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SH100/300/SH500 PLC Programming and Application Manual

Brief

Preface

The SH Series PLC, independently developed by SLANVERT, is a new-generation compact controller
featuring EtherCAT communication for real-time data transmission and robust motion control capabilities,
and its flexible 1/0 extension enables adaptable system configuration.

FB/FC encapsulation improves engineering efficiency by reducing repetitive development.

With multi-protocol interfaces (RS485, CAN, Ethernet, EtherCAT), the SH series adapts to diverse network
architectures.

Available in four models (SH100/SH300/SH500), the SH series mid-sized controllers address automation
demands requiring compact dimensions, multi-axis control, temperature regulation, and industrial
networking.

This manual details programming fundamentals, quick setup, bus communication, motion control, and high-
speed counter implementation for SH300/SH500 series PLCs.

Version Change Log

Date Version Content
202502 V1.0 First version issued
202506 V1.1 Update SH100

Manual Acquisition
This manual is not shipped with products. To obtain the PDF file, please:

Log on to the official website of SLANVERT (https://www.SLANVERT.com.cn), Download", search for
keywords and download the PDF file.
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1 General

1.1 Introduction

1.1.1 Product Introduction

The SH series is SLANVERT’s next-gen compact PLC. It supports EtherCAT bus communication and multi-
level networking through RS485, CAN, Ethernet, and EtherCAT interfaces. With robust motion control, distributed
1/0 control, and FB/FC functions for process encapsulation and reuse, it is widely applicable in industrial automation
to ensure efficient operation, precise control, and seamless communication for equipment.

The SH series compact controllers include four models (SH100/SH200/SH300/SH500), addressing diverse
requirements for small-to-medium-sized automation equipment. Optimized for space-constrained environments
requiring multi-axis motion control, precision temperature regulation, and industrial networking, the SH series
controllers deliver excellent performance in providing robust control for efficient and stable operation of various
automated systems.

1.1.2 Software Introduction
AutoSoft, SLANVERT's programming software for small PLCs, features an intuitive programming and
debugging interface. It enables flexible communication and control implementation and is compatible with multiple
programming languages like Ladder Diagram (LD), Sequential Function Chart (SFC), and Structured Text (ST),
catering to different users' programming habits and needs.
AutoSoft's Features:
€ Flexible Communication: Supports PLC communication via COM, USB, and Ethernet interfaces, enabling
efficient data exchange while facilitating remote operation and collaborative debugging;
€ Comprehensive Network Support: Configurable for Modbus and CANopen protocols, simplifying multi-
protocol integration and enhancing workflow efficiency.
€ Precision Motion Control: Offers a wide range of motion control instructions, such as axis positioning,
electronic cam, interpolation, and flying/chasing shear, meeting intricate automation requirements.
€ Diverse Debugging: Provides multiple debugging functions, including motion trajectory graph, monitoring,
online modification, oscilloscope, and fault diagnosis, shortening debugging and troubleshooting time.
€ IP Protection System: Implements password-protected upload/download protocols, device authentication,
and access restrictions to prevent unauthorized acquisition and operations and secure user's intellectual

property.
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1.1.3 SH Series Specifications
(1) SH100 Series Specifications

Name

Specification/Description

1/0 Configuration

Max. 1/O points

16(8 input/8 output)

Extension module

quantity None
User program 16K steps
capacity

User File Capacity | patq capacity 2K Bytes are saved at power outage;
Data block size 8000 D components, 32K R components
Basic commands 0.2us/each

Command Application

P .

rocessing Speed commands A few ps to several hundred ps/each

1/0 points 8input/8 output (X0~X7 input, YO~Y7 output)

Soft Component
Resources

Auxiliary relay

2048 (M0~M2047)

Local auxiliary relay

64 (LMO~LM63)

Special auxiliary
relay

512(SM0~SM511)

Status relay

1024 (S0~S1023)

255(T0~T255)
(1) 100ms accuracy: TO~T209

Timer (2) 10ms accuracy: T210~T251
(3) Ims accuracy: T252~T255
(4) Ims accuracy: DTON/DTOF/DTACR (function blocks)
264 (C0~C263)

Counter (1) 16-bit increment counter: CO~C199

(2) 32-bit increment/decrement counter: C200~C235
(3) 32-bit high-speed counter: C236~C263

Data register

8000 (D0~D7999),

Local dataregister

64 (V0~V63)

Variable addressing
register

16 (20~Z15)

Special data register

512 (SD0~SD511)

Interrupt Resources

External input
interrupt

16 (trigger edge settable, for X0~X7 rising/falling edges)

High-speed counter

comparison interrupt

interrupt 8
Internal timing 3
interrupt

Serial interrupt 6
PTO output 3
completion interrupt
High-speed 8

Communication

1 RS232(COMO)

Special Functions

Ports 1 RS485(COM1)

