSf=0. 020/16384 / /%32
PosSf=0. 020/16384 //*32
Pos2Sf=Motor [1]. PosSf //*32
Pos2Sf=Motor [2]. PosSf //*32

5  Power PMAC IDE mB@EH LM Solution

Explorer D70y 1T H +B%HBL WD
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ZERL, EWREA DY O—RAEERTL

T

laxRmsCur

ad All Programs
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CPU; armLS1021A  Firmware: 2.6.1.1000

-lRees- \

Quick Launch (Ctrl+Q)

P = B X

man fDA

0.000000000 mu
0.000000000mu

grd  Build
Rebuild
Clean

‘ 5] New Salitinn Fvnlarer \iew

£ B Al Solution Explorer
co@| - s

Search Solution Explorer (Ctrl +)

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

Ctrl+X
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ript Language
al Includes
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on Programs
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Upl d ng PR
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Download s
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plo g and synchronizing Power
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Tatal Prmebt build and dnwnlnad tine = 5 M seconds.
ssful.

PowerPMAC Messages Terminal [f&liisilg

Show output from: Bulld
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A Power PMAC IDE @ Terminal T [savel  [remm
NV RERATLET, i

G Terminal el

8 Power PMAC IDE @ Terminal T [$$3)
IVYRERLTLET.

Saving To Flash: Finished SAVING to flash

mpleted

3-4-3 BRN—-TDOFa—-=7
Y—RPYITOBRIN—TEF 21—V LET,

1 [De“:a Tau] X~ —D [Toolsj b\ 5 B PowerPMACT - PowerPMAC IDE 44.1.7 (Administrator)

ile Edit View Project Build Debug Tools | DeltaTau | EtherCAT Window Help

[Tunel #FRL, Tune BBEZHEEF caws e

@_ # Communication Setup | 5] Terminal € Position [
o

Communication Setup | 5% MtrzMaxRmsCur

Terminal jger [ Tune [R]Plot -

Positi

# v } X | Position oston

Watch
E

Status

0.001068115 mu/sec

Errors Displa
Py 0.000152588 mu/sec

Unsolicited Messages
Jog Ribbon

PowerPMAC Messages
Encoder Conversion Table
Compensation Table
Update Firmware

Install Package

wvoo~o~

B HE ORER P> EIESF »

Device Imaging

Backup Restore

Tune

Part Managers Scope
Kill Motors Ctrl+AIt+K Task Manager

Tools

Troubleshooters

’
)
Compare '
»

X

2 Tune BE T [Curl’ent LOOD Tuﬂing] @ Tune : Online[192.168.0.200:55H]

F
) [M anua I:] % 52 TR [/ aﬁ d . SelestMotor  NCurrent Loop Tuning flopen Loop Test Position Loop Auto—tune  Pasition Loop Interactive Tt
= o
Mator 2 Simple Auto [| Maruzl
Auta-tune ]

Integral Gain (IliGain) 00089999558

Forward Path Proportional Gain (IpfGain)

Back Path Propartional Gain (IpkGain)

Phase Current Bias Offsets

Phase A (laBias)

I

Phase B (IbBias)

# Jogf
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RONZA—=RAEZELF T,
(lliGain] : 0.0099999998 (=7 =+ U
~)

[IpfGain] : 1 (ZZ7#JUk)
[lpbGain] : 0

[(Magnitude] : 1000bits

(Dwell Time] : 50ms

® TuneOnline( 192 168020055H]
Seit Mot

o
Hotar 2

Gurrent Loop Tuning Open Loog Tast Pasitin Looy Auta-tuns

Simple A | Manus)

Positin Loop Intersctia Tuning. Pre-fitar S

Adsptive Cartrol Intersctive Fikar Setun LG St

Integral Gain (11Gain)

Farward Path Progartiansl Gain (eGain)

Back Path Proportiral Gain ([pkGain]

ocosssesens |

Phase Gurrent Biss Offsets

Pase A (1aBlae)

o

oo

e

Prase & (1oAie)

Curert Stap

[(Current Step] "E>E=LOYv o L&
P
* BRORTVYIINBHIRRSNE T,

® TureOnline( 192 168020055H]
Sait Mot

4 b

oo

e

Gurrent Loop Tunine Open Loog Tast Pastin Looy Auta-tuns

Simple A | Manus)
Auto-tura Paramatars

Integral Gain (11Gain)

Farvard Path Pro

pciin)

Back Path Proportioal Gain ([pGain]

Phaze Gurrent Bias Offsets
Pase A (1aBlae)

Pase & (iofie)

Positon Loop Intersctie Tuning  Pre-fiter Sstup Adepthve Cortrol Irtersctive Fitr Setup LG ¢

ocosssesess |
[ I
g ]

o ]

o ]

Curert Loop Stop Parameter Sotup

Magniuss [0 ] e
Rough Phasing agnituse o o
Dwel Time fa -

Curert Stap I

. PowerPMAC Tune: Motor1 Current Step: 1/14/2021 1:06:32 PM

File View Tools

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

Actual Current Response (bits)

3 4

Rise Time

Peak Time = 9.10 ms.Peak Magnitude =
oot = 0.60 %.Damping Ratio = 1.000 .

Natural Frequency = 96.04 Hz Settling Time = -1.00 ms.

5 6

Time (ms)
= 5.800000 ms.

7

507.00 counts
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5 BoomssusBensdL>.

(liGain] & [IpfGain] #:AEL 7,

A5 ERUDRBIMEVEEE
(lliGain] # k=< L&ET,

o F—N—Ya1— PIREHKE IS
&(& lpfGain] #x=<LFET,

s BTAVIIINSOVEDSRLICKE
<LTLES 0,

3-4-4

71—XYT7 7L ADHEIL

UZPE—ADT7T—RUID P UV REHILE T,

1 Power PMAC IDE ® Terminal T [#1
out 0] IYY RERATLET,

Terminal

2  Power PMAC IDE @ Terminal T
[(Motor(1].IbBias=500] I¥Y F&~
17L&,

Terminal

|\Mctnr[‘\],|bB\as =500 I

owerPMA

UESERES] Terminal Jelidig

3 X@EFETEESE. $—ROvoL
TOWBZEEERLE T,
c T—AROVHLTOLWRVREE(G.
Motor(1].IbBias DE%EHRLICAE
<ERELTLIZS W,
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4 Power PMAC IDE @ Terminal T E—
[(Motor(1]).PhasePos=0] OVY> F%
RATL&ET,
@
E=Y
H
@
S NS EEZTTI Terminal \'s
H
v
B  Power PMAC IDE ® Terminal T Termiral 1
[(Motor(1]).PhaseFound=1] ¥ F \§
“RATLET, g
it

3

© Power PMAC IDE @ Terminal T
[(Motor(1).lbBias=0] J~¥> RF&E&A
JL&ET,

[Motor11.1bBias =
‘owerPMAC Messages [ICQUREIR Output

SYLL—NAL—KS b€

7 Power PMAC IDE @ Terminal T [#1 —
k] DXV RASA1ATLET,

owerPMAC Messages [REUMILEN Output

8 @2 (vE) COVTEFIEI~7%E
BICRTLED,

345 F—-TUN-=-TFXb
JZPE—HEA—TVN—TTEESYE, JOYSLPELOTEEERLET,

1 [Delta TaU] )(:1—03 [TOO|S] 75\5 @ Tune: Online[192.168.0.200:55H]

(Tune] #FRL. Tune BEEBRE. ““ Fostinomp et e
[(Open LoopTest] M [Step] % &R e o9pstep Faranetrs
L&, v 55 ]  vrouo

s i e

- :

Open Loop Step

#1 Jog/
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2 ;ﬁ@; a —:\/0\\/\05 )( —& %g&bi L/ @ Tune : Online{192.168.0.200:5SH]

-SE‘EM MR Current Loop Tuning Open Loop Test Position Loop Auto-tune Position Lop Interactive Tuning Pre~filter Setup
ai @ Motor 1
°© Motor 2 Step [Sine | Sine Sweep

Open Loop Step Parameters

(Amplitude] : 1.0%" e A
[Test Time] : 1.000ms | v 1o s
[Repetitions] : 2 : 5] e

i Repetitions 2 E

. E—AHPO&ELBVBEIEKER
BamEL TIIZE0, —

#1 Outo

3 [Open LOOD Step] ZI'{\& \/7&9 U v 0 @ Tune : Online[192.168.0.20055H]

l/ 3§ Selest Motor Current Loop Tuning Open Loop Test Position Loop Auta—tune  Position Loop Interactive Tuning
d o