Protocol Modbus, free port,

High-speed counter | X0~X7 X1/X2: 50kHz, X2-X7:10kHz
Total input frequency: <60kHz

High-speed pulse YO-Y7 YO0/Y1/Y2: mx. 100kHz

output Y4-Y7: normal output

Digital filtering

X0~X7 use digital filtering, 0-60ms

Subroutine call

Up to 64 user subroutines, with 6-level nesting. Local variables support, max. 16
parameter passes per subroutine, and variable aliases supported

Special Functions

User program
protection

Upload password

Download password 3 formats, <8 alphanumeric characters, case-sensitive

Clock password

Subroutine encryption | <16 alphanumeric characters, case-sensitive

Other protection Format and upload inhibition supported

Programming

AutoSoft
programming
software

Run on IBM PC or compatible PC
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(11) SH300 Series Specifications

Table 1-1 SH300 Series Product Specifications

Name

Specification/Description

1/0 Configuration

Max. 1/0 points

512 (256 input/256 output)

Extension module

Total I/0 and special modules < 16

qty.
User program
capacity 200K steps
User File Capacity Data capacit 128K Bytes for user soft components, ~84K Bytes battery-backed;
pacity 1M Bytes for custom variables, 128K Bytes battery-backed
Data block size 8000 D components, 32K R components
Basic commands 0.039us/each
Command Application
Processing Speed commands A few s to several hundred ps/each
1/0 points 512 input/512 output (X0~X777 input, YO~Y777 output)

Soft Component
Resources

Auxiliary relay

10240 (M0~M10239)

Local auxiliary relay

64 (LM0~-LM®63)

Special auxiliary
relay

1024 (SM0~SM1023)

Status relay

4096 (S0~S4095)

512 (TO~T511)
(1) 100ms accuracy: T0~T209

Timer (2) 10ms accuracy: T210~T255
(3) Ims accuracy: T256~T511
(4) Ims accuracy: DTON/DTOF/DTACR (function blocks)
264 (C0~C263)
c (1) 16-bit increment counter: CO~C199
ounter

(2) 32-bit increment/decrement counter: C200~C235
(3) 32-bit high-speed counter: C236~C263

Data register

8000 (D0~D7999), 32768 (R0~R32767), 32768 (W0~W32767)

Local data register

64 (V0-V63)

Variable addressing
register

16 (20~215)

Special data register

1024 (SD0~SD1023)

Interrupt Resources

External input
interrupt

16 (trigger edge settable, for X0~X7 rising/falling edges)

High-speed counter

interrupt 8
Internal timing

. 3
interrupt

Serial interrupt 6
PTO output 8
completion interrupt
High-speed

comparison interrupt

16 (for local counter commands)

Communication

1>asynchronous serial port (0): RS485, 1>USB port,

Special Functions

Ports 1>CAN port, 2>Ethernet ports,
2>extended serial ports (RS-485)
Protocol Modbus, free port, _
N:N (SLANVERT dedicated), supports 1:N and N:N networks
High-speed counter | X0~X7 200kHz * 8 channels
High-speed pulse YO~Y7 200kHz * 8 independent channels (transistor output type
output only)

Digital filtering

X0~X7 use digital filtering, others use hardware filtering

Subroutine call

Up to 64 user subroutines, with 6-level nesting. Local variables support, max. 16
parameter passes per subroutine, and variable aliases supported

Special Functions

User program
protection

Upload password

Download password 3 formats, <8 alphanumeric characters, case-sensitive

Clock password

Subroutine encryption | <16 alphanumeric characters, case-sensitive

Other protection Format and upload inhibition supported

Programming

AutoSoft
programming
software

Run on IBM PC or compatible PC
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(IIT) SH500 Series Specifications

Table 1-2 SH500 Series Product Specifications

Name

Specification/Description

1/0 Configuration

Max. 1/0 points

512 (256 input/256 output)

Extension module qgty.

Total I/O and special modules < 16

User File Capacity

User program capacity

200K steps

Data capacity

128K Bytes for user soft components, ~84K Bytes battery-backed;
1M Bytes for custom variables, 128K Bytes battery-backed

Data block size

8000 D components, 32K R components

Command
Processing Speed

Basic commands

0.039us/each

Application commands

A few ps to several hundred ps/each

Soft Component
Resources

1/0 points

512 input/512 output (X0~X777 input, YO~Y777 output)

Auxiliary relay

10240 (M0~M10239)

Local auxiliary relay

64 (LM0~LM®63)

Special auxiliary relay

1024 (SM0~SM1023)

Status relay

4096 (S0~S4095)

512 (TO~T511)
(1) 100ms accuracy: T0~T209

Timer (2) 10ms accuracy: T210~T255
(3) Ims accuracy: T256~T511
(4) Ims accuracy: DTON/DTOF/DTACR (function blocks)
264 (C0~C263)
c (1) 16-bit increment counter: CO~C199
ounter

(2) 32-bit increment/decrement counter: C200~C235
(3) 32-hit high-speed counter: C236~C263

Data register

8000 (D0~D7999), 32768 (RO~R32767), 32768 (W0~W32767)

Local data register

64 (V0~-V63)

Variable addressing
register

16 (20~Z15)

Special data register

1024 (SD0~SD1023)

Interrupt Resources

External input interrupt

16 (trigger edge settable, for X0~X7 rising/falling edges)

High-speed counter

interrupt 8
Internal timing interrupt | 3
Serial interrupt 6
PTO output completion 8

interrupt

High-speed comparison
interrupt

16 (for local counter commands)

Communication

1>asynchronous serial port (0): RS485, 1>USB port,

Special Functions

1>CAN port,
Ports 2>Ethernet por@s,
2>extended serial ports (RS-485)
1>EtherCAT communication port, supporting up to 48 real axes, 64 total real and
virtual axes, and up to 72 EtherCAT slaves.
Protocol Modbus, free port, _
N:N (SLANVERT dedicated), supports 1:N and N:N networks
High-speed counter X0~X7 200kHz * 8 channels
High-speed pulse output | YO~Y7 g(r)]:))lf)Hz * 8 independent channels (transistor output type

Digital filtering

X0~X7 use digital filtering, others use hardware filtering

Subroutine call

Up to 64 user subroutines, with 6-level nesting. Local variables support, max. 16
parameter passes per subroutine, and variable aliases supported

Special Functions

User program protection

Upload password

Download

password 3 formats, <8 alphanumeric characters, case-sensitive

Clock password

Subroutine

. <16 alphanumeric characters, case-sensitive
encryption =ioap ’

Other protection Format and upload inhibition supported

Programming

AutoSoft
programming
software

Run on IBM PC or compatible PC

1.1.4 Networking Solutions
(1) SH300 Series Networking Solutions
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The SH300 series features CAN, Ethernet, and RS485 interfaces for multilevel network communication,
supporting diverse applications. It integrates 4 high-speed inputs and 4 high-speed outputs, enabling 4-axis pulse output
control and 4-axis encoder counting, as shown in Figure 1-3.

Host PC 16-channel right
programming extension module
11l

N18080

1-channel left
extension

=
S
S
S

RS485

Dual Ethemet port

ERP 5
MES 1 Robot
3 Barcode scanner

verr

mn
Local 4-channel encoder input
PN

Local 4-channel pulse axis output

L

24V power port

|

pp— | 8

-Iidilll a
p—

5-—-'8'

Figure 1-3 Typical Application Topology

(11) SH500 Series Networking Solutions

The SH500 series features EtherCAT, CAN, Ethernet, and RS485 interfaces for multilevel network
communication, supporting diverse applications. It integrates 4 high-speed inputs and 4 high-speed outputs, enabling
4-axis pulse output control and 4-axis encoder counting, as shown in Figure 1-4.

Host PC 16-channel right
programming extension module
= ~
1-channel left extension l I I I

- Dual Ethernet port

N

¥ ERP ,

N3 == \ES § Robot

NS e 3 Barcode scanner
EtherCAT -

Local 4-channel encoder input

EX

Local 4-channel pulse axis output

- -
T
CANopen i
- - ' -

IR T T
i i i i~ * 24V power port

Figure 1-4 Typical Application Topology
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1.2 Software Acquisition and Installation

1.2.1 Acquisition
AutoSoft software is available free of charge, please log on to the official website of SLANVERT Electric
(https://vww.SLANVERT.com/en/), "Services and Support- Software Download", search for keywords and download
the installation package.

Note
» SLANVERT continuously improves its products and updates technical data. For optimal application, please
maintain current software versions and consulting the latest documentation as needed.

1.2.2 Installation Requirements
The PC for installing AutoSoft should meet the following specification:

Item Specification
(0K Windows 7/10 (64-bit recommended)
CPU Processor Speed 4GHz minimum
Memory 4GB minimum
HDD 5GB minimum

1.2.3 Installation Steps

Get the latest installation package from SLANVERT's official website. Here take installing
VCPLC_Setup_V1.12.10.1 on Windows 10 as an example.
(1) Unzip the "VCPLC_Setup_V1.12.10.1.zip" package.

B} AutoSoft Setup V1.0.exe

(2) Double-click "AutoSOft_Setup_V1.0.exe", select language in the pop-up box, and then click “OK”.