Step  Sine  Sine Sweep

© E-ADEEBEL. BEOLOIBTR | Oren Losp Step Parametors
FERASFRRSNE T, v At P vt
« E—ARHPOELBWVRE(E. [Test S
Amplitude] X =REICEBLTL T e
C“é L\o Repetitions 2 g
s SO0TRMBRIFE, [Test
Amplitude] A 8.0%DBEICY & —
To

#2 Kill

@ PowerPMAC Tune: Motor 1 Open Loop Step Move: 1/14/2021 2:07:52 PM - a X

File View Tools
Motor 1 Open Loop Step Move: 1/14/2021 2:07:52 PM

1500.00

1000.00 ‘

Actual Velocly (m uniu(ms))

-1000.00

-1500.00
1000.00 2000.00 300000 400000
Time (ms)

Stats Decimal Places 2 [+ v

346 f(ENVN—TOF—-—bFa—-=19
D PE—RICBIBINEIV—TDA—Fa2—ZVI5%TW\OFET,

1 Tune@®T [Position Loop Auto-
tunel @ [Simple] #FRLF T,

@ Tune : Online(192.168.0200:55H]

Select Mator

+p Tuning | Open Loop Te sition Loop Interactive Tuning Pre-fiker Sstup Acaptive Control Interastive

=
oror2 anced

’1
Type
‘ Slow/Robust Fast/Agrassive. of the cale factor

] Enatie Feedforward

1 dentiy ard Tune Recompute Gains.
#1 g/ Encader Resolutian 2000 cts/rov
oo Move Limits
Mt 0000244140625 |
Maximum 1 m
Expart matar #1 sstfings to the
current poct
Motor Statue Motor Type Servo Agorithm 3
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Select Motor GCurrsnt Loop Turing Open Loap Test. Positon Loop Auto-tuns | Pasition Loop Intaractive Tuning  Prefiter Setup Adsptive Cantrol Intaracthe Fiter Se

D RONSA—BEBELFT. @ e
[Amplifier Type] : Direct PWM mﬂ““jl |

Amier Tyo

[(Maximum] : Tmu(1mm) —

(] Eratle Fesdforvard

IoBntiy and Tuno Focompute Gains
#1 g/ Encoder Resolution 2000 cts/rev
o Meove Linis

i 0000244140925 | mu

I I [ | I

Export motor #1 settings to the
curent propet

Selct Motor

WE—CATRE—-3T V€

3 (dentify and TUneJ RAV A S Y w5 [emommmmns:

Gursnt Laop Turing  Open Lo Tast | Posiion Loop Auto-tune | Position Loop Inractive Turing Pre~fiar Satup Adsptve Control Inaractie Fiker Sa
L/ a_ Simele | Ackanced
8} Amglifier Type

Anpifer Type Direct Pyt v

ELL

Performance
v Disl corresgores to cenostifiness
Cansistency of auto~turing depends on the correct settings
Siow/Rotust Fst/Agressive of the ECT scale factor

w

[] Enatie Fesdforvard

I Iobntiy and Tune I Fecompute Gans

e/ e [eeo oty
o Movs Links
Minirm mu
e —"

Exgart motor #1 settings to the
curent propet

4 BOEEIERRSNICS. [lmplement] @ Auto-tune Results for Motor %
7_'—\“& \/7(1-1: b U v 7 L/i @_o Current Gains Previous Gains  Recommended Gains

Propartional (Kp) 3000 3000 1325084161113
Derivative (Kvfh) 069998999 089995999 507465.66260483
Integral (Ki) 00020000001 00020000001 0000302631 21 774
Velocity feedforward (Kuff) ) 0 )

Acceleration feedforward (Kaff) o o o
Derivative Gain 2 (Kuifb) ) 0 o
0 o o

Velocity feedforward into Integrator (Kuiff)
flestore

0K Cancel

Active filter will ke removed

AZ—TAL£L VLG ) OL—NET LT-€

&

B | [Current Gains] IC [Recommended | @ aueee seus o vere =
Gains] @1@73*&89&5“?(,\%:&%6@ Current Gains Previous Gaine  Recommended Gains
= [OK] RAVvASUvsSLET, Proportional (Kp) 1325064716113 | | 000 1825.06471611113

Derivative (Kvfb) 587465 66260483 | ff 169998099 597485 66260463
Integral (Ki) 000030263121 774(| 10020000001 000030263121 T74(
Velocity feadforward (Kuff) o i o
Acceleration feedfarward (Kaff) 0 a
Derivative Gain 2 (Kuifb! o ! ]
Velocity feedfarward into Integratar (Kviff) o h o

Restore Imple ment

Active filter will ke removed 0K Cancel

347 BEN—-TDAEF9FTF4TFa—-=29
U= PE—RICBF BB —TDA VRS HT 4 TF 21—V 5ETOET,
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1 Tune@@T [Position Loop

Interactive Tuning] @ [Step] #EE4R
LT,
2 RONSA—REBELF T, —

[(FeedBack Gains]
[Integral Gains(Ki)] : 0

[(Move Parameters]
[Size] : 10mu
[Time] : 1.000ms

3 [Step Movel RavELUvoHLE
9o

4 =7vIonEsE

K LET RS i - |
i% EEDIE\ ° @ PowerPMAC Tune : 1 Step Move: #15 1/14/2021 6:57:14 PM [a} X

File View Tools

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

2000
100.00 20000 30000 40000 50000 60000 70000 30000 90000 1000.00
Time (ms)

Stats Decimal Places 2[5

v
Natural Frequency 5.88 Hz Overshoot 30.95%
Damping Ratio 035 Rise Time 36.80 ms.
Setlling Time 206.04 ms Peak Magnitude 13.17 mu
Peak Time 90.20 ms.

RMS Following Error | 2.49
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5 @B’g@m%#ﬁ"&b‘?@%ﬂé&ﬁ‘ ® PowerPMAC Tune : 1Step Move: #148 1/14/2021 7:1052 PM - o x

[Proportional Gain(Kp)J.

[Derivative Gain 1(Kvfb)] #BFEL & S

P

* A5 EDRYDEEHIENREE
[(Proportional Gain(Kp)] #kE=<
L&d,

* FA—N—=Y 21— FPIREHIKETNIF
&l& [Derivative Gain 1(Kvfb)] %
KESLFETS

s EBRENSKEVHZESEE (Integral
Gain 1(KD] Zzxk&E< L&,

© BUAVIIINSOVEDSBRLICKE T AT e e e e
<LTLEEL, T =

© BNSX—R%ERE. [Natural  Leeresecce] e
Frequency] DDA E K BESBLG  fsmiine  ooe et ook
S ETAT Fa—UIEETL
7,

G [Parabolic Vel] ABRL. RODI/YS  Tapctryseecton

X_&%EQEL/%@_O Step  Ramg -Par:atnlic: Vel | rapezoidal Vel SCurve Sine  Sine Sweep Custom

[Size] : 10mu10mm) iz "9“9"_

[Time] : 500ms Size -

[Left Axis] : Velocity . R
[Right Axis] : Following Error e e "

VE—CATRE—F V€

ELL

3

Parakolic Yelocity Move

7 [Parabolic Velocity Move] RA>V%  Trazstory Sekection

b U “}b L/ai@_o Step  Ramp Parabolic Vel Trapezoidal Vel. SCumve Sine  Sine Sweep Custom
howve Parameters

—TELV LK) OL—NED L7-E

GrlZ

Tirme o] ms

Siee mu

Parakolic Yelocity Move

8 EE @ 5&#@ ﬁ“??ﬁj%#%"‘ét 72‘—\: 6@ 3/7:8\ L/ i Tj‘ o @ PowerPMAC Tune : 1 Parabolic Move: #20 1/14/2021 64945 PM - o X

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 1.42
Acc. Corr -0.21 RMS Following Error | 1.01
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O [(Following Error] MREICX LTI Command Velocity

BAEBET3BEE K] 2kE<LzE ¢
T, PHEBEEBIDHEEE (Kuff] Z/\
=<L&Y,
» Time(ms)
Following Error (1EABES)
> Time(ms)
Following Error (3¥4888)
> Time(ms)
10 50 [Parabolic Velocity Move] R4 [ imocioe sy - s X
VRS uHLET, T ———

« Ztnix [Following Error] A%REIC
FLUTHBEHNRLBDETRYRL
F7,

Stats Decimal Paces 2 5 v

Vel. Corr 042 Max Fe 0.19
Acc. Corr -0.50 RMS Following Error 0.08

3-34 F77Vr—avhi4 R L=¥77T) 45— 34 (SBCE-504)



3 #&imFIR

11 @#(C. [(Following Error] ' Command Velocity
[Acceleration] (hIERE) PERICAEES
#EDBEE. [Kaff]. [Kfff] OE%E