AutoStudio - InstallShield Wizard -

MT SRR TR S -
S

3L (EED v
AL

(3) Click the “Next”.
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# AutoStudio InstallShield Wizard =

ZX ¥ #E F AutoStudio 1.12 InstallShield
Wizard

InstallShield(R) Wizard $ETE AN E ], HITE AutoStudio
1.12. TR, BRET—F"-

B FEREERUENERRRAERIP -

<E—%® e

#5 AutoStudic InstallShield Wizard pod
HAER
EHLA TSR -

ArfEu:

[#indows User

(4) Click the “Next”.

B
[FrC

AR R
@ ERFHAHEELA @ CRFERAY
() RERAA D) (windows User)

Installshield

(5) Click "Change" to select the installation path if needed (default recommended), and then click "Next".

ﬁ AutoStudio InstallShield Wizard *

Emi sk
BH TS HEENINE SRS B EERT AR k-

15 AutoStudio ZFHEF|:
C:\Program Files (x86) WEICHI \AutoStudioV 1,12, 10,1} B(0)...

InstallShield

< F—%18) B

(6) Click the “Install”.
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# AutoStudio InstallShield Wizard

CSITESS P N
A5 EFIHETE-
&
EEEHENIIEERE, BRE L% - BHEIEELODS-
HEEE:
FEEHA:
:::Ead]
BRIzt
C:\Program Files (x86)\WEICHI\AutoStudiotV¥l. 12,10, 1%

MPER:
#a=: Windows User
ME: PERC

InstallShield

< b—im) | Ead) 2B

x

(7) Wait for the installation.

1 AutoStudio InstallShield Wizard —

T3 AutoStudio \v‘-
e IR FRTRE -

Instalishield Wizard [E7E272 Autostudio » &SR IREEI 5 HEMT

Be

#as:

75 M FiEEMEE

< F—#E | T—HW >

(8) Then, a "USB Driver" dialog box will pop up, and click the “Next”.
SEENREEEAS

KA R EHEDEFREMS!

SRR . AR
PREVERER Iy Snatn

B, FRET—5" -

(9) After the "USB Driver" is installed, click "Finish" to complete the software installation.
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ﬁ AutoStudio InstallShield Wizard x

InstaliShield Wizard>c B,

Instalishield Wizard A ThithZrdE T AutoStudio « BAE"TERE”
et =

o]= =

< b e

1.2.4 Uninstallation Steps
Take uninstalling VCPLC_Setup_V1.12.10.1 on Windows 10 as an example:
1) CIickE on the desktop, then click in the opened interface to access the "Windows Settings" interface.

- - o %

Windows 128

I = N b - [ 2 cncie. & SE0mme

&
i
=
i

®
X
§

Ry omomm

B B mmm T R P e O B

Q

W .

(2) Click "Apps" to open the "Settings" dialog.

¢ gm = H X
ab
® zm RzFFOThRE
soursa
[ mmam 2] 2] 202475113
3D EES 16.0 KB
i Microsoft Corporation 2025/2/14
| = smmme - Adobe Acrobat DC 23265
5 ROAA AutoSoft 106 MB
2025/3/18
o A 1D
0 EFRSONE s e
o CADSERRPADSF M

5 R E caommEe
Cortana
Microsoft Corporation

P 0572015 BluePrint 5.1 CAM350 121 372 MB

(3) Click "Uninstall” to open the "AutoSoft Uninstall Wizard" dialog.
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Rz FA0ThRE

v
=

-0

30 =EHE

Microsoft Corporation

. Adobe Acrobat DC

SOARA m AutoSoft

EinE 10
FIFTFFRERIRIAR

R CADSERIPADSFAME
B

CADERIF&

Cortana
Microsoft Corporation

P 0572015 BiuePrint 5.1 CAM350 12.1

106 MB
2025/3/18

5%

2024/6/7

2024/6/7

16.0KB

2024/5/13

372 MB

(4) Locate and click "AutoSoft Vx.x.x.x™" in the "Apps & Features" interface, then click "Uninstall”, and wait
for the uninstallation to complete.

=3
o~

S

|AutoStudio

Windows FTEEIE AntoStudios HIHSF

fess

EERERR.
—
R V4.10.0.0 609 MB
2024/4/30
309 MB
2024710717

1.2.5 AutoSoft Main Interface

The main interface consists of: Menu Bar, Toolbar, Project Manager, Program Editing Area, Instruction Tree

Window, Output Window, Status Bar.

File Edi Vi O _Ladder| PLC Debu Tool(D) Window Hel|
BBLS Q2 | ne|ABEE | &arrBdhTRE TEMR
+ AH 4ok s OO — | =ba t 4 3
9 - = [instruction Tree Tk
& Template B 50— "
[ Global Variable m W # H Basic instructions
=1 [¥] System Variable mfp— — > # R Comparison instructions
1 _Mchxis 1 ++ B Timing and counting instructions
_ECATMaster = [Gomment # H Program control instructions
_ECATSlave #H Data transmission instructions
Element Comment 21 Integer operation instructions
Struct 11 H Floating point arithmetic instructions
Function Block Data | Comment o B Accumulator instructions
=¥ Variable Table #H Word logic instructions.
1 vAR_1 =B Rotation shift instructions
&5 Program Block # H Bit processing instructions 5
i MAIN [ # R High speed 10 instructions
5] SBR_01 2/ Control calculation instructions
I/ INT_01 ¥ H External device instructions
[F! FB Function Block — I ++ B Real time clock instructions
IF! FC Function & H Date time comparison instructions.
[E Data Block +H Data conversion instructions
il E System Block & Word contact instructions
© Extension Modules # H Communication instructions
@ ECAM + B Data verification instructions
Cross reference table # A Positioning instructions
Element browse table 4 H Data comparison instructions
i ™ Element monitoring table @ R String processing instructions
Element Memary Table 4 [ Data processing instructions
i1 = Instruction Wizard # H Data black processing instructions
=% Communication Configuration + H Data table processing instructions
- COMD 4 Cam and gear instructions
- com1 4 H EtherCAT communication instructions
- COM2 # H Axis group instructions
& CAN ~ || # R CANOpen axis instructions
M EtherNet v |LE = 4 B MC axis control instructions I
O

Data Block Statistic - (0)Eror
System Block Statstic - (0)Ermor
m Bo 0)Error, (22) st

(Custom Variables Statisti: - Hold(0/131072), Not Hok(0/917504), Pointer(0/4096)

Jornep presrt

Overwrite 3

Row: 8 Col:

Description of software main interface:

No. Function

Description

®

Area

Program Editing

Edits user programs.

@

Project Manager

Includes parameter management, variable management, program management,

10
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Area and configuration management for PLC projects.
® Toolbar Provides shortcuts for file management and programming/debugging tools.
@ Menu Bar Contains settings for programming, debugging, communication, etc.
® Instruction Tree | Displays loaded slaves and instruction sets supported by the selected PLC. It
includes Ladder Diagram and ST toolboxes, which switch based on the current
editing interface. The toolboxes differ only in their supported instruction sets.
® Output Window | Displays compilation status, communication status, find results, etc.
@ Status Bar Shows PLC status, fault status, PLC firmware version, scan cycle, etc.

11
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2 QuickStart
2.1 General

This section helps users quickly grasp programming and debugging through simple examples and instructions of
common programming and debugging functions.

2.2 PC-PLC Communication Connection

2.2.1 Overview
A PC with AutoSoft can communicate with a PLC via USB or Ethernet for program upload/download, monitoring,
and debugging. Ethernet-based connection supports hub/switch connections or direct links, enabling both multidrop
networks and dedicated point-to-point configurations.

HMI

EtherNET

Switch

EtherNET

EtherNET

2.2.2 Ethernet-based Connection

Ethernet-based PC-PLC communication requires target PLC selection and IP/device hame configuration.

=]

EtherNET

Target PLC Connection

Target PLC connection via Ethernet involves two configuration scenarios.

(1) If the PLC IP is known, configure the communication type and device IP, then connect.

1. Connect the PLC to the PC with an Ethernet cable.

2. Double-click the “AutoSoft” shortcut to open it.

3. Navigate to Tools > PLC Communication > Connection Settings in the menu bar, or click * lin the toolbar
to open the “Connect” box.

-12 -
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Connect X

() serial

COomM1
Serial port to connect: 'y

Baud rate: 2400

Ousa
USB port to connect:
(@) Etherhlet

Search
Net card to select:

LA 192.168.1.200 o

1P Address: | 192 . 168 . 1 . 10 |

Port: |991ﬁ |

[[IHigh delay mode ~ Timeout(s): 1

4. Configure parameters in the “Connect” box:
mSelect “Ethernet” and set the connected net card;
mEnter the PLC’s IP address in “Device IP”.
mClick “OK” to check connection success.

Note:
>  Click “PING” to test the network connection between the PC and PLC.
»  Confirm the PC's IP resides in the same subnet.
»  Select the correct network address if multiple exist.

(2) If the PLC IP is unknown, use the search function to find the target PLC device.
1. Connect the PLC to the PC with an Ethernet cable.
2. Double-click the “AutoSoft” shortcut to open it.