I

BB EI,
@
£~
i
» Time(ms) x
Following Error (IE48E8) H
T b
|
W,
S
ks
il
» Time(ms) 3
Following Error (3¥48E3)
A w
I
o)
<
S
H.\
1
|
» Time(ms) I\l
N
348 Y®WOFai—=-17
YEICOWTEERICF 2 —ZVT%T0E T,
BET =
1 E&gﬁﬁf%gﬁ'iﬁgfmﬂ o @ Tune : Online[192.168.0.200S5H]
, Select Motor Current Loop Tuning O
Simple Auto  Manual

Auto—tune Parameters

Integral Gain (IliGain)

Forward Path Proporti

Back Path Proportion:

2 BRL-—TOF1—=VH A—TUW
—TFR b HBL—TDF— L Fa1—
VG BT VRS HT AT
Fa1—ZVDICRBOABZ ENEN
EELFE T,

349 Fa-UIRROHEDR
FA-ZVORBRNELVN EAERL. TOYIH R TP/ UICRBLET,
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Power PMAC IDE @ Terminal T [#1 Terminal
hmz] DNV RERATLET. p—
XYDdEC, [#1)=10] DXV FR%ER
A&,

I#1=10
owerrAC Messages [UEILEIN Cutput

XBHEELTODE%ZMHRLETo  [roston w4
F 72, Position T [#1] @ [Position] Position lelocity Following Error

DEHSM10.0fHETHDEAHRLFE |#1 10000703125 mu -0.006866455 mu/sec -0.000716550mu
jo £ £8.Y33218352U0MU -0.002288818 mu/sec 0.000000000 mu

Power PMAC IDE @ Terminal T [#1 e -3 x
k] OXYRaa47L. E—4%FL
StFEI,

If1k

Messages [LEMILEIN Output

FIR 1~3 7= Motor(2JICx L TEH R
LET,

Solution Explorer @ [PMAC Script
Language] - [Global Includes] M~
(&3 [MotorControl.omh] #BE=&

ER
Fa—ZVOICKIBIT A V% Motor [1]. |iGain=sksx
MotorControl.omh [C3B52 L& 96 Motor [2]. |iGain=skkx

Motor [1]. IpfGain=stkk
Motor [2]. |pfGain=ttx
Motor [1]. Servo. Kp=++x
Motor [2]. Servo. Kp=s+tx
Motor [1]. Servo. Kvfh=sikk
Motor [2]. Servo. Kvfb=skkx
Motor [1]. Servo. Ki=+tx
Motor [2]. Servo. Ki=##x*
Motor [1]. Servo. Kaf =k
Motor [2]. Servo. Kaf f=skx
Motor [1]. Servo. Kvff=skkx
Motor [1]. Servo. Kfff=sikk

Solution Explorer @ [Configuration]
DOTFICHD [pp_startup.txt] #BF= =
ER

BIRT 7T —XY—FRTIY KR enable plc PhaseSearch
HERHLFE I,
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B

9 Solution Explorer @ [PMAC Script Solution Explorer v Ix
Language] - [PLC Programs] O~ e
[Cd% [plcl.ple] =#RE& T,

Search Solution Explorer (Ctrl+:) P~

=] pp_disabletxt N
'51 pp_inc_disable.txt
=] pp_inc_startup.txt
[ pp_savectg
E] pp_startup.txt
[ systemsetup.cfg
4 Documentation
4 Log
4 PMAC Script Language
Global Includes
Kinematic Routines
Libraries
Motion Programs

O plct.ple I -

WE—CATRE—-3T V€

A Y TV T T
ELL

3
10 ©ZOT055 L% plelplclTBEEL  open plc PhaseSearch
PO=Sys. Time+1. 0; I
while(P0>Sys. Time) {} ; ©
Motor [1]. PhaseFindingStep=1: LH
while(Motor [1]. PhaseFindingStep!=0) {} ; |
Motor [2]. PhaseFindingStep=1; I
whi le (Motor [2]. PhaseF indingStep!=0) [} ; N
2
disable plc PhaseSearch éﬁa
&
[s2al

close

11 Power PMAC IDE DEES LD
Solution Explorer D70y x4 ~2%
BoYwvwo L. [Buildand Download
All Programs] ##&RL. ENFE&S
DYO0—FZRITLET,

* FIED. BICRTLDIC
MotorControl.omh (241 > % 523k
TBDET AR TOOSLEL
TPMACICADYD—RTEEY,

« Fg7. 8ICRI&LDIC
pp_startup.txt IC7 T —XHY—F=F
[FTIOXRYVRARRT ST ET BRI
ABFEIcEY Y R RICBFNICT
I — XY —F%ERTL. Motor(1).
Motor(2)=B#h_L&EJ,
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35 A=/XRIANYIy RSy FERA
D
3-5-1 FEdOBHR
CK3M &8 Y EDERIDECDOVTEHEHLE T,

FECK3W-AX23230
FZCK3W-GC2200

ZEE-SX674

£ EE-SX674 (&, 72 CKBW-AX2323N @ FLAG ¥ DL RIS ¥NENERKL £ T
« PLIMO: X®DIEROA—/NEINJVIIY FRAWF
* NLIMO: X#&DarmaAr—NESN)VUIY hRAYF
« PLIMT: Y@8DIER@A—/NESN)V) IV ERAWF
s NLIMT: Y&8OBHRaA—NrINVYIY ERAYF

PIRE—HIE LT HOMEO ZEeig L1chlZzRL & T,

24V -I V_FLAG 0
ov T
$h HOME 0

35-2 7097309

A=NEINXVYIY ERAYVFOREZTOET,
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B

1  Solution Explorer ™ [PMAC Script

Solution Explorer > @ x
_ wing Error m‘b'@“‘ﬁ‘

Lalnguage] [Global I\ncludes] () 0000000000mull Sesrch Solution Explorer (Crl=) L
’j J Vi b L. [Add] b\ b [N ew 0.000000000mu | = powerPMACT
ltem...] ZZRLF T, b cramuage

> Configuration

4 Documentation

> W Log

4 PMAC Scrint Ianauage

I 3 Newltem.. Ctrl+Shift+A I Add 4
P e Scope to This
fnematic R @ New Solution Explorer View
Libraries | g, S perties Alt+Enter
Motion Prog
> PLC Programs
2  [Name] OMIC [SensorControl.pmh] [ s L
4 installed Sort by Defautt =
ERATU, [AAd] RAVED VYYD e Y
L&ET.
e [ T
Add Cancel

3  Solution Explorer ® [PMAC Script
Language] - [Global Includes] OF
(C&H 3 [SensorControl.omh] %#B3=
F9,

4 +BOFFX % SensorControl.pmh
[CEESAHET,
* RN EDHRTEOABICDNTII.
(88 4 & BEREDHRAANA RS
& PA-D] #B8RLTLIZE0,

Sys. WpKey=SAAAAAAAA

//Overtravel Limit Switch Configurations

Motor [1]. pLimits=Gate3[0]. Chan[0]. Status. a;//*1
Motor [2]. pLimits=Gate3[0]. Chan[1]. Status. a;//x1
Motor [1]. LimitBits=9://*2

Motor [2]. LimitBits=9;//*2

B  Power PMAC IDE DEEEG LD
Solution Explorer D70Y 14 F&2%
BoYwvws L., [Buildand Download
All Programs] =&RL. EJF&A
DYO0—REEFTLET,

Solution Explorer > 1
Search Solution Explorer (Ctri+:) ;

b ¢ B Build
b Rebuild

b Clean

E New Solution Explorer View

P 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

T7Vr=oavH4 N L=¥77TY 45— 3 4F (SBCE-504)
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B

6 Output CEBHIBLIEAERLFE
T

Output

Show output from: | Build

Uploading pp_error_hist.log tile trom the PowerPMAL. A
Uploadine pp_debue.txt file fron the PowerPHAC.

Uploading and synchronizing PousrPHAC variables

Total Project download time = 5.187 seconds.

Total Project build and download tine = 6.187 seconds.

Download successful.

PowerPMAC Messages Terminal [ttty

7  Power PMAC IDE @ Terminal T
[save] ANV FERATLET,

Terminal

g Terminal gellin:Ii

8 Power PMAC IDE @ Terminal T [$$

$] IV RERATLET,

PowerPMAC Messages REIIEN Output

3-53 BEOHEDR (A—=/INFSAILVYIY RZASYF)

FA=NEINNVIIY ERAVFORENELEMET D& %=HRLE T,

1 UTOZEEHPIRTOTHB L%
SALET,
* [Motor(1].PlusLimit]
* [Motor(1].MinusLimit
* [Motor(2]).PlusLimit]
* [Motor{2].MinusLimit]

Watch # v 4 X
Command/Query av Response

Motor[1].PlusLimit 0

Motor[1].MinusLimit 0

Motor[2].PlusLimit 0

Motor[2].MinusLimit 0

2 X®WOEHSBEA—/NESNVUIw R
21w FO [Motor(1].PlusLimit] H*1
ERBEAERLET,

Watch # > 0 X
Command/Query A¥ Response
[ Motor(11.PiusLimit 1 |
Motor(1].MinusLimit 0

Motor([2].PlusLimit 0

Motor[2].MinusLimit 0

3-40
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B

[&]
(3}
3 XBOBHEA—NRSAVYUZIVE  [wemn %~ 1 x &
RAVFD FMoth[H.MinusLimitJ D [ Command/Query av Response é
1 &3 E=HRLET, Motor[1]PlusLimit 0 3
IMD‘[Dr[]].MinusLimit 1 | >
Motor|Z).FlusLimit u E
Motor[2].MinusLimit 0 ™
T <
-
N
A
<
W
r
P
i
S
4 YBHOESEAF—NESINVUIVE [ =TT 2
N i ¥ 1 it
7\;(\ /550) Fl\/lci;or[Zj.Plusl_lmltJ 3 PR——T— ——
CBBICEHERLE T, Motor[1].PlusLimit 0
Motor{ 11.MinusLimit 0 3
[ Motort2) plusLimit 1 |
Motor[2] MinusLimit ]
] @
o
IN
il
LOr
S
s
wl
5 vY#oesaAr-—NrSANVUIVE T % - 1 x
A4 F 0 [Motor(2].MinusLimit] A" ¥ command/query av Response
1 t@é:t%ﬁ@%ﬁbijo Motor[1].PlusLimit 0

Motor[1].MinusLimit
Motor[2].PlusLimit

|Motor[2].MinusLimit 1 I

0
0

3-5-4 R DER
RRDFBEZITVE T,
1 ERRuBZTX@%EBEL. Power

PMAC IDE @ Terminal T [#1 hmz]
IXVRARATLETD,

Terminal

I#'I hmz
BWerPMAC Messages I Output

T7Vr=oavH4 N L=¥77TY 45— 3 4F (SBCE-504) 3-41
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2  NUTOZEHHPELRBENTOSS

EHEERLET,
* [Motor(1].HomePos] : Rt~ 73 I Command/Query 4 flesposs

(viE Motor[1].HomePos 2.71250000000000036
* [Motor(1).HomeComplete] : 1 Motor[1].HomeComplete 1

3 EsuBFTY®HAEBEL. Power
PMAC IDE @ Terminal T [#2 hmz]
IV RERATLED,

Terminal

|#21 hmz

PowerPMAC Messages S UullsEI Output

N piN N nd
4 Lé‘g%;%éggbﬂi%éﬂfu%; IWEltch o
* [Motor(2).HomePos | : Rsx t7j 1 Command/Query 47 Beponss
g Motor[2].HomePos 112.373033447265627
* [Motor(2).HomeComplete] : 1 Motor[2].HomeComplete 1
I

3-42 77V r=2avh4 N L=¥F77) 45— 3 4E (SBCE-504)
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36 HIWIN)ZAF+vTDERE

3-6-1 HEIFOOHR
CK3M EHIWIN/ 2% +F EDBRESEIC DOV TRELE T

FZCK3W-AX23230
4 [ FZCK3W-GC2200

varioSCAN

IntelliSCAN

tHa bOBMEUTOERICHE > THERLE T,

a. DY rO—3EAWN/ XFvFEDFER
iz CK3W-GC2200 M XY Jx4H & & intelliSCAN @ SL2-100 RO A% FRT —TViE
CK3W-CAGO3A THfL &£ Jo

JECK3W-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. DY PO—3EXAMFIVOIx—HhI VT Y b EDFEH
2 CK3W-GC2200 O Z x4 % & DSIB-SL @ DIGITAL IN IR& & %=HBr —7)UiE
CK3W-CAGO3A TH##L & T,

T7Vr=oavH4 N L=¥77TY 45— 3 4F (SBCE-504) 3-43
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B

HZCK3W-GC2200 DSIB-SL

Signal Pin Signal Pin
XY-IN+ 1 >< >< DATA OUT+ 9
XY-IN- 6 DATA-OUT- 8
XY-OUT+ 2 >< >< DATA-IN+ 1
XY-OUT- 7 DATA-IN- 2

36-2 7JnI733Iv9
HIWNI 2%+ FOREETOISIVILET,

1 Solution Explorer @ [PMAC Script > E;m;;;;aii;n
og
Language] - [Global Includes] #H5 PMAC Script Langusge
U \y b L/\ [Add] 7‘)\6 [NeW |tem.] %iag Iﬁ New Item... Ctrl+Shift+A I Add ¥ Bl definitionspmh
COPEIGTHS rControl.pmh
.}fR L/ g @_o = - & fve\:s;n;n Explorer View 'CU""D'Z'“"
& Properties Alt+Enter jisesties
3 Motion Programs
b PLC Programs

-
Global Includes Folder Properties
e

[(Name] O#8IZ [Galvano.pmh]) &E&A T [reneren roweemc v x
N N 4 installed Sort by:| Default B Search Installed Templates (Ctl+E) &
L. [Add] REVAZSHUvVHLET, P G v

Script Programs Header File

o D

Add Cancel

3  Solution Explorer ® [PMAC Script
Language] - [Global Includes] MFIC
&% [Galvano.pmh] #BI=%7,

3-44 77V r=2avh4 N L=¥F77) 45— 3 4E (SBCE-504)
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B

4 BOFFRb%E Galvano.pmh (CEEAH  Sys. WpKey=$AAAAAAAA
F9.
¢ SERAEDREDARBICDONTIE. [584 //SL2-100 Configurations
B BBREDNRRIYA RITE Gate3[1]. SerialEncCtr 1=$82800//x1
(PA-1] #sRLTIZE0,
//Servo Task Configurations
Motor [3]. ServoCtrI=1//%2
Motor [4]. ServoCtr|=1//%2
Motor [5]. ServoCtr|=1//%2
Motor [3]. Ctr I=Sys. PosCtr|//+*3
Motor [4]. Ctr I=Sys. PosCtr|//3
Motor [5]. Ctr I=Sys. PosCtr|//*3
Motor [3]. MaxSpeed=0;//*4
Motor [4]. MaxSpeed=0;//*4
Motor [5]. MaxSpeed=0;//*4

QOLAXYL VAN E 9E

ELL

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

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

Motor [5]. MaxPos=0//%b

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 Ji
Motor [4]. pDac=Gate3[1]. Chan[1]. Dac[0]. a//*7 /i
Motor [5]. pDac=Gate3[1]. Chan[2]. Dac[0]. a//*7 N
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]. FatalFelLimit=0//%9

w

&0L29¢€

&

//Encoder Input Configurations

Motor [3]. pEnc=EncTable[3]. a//*10

Motor [4]. pEnc=EncTable[4]. a//*10

Motor [5]. pEnc=EncTable[b]. 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[b]. Type=1//%12

EncTable[3]. pEnc=Gate3[1]. Chan[0]. SerialEncDataA. a//*13
EncTable[4]. pEnc=Gate3[1]. Chan[1]. SerialEncDataA. a//*13
EncTable[b]. pEnc=Gate3[1]. Chan[2]. SerialEncDataA. a//*13
EncTable[3]. ScaleFactor=1/4096//*14

EncTable[4]. ScaleFactor=1/4096//14

EncTable[b]. ScaleFactor=1/4096//+14

//Enable Motor 6
Motor [6]. ServoCtr|=1//%2
Motor [6]. pDac=Sys. Udata[0]. a

T7Vr=oavH4 N L=¥77TY 45— 3 4F (SBCE-504) 3-45
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B

B  Power PMAC IDE OBES £ Solution
Explorer D70YxH +REGL WL
L. [Build and Download All Programs]
FIRL, EVREADYO—-REZETTL
x99,

Solution Explorer 7 by
G| o-a|p =

Search Solution Explorer (Ctrl+:)

e Buid
Rebuild

Clean und Programs

P New Snlitinn Fynlarer View

Build and Download All Programs I;

TR g

Map PMAC Variables
Export Project with IP Protection...
Export Project Template...
Compare Project
Add EtherCAT
Add EtherNet/IP
Add Macro
3% Cut Ctrl+X
Unload Project

al definitions.pmh
lorControl. pmh
orControl.pmh
ano.pmh

c Open Folder in File Explorer

Properties Alt+Enter ct Properties

6 Output TEEH BV EAERLET,

Show output fram: | Build
Uploading pp_grrar_hist.log tile from the FowerfHAaL.
Uploading pp_dehuz.txt file from the PowerPHAC.