3. Navigate to Tools > PLC Communication in the menu bar, or click ~* in the toolbar to open the “Connect”

box.
Connect %
O Serial
Serial port to connect: & comi
Baud rate: 2400
(use

USB port to connect:

(@) EtherNet
Search
Net card to select:

12, 7 B 192.168.1.200 -
IF Address: 192 . 168 . 1 . 10
Fort: 9016

[THigh delay mode  Timeout(s): 1

4. Select “Ethernet” in “Connect” box and click “Search” to find PLCs on the local network.

-13-
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Zonnect

(O serial
Serial port to connect:

Baud rate:

2400

X
PLC Search

Search in local area network
Search in range
Start Address:
| 1 . 18 . 1 . 0 ‘

End Address:

Ouss

USB port to connect:

(@ Ethertiet
Search

Net card to select:

7Bl 192.168.1.200

TP Address:

.
192 0168 . 1 . 10

[IHigh delay mode ~ Timeout(s): 1

Port:

Test 0K Cancel

|192.IEE. 1

Search Result

Search Cancel

P
1 [102.168.1.10

PLC

MAC Address

2A:34:53:08:94:88

Name

0K Close

mWhen the PLC and PC are connected through a switch, only PLCs in the same subnet as the PC can be found.
mWhen the PLC and PC are directly connected via an Ethernet cable, PLCs in the same or different subnets can

be found.

5.

Select the target IP from the search results and click “OK” to auto-fill it to the “Remote IP” field. Click

“OK” again to establish the connection.

Note:

»  Click “PING” to test the network connection between the PC and PLC.

PLC IP Address/Name Modification

Users can modify the PLCs’ IP address and name as needed to differentiate them.

1. After connecting to the target PLC, click the “PLC(P)” in the menu bar, then click “PLC Name Setting”, enter

the new device name, and click “OK”.
PLC(P) Debug(D) Tool() Window(W) H

Run(R) F5 l
Stop(S) F6 0
Reset(0) |
Compile(Q) Ctrl+F7 |
Compile AlI(A) 7|
Upload(U)...

Download(D)... F8

Generate Datablock From RAM(G)...

Program Compare(M)
Password Setting(W)... 3

Clear PLC Error(L)

Clear PLC Element Value(E)
Clear PLC Program(P)
Clear PLC Datablock(H)
PLC Format(F)

Restore Default Config(D)

PLC Name Setting(N)

PLC Information(l)...

PLC Clock{K)...

PLC Executable Package(A) (3

Name Setting

Mame:

fory

oK Cancel

2.2.3 USB-based Connection

Target PLC Connection

1. Connect the PLC to the PC with an USB cable.

2. Double-click the “AutoSoft” icon to open it.

3. Navigate to Tools > PLC Communication in the menu bar, or click' " in the toolbar to open the “Connect”

box.

-14-
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4.

Connect

() serial

Serial port to connect:

Baud rate:

USB port to connect:

() Etherlet

Net card to select:

LA 192.168.1.200
P Address:

Port:

["IHigh delay mode  Timeout(s):

Test

X

2400

USBO ~
Search

192 . 168 . 1 . 10

9016

1

Select “USB” in “Connect” box and click “OK” to check connection success.

2400

() serial
Serial port to connect:
Baud rate:
AutoStudio
@ UsSB

USB port to con

| Successfully connected to PLC via USB

() Etherhet
h

Net card to sele
LS P 102, I iy l
IP Address: I L Lt
Port: 9016
I:|High delay mode Timeout(s): 1

Test oK Cancel
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2.3 Programming Process

The figure below illustrates the programming and debugging workflow for a typical SH500 series PLC
application.

i T
Start

b, -

' | I

New SH500 Project

e .L A
' "y
Target PLC
Connection
e A
¥
y e T e -
i Configuration N
|
[

[
| | |
| [
| . 4 ¥ . 4 ¥ 4 L J [

= [
S > [} m
! sel| 2| B 59 |83 g5 &~ 2 |
| CRS = = 25| |58 55 23 % 2
] 3 = ® = 25 23 S =3 |
| @ @ o > =}

[
| L ) J !
N - LSkip this step if no configuration is needed. «

i et
Programming and
Compilation
e .L v
' Ty
Download,
Monitoring and
L Debuigmg )
' Ty
End
b o

Note:
»  *Configuration steps are optional when operating with the SH host unit alone.
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2.4 Programming Example

2.4.1 Requirements

Design two control buttons (X0 and X1): When X0 is pressed, Y0 output is ON; when X1 is pressed, YO
output is OFF.

2.4.2 New Project

1. Double-click the AutoSoft shortcut to open it. Click “File>New Project” in the menu bar or click & in the
toolbar.
File() Edit(E) View() Ladder() PLC(
|
Open Project(0)... Ctrl+O
Save Project(S)
Save Project As(A).. [
Close Project(C)

Change PLC Type(I)..

Save File(B Ctrl+5
Close File(E)

Program File Export(U)...

Program File Import(l)...