PowerPMAC Messages Terminal [[&{lisl4

Uploading and synchronizing PowerPHAC variables
Total Project download tine = 5 seconds.

Total Project build and download tine = & seconds.
Download successful .

363 arbhO-Jvavr FDER

HIVNS RAFvFDT7 4 — NV OESEREUBICHRELZ T,

1 Power PMAC IDE @ Terminal T
[(Motor(3).pDac=Sys.Udata(0).a] 3
RYRERATLET,

Terminal

‘M otor{3].pDac= Sys.Udata[D]_a|

2  Power PMAC IDE @ Terminal T
[(Motor(4).pDac=Sys.Udata(0]).a] O
XV RERATLED,

Terminal

|Motor[4]_pDac=Sys.Udata[D].a

3-46
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3 Power PMAC IDE @ Terminal T

[Motor(5).pDac=Sys.Udata(0]).a] 3 M
NYURERATLETD,
@
»
S
N
:»,
I|MDtD (5] pDac=Sys. Udata[0] 5 _>\:
3
4 Power PMAC IDE @ Terminal T — ﬁ
[Gate3(1].SerialEncCtrI=$8E800] O it
NURAERALATLETD,
3
w
&
)
-
|Gate3[1]. SerialEncCtri=$8E800 >
7
B  Power PMAC IDE @ Terminal T Terminal E
[Gate3(1].Chan(0].Dac[0)=-20635 | «
32032] OV RAEXRATLET, >
S
&
filt

|Gate3[11.Chan[0]. Dac[0}=-2063532032]

© Power PMAC IDE @ Terminal T e —
[(Gate3(1].Chan(1).Dac[0)=-20635
32032]) ONVFRERATLET,

|Gate3[1].Chan[1] Dac|0]=-2063532032]

T7Vr=oavH4 N L=¥77TY 45— 3 4F (SBCE-504) 347
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[  Power PMAC IDE ® Terminal T
[Gate3[1).Chan(2).Dac[0)=-20624
17920) DXV RAERATLET,

[Gate3[1].Chan[2] Dac|0]=-206241792(]

8 Power PMAC IDE @ Terminal T [$$
$) ANV RERATLED,

Terminal

3-6-4 ERENHE
FIIN/ RF 5 FOREHNELNS EAERLET,

1 Power PMAC IDE @ Terminal T (#3  [omra
j=65536) IVY RFaXA1TL&T,

g’lgl

#3 j=65536)

2  Gate3[0).Chan[0).SerialEncDataA= o
65536 fha s D EAMHSRLF T, Ey—

[1].Chan[0].SerialEncDataA=65536

3-48 F7Vr =348 L=YF7FTU4 - a3 ik (SBCE-504)
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Power PMAC IDE @ Terminal T [#4
j=65536] OANXVRAAATLFT,

Terminal

64 =65536

4 Gate3(1).Chan(1).SerialEncDataA=  [Femmnat
65536 3D E2ERLE o =65536

&
(=2
S
s
>,
N
N
4
<
Nt
S
ks
1]

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

3

w

2

B | Power PMAC IDE ® Terminal T [(#5  [Ferminal 2
j=65536] IVYFE&R1TL&ET, =
-

S

i

&

%

=3

|15 =65536]

O Gate3(0).Chan(2).SerialEncDataA=
65536 MRt BD = HERLE T,

3-6-5 MOTF M XEHE1%atE
MOTF DREHNEE TEL<BELTOBIEEBRLET,

1 Power PMAC IDE @ Terminal T [&1
start 1] ONXYYV REAATL &,

Terminal

1 start 1]

2 X Y®BDUZPE-—REFIN RFE
v FHEEL TEMET BT & A HRL
£9,
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3-7 L—H¥RIREBDEE

371 BEIBOOLR
CK3M & L— 43RS & DERIETAIC OV TRRL & T,

- FZCK3W-AX23230
A 1 FECK3W-GC2200

2 BIo

~

Oo—

TES8VK-S12024 fZS8VK-G03005  ZG3RV-SR500-D MFP
DC24

£ CK3W-AX2323N @ GPIO ¥ & MFP (& ¥ ENIUTDEDICHERL F T,
+ OUT 0: MFP @ PIN5

« OUT 1: MFP @ PING

« OUT 2: MFP @ PIN7

+ OUT 3: MFP @ PIN8

« OUT 4: MFP @ PIN9

« OUT 5: MFP @ PIN18

+ OUT 6: MFP @ PIN22

iz CK3BW-GC2200 @ LASER tiiF & MFP (&, ¥NENIUATDLDICHERL T o
+ OUT 0: MFP @ PIN20
« OUT 1: MFP @ PIN21

372 HAKFL—YDOHN
HA RU—YDEBICHNENB T EEBRBLET,

1 Solution Explorer @ [PMAC Script
Language] - [Global Includes] =%
7') “/bt/\ [Add] 75\6 [NeW I*.J New ltem... Ctrl+Shift+A I 7Adl1 “> chefinniuns,pmn
[tem...] ZZRLFT, = = ; Sc:pemrni; E r[g;r:\t{r::]l:;r,n;;\

Global Includes Folder Properties
T

2 [(Name] o#IC
[LaserDefinitions.omh]) &% L.
[Add] R&E>V%=LSUWHLET,
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3  Solution Explorer ™ [PMAC Script  ptr LaserPower->Gate3[0]. GpioData[0]. 16. 4
Language] - [Global Includes] M ptr LaserLatch->Gate3[0]. GpioData[0]. 20. 1
([CdD [LaserControl.omh] #B§=. ptr MasterOscillator->Gate3[0]. GpioData[0]. 21. 1
EOTEFREEBELELET, ptr GuidelLaser—>Gate3[0]. GpioData[0]. 22. 1

4 Power PMAC IDE @ Terminal T Terminal
[GuideLaser=1] OV RAERATL.
1 RU—HEhSsNTOBEZ &%

SALFET,

IGuwdeLa ser=‘|\

LRORGEL—1 L€

B  Power PMAC IDE @ Terminal T [(#3  [Temninal
j=0] DXV RAERATL.
Gate3(1].Chan(0].SerialEncDataA=
OfMEERDCEZzERLET,

3

o
3
N
it
3=0] -
i
%
7
Watch # v 0 x 5
Command/Query ov Response

Gate3[1].Chan[0].SerialEncDataA \

© Power PMAC IDE @ Terminal T [#4
j=0] DXV FrRERATL.
Gate3(1].Chan(1].SerialEncDataA=
0&EBBEAERLET,

Terminal

J#4 =0l

Watch v 0 X

Command/Ouerv Av¥ Resbonse

| Gate3(11.Chan( 1] SerialEncDataA  -4096 |

——
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T XY T—TUOPRICHA RL—F D
NSNTOWBCE=ERLET,

8 Power PMAC IDE @ Terminal T [#5
=g} J7vYRER1ITL. HAR
L—HYDRRY FENBUTHD &
HHERLE T,

O  Power PMAC IDE O Terminal T
(GuideLaser=0] DYV RAE&1ATL,
A1 RU—¥HEhshThvahl &
HEHERLET.

IGuidaLasaFd

373 7FOJ53v7
L—HREBOREE TOISIV 5 LET,

1 Solution Explorer @ [PMAC Script
Language] - [Global Includes] &5
UwolL., [Add) H5 [New Item..] %3& [ e | =
RLE T, —

J
B New Solution Explorer View
& Properties

2  [Name] O#IC LaserControl.pmh) & R

RATL. [Add] REVZHUYHLF ]
EE

Name:

3  Solution Explorer @ [PMAC Script Sys. WipKey=$AAAAAAAA
Language] - [Global Includes] MTIC
&3 [LaserControl.omh] #B8=. B5DF //Q-Switch Configurations
FRA+EBELET. Gate3[1]. Chan[0]. CompA=$8000D000/ /1
* SERAZEDREDARBICDONVTIE. [554 Gate3[1]. Chan[1]. CompA=$0//+2
B BBREFEDHRINA X5E
(P.4-1)] =#&RLTLZS0, //Laser Output Configurations
Gate3[1]. Chan[2]. CompA=$FFF00//*3
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3 EmTIR
4  Solution Explorer @ [C Languasge] - N B
[Realtlme ROU’[iﬂeS] T\‘Eb U \y b L/\ Libraries
N B8 Realtime Routines
(User servo setup] Z&RL & T, Add et
Scope to This [ usrcode.h
& New Solution Explorer View "ﬁg”raﬁg_"
& Dronertiec Alt+Fnter rumentation
I User servo setup I_
Realtime Routines Folder Properties ‘i‘)
<
, — I
B  [Add a New Function] REY%Z2UYS | @ yeer sevo setp ~ 4 x <
L& &
° =i
Please select a Motor Number to associate with a User Servo or 51:.;
User Phase routine. S
Motor Number: s
Motar O ~ User Servo: it
Motor 1 w |
Motor 2
Motor 3
Motor 4
I .
Mgtg; g User Phase: 3
Motor 7 v e |
Clear All Add A Mew Function Apphy (IA)
3
w
\d,
6 [CalcTableBasedCompare] &% 7L, _ . % 0
[Apply) REVES w5 LET, @ Add User Servo Functi- S
)l
Mew User Servo Oalu:TabIeElasedODmpare| | \’
N
Apply
7 | (Motor 6] ZFRL. [User Servol D5, [ @ yeer semo setum _ 4«
[CalcTableBasedCompare] %R %
I, Please select a Motor Number to associate with a User Servo or
User Phase routine.
Motor Number:
User Servo:
| v
user_pid_ctrl
user_phase
E}@ptOEmpISH
Clear All Add A Mew Function Al
8 [(Aoplyl REVEHUVHLET, @ User Servo Setup o x
Please select a Motor Number to associate with a User Servo or
User Phase routine.
Motor Number:
~]
User Phase:
~]
Clear All Add A Mew Function Ay
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B

O  Solution Explorer @ [C Language] -  static double X old=0;
[Realtime Routines] - [usercode.c] % static double Y_old=0;
2UvoL, BORBKEBRELET, static double SumDistance=0:

double CalcTableBasedCompare (struct MotorData*Mptr)
{

volatile GateArray3 *MySecondGate3|C;
MySecondGate3|C=GetGate3MemPtr (1) ;

double X_now;

X_now=pshm->Motor [1]. DesPos+pshm->Motor [3]. DesPos;

double Y now;

Y_now=pshm->Motor [2]. DesPos+pshm->Motor [4]. DesPos;

double distance;

distance=sqrt ((X_old-X_now)*(X_old-X_now)+(Y_old-Y_now)* (Y
_old-Y_now)) ;

i f (DistanceCountOn) SumDistance+=distance;

X_old=X_now;
Y old=Y _now;

MySecondGate3|C->Chan[0]. CompB=SumDistance;

return 0;

Al Solution Explorer

10 Solution Explorer ™ [PMAC Script
Language] - [Global Includes] #H5 - 5 K
Uwo L., [Add] 55 [New ltem...] =&
RLEFE T, ¥DdEIC. [Name] DFIC

&4 Build
1 1 uage
[TCRConfigurations.pomh] &&4 7L, Rebuid o o progams
N N Clean
[Add] R&R>ZHU VO LET, cs
@ New Solution Explorer View Lide
Build and Download All Programs aries
Download All Programs nibesotES
e R usrcode.c
i it usrcodeh
Export Project with IP Protection... Lration
Export Project Template... lentation
Compare Project
Add Bhesitey 1| roject Properties
Add Macro
¥ cut Ctrl+X
Unload Project PowerPMACI.ppproj
@ Open older in File Bxoh C:¥Users¥010160080¥Docu
HE S SR CTer Buffers (buffer size in MegaBytes)
& Properties Alt+Enter  fffer 16

11 ®“OF+X k% TCRConfigurations.omh global DistanceCountOn

(CESAHFT, Gate3[1]. Chan[1]. CompB=50. 0%1. 414/ /%1

s SIRNEDOBTEDABICDONTIE. [8 4 Gate3[1]. Chan[1]. CompB=50. 0*1. 414+400//*2
B SBRTEDOHRENA 5% //Gate3[1]. Chan[1]. CompB=sskx
(P.A-1)] #B8RLTLIEE 0, Gate3[1]. Chan[2]. CompB=$80000000//%3
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B

12 Power PMAC IDE ®@@ES_LED Solution
Explorer D70V 1o AL YWD

L. [Build and Download All Programs]

FBRL., ELRE&ADYO—-REETL " sune

gi @—O Rebuild

Clean d Programs

Solution Explorer =
@l o-ap =

Search Selution Explorer (Ctrl+)

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... E

Export Project Template... L
Compare Project

Add EtherNet/IP
Add Macro Properties

% ot Ctri+X

Unload Project PowerPMAC1.ppproj

@ Open Folder in File Explorer C¥Users¥010160080¥Docu
&  Properties Alt+Enter (buffer size in MegaBytes)
‘ 16

13 Output TEEHBOC EABRLET.  [owm

Show output from: Build - ‘ |
Uploading pp_error_hist.log tile trom the FowerFmAL.

Uploading pp_debug.txt file from the PowerPHAC.

Uploading and synchronizing PowerPHAC variahles

Total Project download time = 5.218 seconds.

Total Project build and download time = 23.01 seconds.

Download successful .

"
*
1]
i%

PowerPMAC Messages Terminal {903

374  L—-¥RIEBOR
L—HRIRESODND—REP L —FHEDOICODERIER=TOE T,

1  EBEELEBBLAYY A vFH OFF
ERSTNBIEAERLET,

2 Terminal T [LaserPower=$1] O~ T —
VRAERALTLED,

ILa serPower=$1

3 Terminal T [LaserLatch=1] %Y
Faes170L&T,

Terminal

LaserLatch=1

T7Vr=oavH4 N L=¥77TY 45— 3 4F (SBCE-504) 3-55
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3 #&HF

B

4 Terminal T [MasterOscillator=1] 3

Terminal

NV RERATLET,
5 Termma| c Terminal

[Gate3(1].Chan(2].CompB=
$CO00000]) XV RAEAATLET,

IGateS[‘I].Chan[Z]_Com pB=%C DDDDl)d

6 L—HDENhSNTOB T EAFESRL
F9,

7 Terminal T Termrimal]
[Gate3(1]).Chan(2].CompB=%$0] O ,
NYURERATLED,

I|Gate3[1].Chan[2].CompB=$0 I

3-7-5 ERTEDHERR
FEDOREHELFTONIDE, ERICHIHTHED ESDICE > THERLET.

1  Solution Explorer @ [PMAC Script  [Soiuton txpierer < ¥ x
Language] - [Motion Programs] @ Wo-alp -
TECHD [Dr08/| DmC] %Eﬁ%éﬁ@"o Search Solution Explorer (Ctrl+) P~

[ PowerPMAC4

System

C Language

Configuration

Documentation

AT T T T T

Log
PMAC Script Language
Global Includes

b
4 Kinematic Routines
3 Libraries

4

Motion Programs

@ progl.pmc

p PLC Programs

2 NITHAIZIOSSL%E
progl.pmc [CEZAAHFE T,
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3 T

B

3 Power PMAC IDE DEEELD EloionEgie ~ 7 x
Solution Explorer D70y 14 2% @ o-a|p =
Eb U v b L/\ [BUIld aﬂd DOWI’1|Oad Search Solution Explorer (Ctrl+3) L~

All Programs] #®iRL. EJRE&EAX [m] PowerPMACA

- .
N YA T B System ks Build
DYO0—-FERTLET, g _
4 C Language Rebuild
B Configuration Clean
i Documentation
b Log New Solution Explorer View w
4 PMAC Script La Build and Download All Programs I ;l
P Global Inclu. Lownioad All Frograms <
b Kil tic Ro|
NEMAUERS " Map PMAC Variables I
b Libraries ) ) . 3
” Motion Progr Export Project with IP Protection... Pﬁg
O proglpm Export Project Template... =
b PLC Programs Compare Project %‘E
Add EtherCAT g
Add EtherNet/IP &l

Add Macro
¥ cut Ctri+X

w

Unload Project
c Open Folder in File Explorer

#  Properties Alt+Enter
w
3
&
3
: - 9
4 Output TEENIRBOIEAERLE IR =

_9‘—0 Show output from: Build -

M @Eﬁb\%ﬁﬂbfc%/ﬁ\ﬁ\ OUtDUt T“I Please wait while loading the project.
S—ORBEEEL TS,

Uploading pp_error.log file from the PowerPMAC.

Uploading pp_proj-log file from the PowerPMAC.

Uploading pp_error_hist.log file from the PowerPHAC.

Uploading pp_debug.txt file from the PowerPMAC.

Uploading and synchronizing PowerPMAC variables

Total Project download time = B.825 seconds.

Total Project build and download time = 46.143 seconds.

Download successful -

5  Power PMAC IDE @ Terminal T
[save] DXV RAEARATLE T,

* #&YTIBE. Terminal [C “Save
Completed” &EFRRSNFE T,

6 Power PMAC IDE ® Terminal T [&1  [remina
start 1] XV RERATLET, Saving To Flash: Mounting the flash

ving To Flash: Fini SAVING to flash

Completed

|&1 start 1|

T ELNINTETLBIEARERL
7,
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HIESEDN A I I A X iE
E—

KETE BBREDHAINA RTTEICDOVTRELF T,

4-1  globaldefinitions.pmh
4-2 MotionOnTheFly.pmh
4-3 MotorControl.pmh

4-4  SensorControl.pMh........c e e

4-5 Galvano.pmh
4-6 LaserControl.pmh
4-7 TCRConfigurations.pmh
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4 BBEREDHNARINA RXTTE

4-1 globaldefinitions.pmh

BBOOVIOPRROBADREZTOT7 71V TT,

No. INTG X =4 L]

1 Coord(1].SegMoveTime IR OO HEFE % ms B TIBEL £ T, KBHN
STVFE FEBBMMIOEDEE TN StESBKRICLY CPU D5t
gamaptkE<tguUEd,

*2 Gate3(0].PhaseFreq TJI1—XO0VODRERAEEBELE T, KXMEHNKETVFE SRV
— TR EDNIBAESREEICITAZ I N, STESBKRICKY CPU D5t
gamikE<guUEd,

*3 Gate3(0).ServoClockDiv Y—ROOVIODDBEEAEELEF T, MMEMNNSVDIFE UBIN—
TR EDNIBASBEICITAZIN. STESBRICKY CPU DETE
aEtKE<RBRYE T,

P—ROOY OEEHIEAREBICIYNTDEICRY ET,
Y—RoOOv OB

=7 1—XXH 0V ORERE/(Gate3(0]).ServoClockDiv+1)

*4 Sys.PhaseOverServoPeriod MURICRTB=RELET,

Sys.PhaseOverServoPeriod
=1/(Gate3(0].ServoClockDiv+1)

*5 | Sys.ServoPeriod UTRICRIEBASRELE I,

Sys.ServoPeriod
=1000*(Gate3[0].ServoClockDiv+1)/Gate3(0]).PhaseFreq
*6 Gate3(x].PhaseServoDir JI—RODVOEY—RODVOEEDIZY FHSHIGT B H
ZIELE T,

4-2 77V r=2avh4 N L=¥F77) 45— 3 4E (SBCE-504)



4 BBEREDHARINA XTTE

4-2 MotionOnTheFly.pmh

MOTF #eEICRT B/ EZTTD 7 71V TT,

No. ING X =4 BiLi]
*1 KdgainX XECPWOT MOTFICHERITZ 74 I RDFRKAEELF T, KE
MINSOVIFEE AN/ RF v FOEMESEENIAET<BUE T, ANE
AN/ RF+ FDEIETEDEBEERAPRERTEDSLVN
SWVMBICSRETDET, JUBRGIEZTDENTEFT,
*2 KdgainY FEEDOY DT 1 VARG EIEELF T,
*3 GalvoSftX XeIHBT 2 U —FOBENEH FEDEMR) ICNTBANN/ E—
A2EDNUE (Evh) #EELE T, (B Ev bk EREMD
*4 GalvoSfyY DY #@OBEIEEL T,
5| &1 BAER 1 ICA VY N—=RFRIYT A ORBELTE 1. 2. 3. 4 #Z|
#1->1; URITTOET, BB SEEF T D55, o0z BAZR(ICEIY
#2->I; NFICOHZEICEARBEZBREL TIZE0,
#3->1;
#4->1;

T7Vr=oavH4 N L=¥77TY 45— 3 4F (SBCE-504) 4-3
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REDHARNA XTE

4-3 MotorControl.pmh

UZPE—RAIECEITEREEZTDOI 71V TT,

No.

ING A=A

steA

*

Motor(x].ServoCitrl

H—AREEHETOE X (CDOTIE 1 #HELE T, KETIE 6 8%
FBALTOLETH. LU DEHHAFERT 55
Motor(y].ServoCtri(y>B)ICDWOWTH 1 #BEL T IZ=0,

Motor(x].pEnc,
Motor(x].pEnc2

WMXxDIV—TT74—FNvHELTEBRIBIYI—NT—T )%
BELF T AETRWER—1 VT VHOROIYI—HT—T )
ZEUNTFTOET,

Motor(x].EncType

WX DIYI—FBRIZHE/ELE T ABCRERRTYI—H%
HRELTWBIH, 6 ZH-ELF T,

Motor(x].PosUnit

X DIERBMUEEELE T, AETIE mm Bz EBI S, 3
EeHELTOET,

EncTable(x].Type

TYO—RT=TVOHAERAEZBELE T ABTEZ 4 —FN
Vo 32 EY FHRALLTBICH, 1 ZBELTVET,

EncTable(x].pEnc

IVO—ART—TIxHEMIBLUIRK%EEELE T, XETIE
£ CKBW-AX2323N 1= h CTEt&cNIc 7« — RN v HfE%Z R
BLTLWE T,

EncTable(x].ScaleFactor

2 CK3W-AX2323N 1=v 24 EV F) OF—R&=IVI—H

F—7) 32EvV ) [CBST B L TOEMBRE 1/28 #IEE L&
ER

Motor(x].AmpFaultlevel

PoTI7x—IrENATOT4TETBN O—FPHT4T7ETB
NERELE T ABTFINAFPHTATELET,

Motor(x]).FatalFelLimit

Hx CEBEGEZRILTIREBOARSSZIB/ELT T, REMZDO L
SEBLOICE FUNSOHEZREL TSV, LT, RER
BHFELELEGZDFBSNEVHREIE FUYKRSOVEZREL TSI
=0

%10

Motor(x].PhaseCtrl

BRIV—T 728 xICOVWTIE 4 #RELE T AETIE XY R
7—IT Direct PWM SIS Z2BRLTOEITH PFOTEFE
HIE® EtherCAT Bl S 2 BRI %6 0ICRELTLIES
Lo

*11

Motor(x].pPhaseEnc

E—RD7A—ENVIOUBZRSIBHLIRR%ZIBELE T,

%12

Motor(x]).PhasePosSf

No.11 TESLICIRENEN SEEXA (0~2048) \DOEMFE =
EELE T, BHRICEUTORICEDVTHELE T,

2048xA

PhasePosSf=

ZCZ T, AldGate3(0).Chan(x].PhaseCapt ™ 1 NV RBI-UD
RS%=IBELF I, LIDA4AS [FIEFKE 1 BEd7-Y 0.02mm.
PMAC ORIBAEIE D 16384 Tha71cd. 0.02/16384 #IFEL
9,

Ffc. BERE—AXDBSAED 1 0T d5RSEZEELT T, AET
BRI D) ZPE—4&IL ECL(Electrical Cycle Length)h* 36mm
Thdich, 6 %#HELET,

%13

Motor(x].PhaseOffset

BHE—LXDERA (0~2048) DABEZEELFT. =BE—
ADIHEIF,. 683 F71o(F-683 7Y F T,

*14

Motor(x].pAdc

Y—IRPYTNEDT 4 — BNV OBRBEHMAC LY X 5%
ELETo AEBBTIE Direct PWM A >R 7 T =D SHAMD I
BeERALTLET,

%15

Motor(x]).AdcMask

No. 14 DLUIRADSE, EOEY F T4 —RNvHEBELTRE
RIBD%EEELET. COEBRY—RPVIICEHSNICERE
EFHHID AD IV N—BOAARICIGUTERELF T,

77V r=2avh4 N L=¥F77) 45— 3 4E (SBCE-504)



4 BBEREDHARINA XTTE

No.

INTG X =42

eA

16

Motor(x].pDac

IV EO—5DRBENEEZESAE UIREDEEY RUREIEE
L&E9, SOFF CKZW-AX2323N D U487V 48/ W BEHED
LIYRADENETHD DI, ¥DEETHS U8
(Gate3(0).Chan[0].Pwm(0)) %= EL £,

17

Motor(x]).PhaseFindingDac

71-RYI7 PR —FHRICERITSLNORESZE/ELF
Fo 7I—RU T2 LYRY=FDHET LBWEERF PHHARBL
TOBTRRMD BB, AEEZRSILTIICS 0. &foo 71—
RV 7Y RY—=FPIC2TFault DRAT—RRABRBHREET B
BEE BHERDEBEZBATVSICD, AEZ/NS LT
=L

18

Motor(x).PhaseFindingTime

71 -RY TP LY R —FORMEDKS = HB/ELET T, 7
I—RUDTPLUYRY=FHET LBVEEE Az KEHEICH
ELTLICS W, &Floo 72 —RXRU TP UV RY—FD(C I2TFault
DRT—RRAREDFEET BBEF BNERDIESEZBA TS
foh, KEZ NS LTLIES,