Print{P)... Ctrl+P
Printing Setup(R)...
Printing Preview(\V)

1 CAUsers\.\Template\Template

Exit(X)

2. Select the default editor and select SH523 as the PLC type in the pop-up box. Enter the project name and
select the project location, then click “OK” to create the project and enter the main project interface.

New project X

DTemporary project

Project name: |123 |

Project location: |C:'\Users'w5415'&D0cuments'\123'\ |

Project description: | |

Default editor: Ladder chart w
PLC series and types: WVH500 Series b
EtherCAT bus and lightweight type PLC -~

(1)Support custom variables, FB function blocks, FC functions, ST language

(2)Up to 32 axes, support motion control (linear interpolation, circular interpolation, electronic cam,
and electronic gear)

(3)Support CANOpen

(4)Support Ethernet Modbus-TCP master-slave protocol

(5)8-channel 200kHz pulse output, 8-channel 200kHz high-speed input counting

(6)1 RS485, 2 Ethernet, 1 CAN interface, 1 EtherCAT, 1 USB interface

(TS unnnrt loft avnancinn madula and nn ta 16 rinht avnancinn madolac

oK Cancel

Note:
»  Projects created and saved with higher AutoSoft versions cannot be opened with lower versions.
»  Projects created with lower versions can be opened with higher versions, but their version will be upgraded
and cannot be reopened with lower versions.

2.4.3 Target PLC Connection

Here take Ethernet-based connection as an example (refer to 2.2.2 Ethernet-based Connection for details).

17
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2.4.4 System Configuration (Optional)

For SH523 PLC configuration (Saving Range, Constant Scanning Time Setting, Data Block Validity, Left/Right
Extension Modules), modify settings in [Project Manager]>[System Block] and download to apply. Configuration of
left/right extension modules requires auto-scan or manual module addition via [Project Manager]>[Extension
Modules]. Skip this step if no configuration is needed.

1. Unfold “System Block” in the Project Manager and configure as needed.

System Block x
=43 System Setting Default Value
£ Saving Range Group 1
i & Output Table Elementtype: Starting position of saved elements. Number of saved elements:
- Set Time . i |E = |0 =
i~ Input Filter emen = ~. Clear
# Input Point Element S: |0 = |0 = Clear
- Advanced Settings ElementD: |O - |0 - e
ElementC: |O : |ﬂ : Clear
Element T: |0 : |0 : Clear
ElementR: |0 : |0 : Clear
Group 2
Elementtype: Starting position of saved elements: Number of saved elements:
Element M: |O : |ﬂ : Clear
ElementS: |0 : |0 : Clear
ElementD: |0 : |0 : Clear
Element C: |2ﬂ’ﬂ : |ﬂ : Clear
Element T: |0 = |ﬂ = Clear
ElementR: |0 = |ﬂ = Clear
The configuration parameters must be downloaded before they become effective. Not all types of PLC supporteach
system block option. View the system block option supported by the PLC by pressing F1
s -
H 113 . 9 .
2. Double-click “Extension Modules” in the Project Manager.
m AutoSoft - [C\Users\v4151\Documents\SH\SH.vpr]] - O X
J File(F) Edit(E) View(V) PLC(P) Debug(D) Tool(T) Window(W) Help{H)
EPERS® \ IS IEEEESREEIETLE] T E
J ¥ | | [LAF 47k Atk 4ot st it |
Project Manager nx ™ MAn)j/V [} Extension Modules* x ] | Module Tree nox
=-5d SH(SH524)
=-[ul] Global Variable BE Left Extension Modules ~
2-[=] System Variable T SH-4DI-RTC
_Mchxis - SH-4DO-RTC
_ECATMaster 'E SH-RS485-RTC
i[T] _ECATSlave T SH-RTC
--[Z] Element Comment 1 SH-2ADTDA-I-RTC
[Z] Struct T SH-2AD1DA-V-RTC
--[Z] Function Block Data - sH-4DI
E-[F] Variable Table - sH-4D0
[T] WAR1 - SH-RS485
=-BF Program Block T SH-2AD1DA-I
[ MAIN - SH-2AD1DA-V
--[5] SBR_01 =] ﬁ Right Extension Modules
-[T] INT_01 - SH-DOOBETN
-{F] F& Function Block T SH-0008ETP
-|F| FC Function = | sH-0016ETN
.[Z] Data Block T SH-0016ETP
t-[] System Block T SH-0800END
o] Extension Madules T SH-1600END
@ E-CAM T SH-0808ETN
Cross reference table - 1 SH-D80BETP
222 Element browse table - .E SH-4AD
£ Element monitoring table - SH-8AD-I
[Z] Element Memory Table < » - SH-BAD-V "
=, . .. -
Output Window o x
|| 4] »| w|" Compile Commnication Converticn Find |]( >
For help, press F1 Overwrite Row

18
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3.