19

Motor(x]).PwmSf

Direct PWM B HDREEIBEL & T 7L 2 IF 16384 TT,
PWMSBEDT 2—F 4 44 2D 100%E 350K DIC, BE.
2L >I0 BRFBICHELE T,

ywd-joQu0DI0I0N E-1

ANSA=REFBALTVB Y —RPYTOHKIIGUTHREL T
<fEEle

*20

Motor(x]).MaxDac

E—ARBLOY—ARP YV TDOEGESEREBAIEELEF T, UTD
RICEDOTEELTLIZS L,

c0s30°x32767% EHEISER
T4 —RNVOSROT IV IER

MaxDac=

SOEBITHHESBE XE, YHEBITY—RPY TOERELER
DADINESWN D, b—RP Y TOEHGERBREEBLE T,

£ CK3A-G310L: 20A rms

INC-5716D0-0S: 9.88A rms

INC-5723D0-0S: 14.82A rms

Fio, T4 —RNVEOBRO LV IEH CK3A-G310L D4k
[CED= 31.35Arms #HALF I,

21

Motor(x].I2tSet

E—RBIOY—RTP YV TORBEERERELZIBEL & T T
ORICEDOTHEL T ZES L,

c0s30°x32767x RISETEILER
T4 —RBNVOEROD IV IER

12tSet=

SOERT oS X8, YEELICY—RP Y TOBRESER
OAINEWOcD, $—RPYTORBETEEERBEZHFBLET,
fZ CK3A-G310L: 10A rms

INC-56716D0-0S: 3.08A rms

INC-56723D0-0S: 4.62A rms

22

Motor(x]).12tTrip

E—ARPRLOV—AR7 Y TORBETEBERBOHDIEEIEEL
F9, UTORICEDOTEHELTLICT W, BB CKIA-
G310L DL B 2 ELF T,

12t Trip=(MaxDac?+1dCmd?-12tSet?) X Fr B85 (1)

%23

Gate3(0].Chan(x]).PwmDeadT
ime

PWMESDOT vV XA L% IIALHORICIEELET, TV RA
A LEUTORTHELF T,

DeadTime=0.0533 u s X Gate3(0]).Chan(x]).PwmDeadTime
KEFY—ARP Y TOEZRIG U THREL T IZE0,
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No.

ING X =4

e

%24

Gate3(0].Chan(x]).PwmFregM
ult

PWM BHERE%Z 15kHz ICEREL & T PWM BREIGIAT DR
THBLE T,

PwmFreqMult+1

PWM
2

f x 7 T — XREPRE

PWM BR#IE. 40kHZ IR TH DU —h P> TORSANERE
ICHUTEREL TS S,

05

(Gate3(0].Chan(x]).PackOutDa
ta

U/NV/WHBODBALIRAEZNDEEL L= 2@ TxY L. &E3 7
W) R LZRIRTBICOICEMR T+ — v b EBHICHELFT.

£ CK3W-AX2323N Zz AL TOBFEIFDEIFEELZWVLT
<frEEl

%26

Gate3(0].AdcAmpStrobe

ADC Strobe Word (Direct PWM BEICHWOWTIV FO—2H6Y
—RP YV TRET BHMIER) #IBELE T, NMEGT—RPV T
DHERICGLCTEBLTLIZE 0,

%7

(Gate3(0].AdcAmpHeaderBits

T4 —FNYOBRET —RICEEINBINVEDEY FEIEEL
FFo AMERY APV TOHKRICIHUTEEL T ZE o

*28

Gate3(0].AdcAmpClockDiv

Y—RP VT TERT —R%EHMAG AD IVN—=2DHO vV o1E
SEREEIEELE T,

%9

Gate3[0].Chan(x]).PackIinDat
a

U/N/WABDANLIZAEZDEODZHAELZE 20 TREY L. &K
PIVTY XL RIRIBIOICEBT + — <V b= BHICREL &
To

£ CK3W-AX2323N Z AL TOBBEIFDEIFEELZWVLT
<fEElo

%30

Gate3(0].Chan(x].AtanEna

EFRTYI—A%HATIHEICBEHELE T, NVRATYD—
AWV YPNVIVI—B=ERATEHEERE 0 Z2REL TS,

%31

(Gate3(0].Chan(x]).EncCtrl

TYI—ROTI—FARERELET. AETF. 45EABE
CWTFI—F%=®ELET,

*32

Motor(x]).PosSf,
Motor(x].Pos2Sf

BRI -RAZY R TCHELIET 4 — NV OECESUE
EDERAEBEIBELEZ T,

ESCRT Y I—REAKIE 1 Bf#id1cY 16834 NJVRAhDV &
BB E. FIEBLTOBERRTYI—&D 1 BfidIcY
0.020mm Td s, 0.020/16384 & L&E T,

77V r=2avh4 N L=¥F77) 45— 3 4E (SBCE-504)
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4-4 SensorControl.pmh

A=NEIANNVIIYVRRAYFICRETBEREZTOIPZAIVTT,

No. NG X—=4 B

*1 Motor(x]).pLimits FT=NEINWI IV R RAVFOERELUIRAEIEELE T,

*2 | Motor[x).LimitBits F=NESRNVYZY R ZRAVvFOBRBELIZZ(No. D>,
EDEY ~EBRIBZIHEIBELE T,

ywd-|oQuU0DIoSUSS Y-
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4 BBEREDHNARINA RXTTE

4-5 Galvano.pmh

HIVN/ R+ FDOHEICEET S

Nes

X AE

w1127 74T,

No.

ING A=A

steA

*

(Gate3(1].SerialEncCtrl

THRICEHDEHBYICHELE T,

*2 Motor(x].ServoCtrl H—REEHETOWX (CDOOVTIE 1 2#RBELEF T, AZTE. 6%
FALTOLETH. UL AERT 55
Motor(y].ServoCtri(y>B)ICDWOWTH 1 #BEL T IZ=0,
*3 Motor(x].Ctrl HIVN/ R TEUBHEIEE T DI, Sys.PosCtrl #58FLF T,
*4 Motor(x].MaxSpeed BN/ GHOROREAIBELF T, SOIRAREERAED
ETBIH0AEEELF T,
*5 Motor(x]).MaxPos HIVN/ BEOIEBRUBDRAKEBEISELF T, SOEEHETS
o, 0&EELE T,
*6 Motor(x].MinPos HILN/ HEOIESUEDR/IVBAIEELF T, SOEEHETS
o, 0%EELE T,
1) Motor(x].pDac IV RO—2DSPHEESACLUIRADEE P KLU RAAEEE
LE I, SOEHE CKEBW-GC2200 D XY BHBOL Y RAHEH
FThd1-H, Gate3(1).Chan(x].Dac(0)#EEL £,
*8 Motor(x].pLimits FILN/ SEHOA—NESNJVY =Y hAEBELE T, SOIFED
EgBH, 0FEBBELE T,
*9 Motor(x].FatalFeLimit X CBEGARILETRESOASSZIETLE T, AN/ RF
Y FIFCDEREEEDCTBDIDIC0AELBELE T,
*10 | Motor(x].pEnc WX DUBIV—T74—RNvHELTERBIT AT VI—ET—T
WARIBELE T, KETR#MERA—T VT VHROIY I—XT—
TWAEREURFTOETD,
*11 | Motor(x].pEnc2 WX DREW—T74—FNvoOELTERIBDTVI—E7—T
WAEIBELEF T, AETR#MERA—C VT VHROIY I—XT—
TWAEREURFTOET,
*12 | EncTable(x]).Type ITYO—R7—TDOEAREEBELEF T, AETIEF 71— KN
vOBAE 32 BV RRAELTBDICH, 1 ABRELTOETD,
*13 | EncTable(x).pENnc IYVO—RT—TIUX D EBRIBLUIRAEZIBELE T, AEZTlE
£ CKBW-GC2200 2= v + Tst&E LIcigEmBEA B HhL £ 7,
*14 | EncTable(x).ScaleFactor SL2-100 7—&® 20Ev k) #T>Y3—&7—T)U (32EV )
[CHBT B O COEBRFEE 1/212 #I8ELFE T,
IE
2 <182, £ 8|7 8
® S0 |QS S ® < ®
S ARG [ m| Y 2
o olal2 2 cg' Q 8
[2] (0]
31(30(29(28(27|26(25|24(23|22|121]20|19({18|17|16|15(14|13|12(11|10{9 |8 | 7 | 6 1
o|jo|jo|jojo|jo|jofofo|jojofof1jofojojojoj1foj1t1jo 0 0 0
0 0 0 8 2 8 0 0
. — > —_
E’T 2 g <
= o|3 3 x| <
@ Es 3 o |
32l lelsa] & |3|E
D> Q |®
9.1 @) o Q m —
(%) 5| G 3 a | %
bo(2lz] 2 (B8
s B8 |

Command PositionDiR&
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