Add modules by double-clicking it in the right “Module Tree” area according to the actual installation order.

8 AutoSoft - [C:\Users\v4151\Documents\SH\SH.vprj] - o X
File(F) Edit(E) View(V) PLC(P) Debug(D) Tool( Window(W) Help(H)
BERS | 2 5i[[i5] Sl rpmleut e G-
v | [ \ \
Project Manager B X | [M]MAIN" £} Extension Modules* x | || Module Tree 2 x
-5 SH(SH524) XU
-] Global Variable 0 10, Y30, T SH-2AD1DA-V-RTC ~
=-[=] System Variable T SH-4DI
[F] _McAxis T SH-4DO
[F] _ECATMaster o SH-Rs485
[F] _ECATSlave T SH-2AD1DA-
[£] Element Comment T SH-2AD1DA-V
[E] Struct | = Right Extension Modules
[£] Function Block Data T SH-0008ETN
©-[F] Variable Table T SH-0008ETP
[F] vAR 1 T SH-0016ETN
1-3%5 Program Block T SH-0016ETP
[ MAIN T SH-0800END
[5] sBr_O1 T SH-1600END
[T INT_01 ™ SH-0808ETN
[F] FB Function Block T SH-0808ETP
[F] FC Function P — T SH-4AD
[£] Data Block T SH-8AD-I
System Block b
tod Extension Modules T SH-4DA
7R E-CAM T SH-8DA-I
Cross reference table ol T SH-8DA-V
B Element browse table ¥ T SH-4PT Y,
‘Output Window 2 x
[{] ] ] >\ Compile { Commnication [ Convertion Find T< >
For help, press F1 |Overwrite Row
[aspN -IC ents\SH\SH.vpr] — [m] x
File(F) Edit(E) View(V) PLC(P) Debug(@) Tool Window(W) Help(H)
BB | [ e IEEEESEE T TEE
v \ SH-4AD o X
Project Manager Module 10 INT(D, R, W, Var) Modue Error Status: INT(D R, W, Var) ~ Hl| (o A
- SH(SH524) ‘ | E
[u1] Global Variable M SH-2AD1DA-V-RTC ~
] System Varisble Module Version: INT(D,R, W, Var) T shaoi
] Meaxis [ Automatically assign address 7 sH-400
] :ECATMEstw Channel 0 T sH-RS485
[F] ECATSlave HEnable M SH-2AD1DA-I
+[E] Element Comment Conversion mode: Fiter parameter: i M sH-24D1DAV
g iw# . T 5 > - Right Extension Modules
- = t SH-0008ETN
= v:r:ia;: T:jg o Digital output range: Sampled Data: INT(D,R, W, Var) } H ETp
[ var1 (® -20000~20000 ()-32000~32000 T SH-0016ETN
85 Program Block Channel 1 T SH-0016ETP
5] :::er\;l Anable - SH-0800END
SH-1600END
% |NT701 Conversion mode: Filter parameter: } SH-0BOSETN
[F] FB Function Block -10ve10v > 3 e T SH-0808ETP
[F] FC Function Digital output range: Sampled Data: INT(D,R W, Var) T sH-4AD
[Z] Data Block @ -20000~20000 (O-32000~32000 [ T sH-8AD-1
-] system Block |sH-84D-V]
g Evicnion Mocies| Chamnel2 ; SH-4DA
£-CAM [AEnatie T sH-80A-1
ross reference table Conversion mode: Filter parameter: - SH-8DA-V
lement browse table 10V~ 10V - 8 J L T8 SH-4PT v
e siirEs Digital output range: Sampied Data: INT(D,R, W, Var) B
®-20000~20000 O-32000~32000 [
v
W] 4] v] o], Compile Commnication Convertion Find T< >
For help, press F1 Overwrite  |Row

Exit the interface after configuration.

2.4.5 Programming and Compilation

1.

19
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=[] Global Variable = o
=] System Variable Nf— — >
[F_McAxis

[J] _ECATMaster — [comment

[ _ECATSlave
[Z] Element Comment
-[E] Struct

[Z] Function Block Data — | Comment

=-El Variable Table
CIVAR_1

=25 Program Blo
MAIN = | comment

51 SBR_O1
INT_01

[F] FB Function Block _
Comment

~|F] FC Function
-[=] Data Block
=+E System Block
{7 Saving Range
[# Output Table
-7 Set Time
-[& Input Filter
[F Input Point
[F Advanced Settings
£ Extension Modules
- E-CAM
Cross reference table
Element browse table
= Element monitoring table
[Z] Element Memory Table v

<

Compilation information will be displayed at the bottom of the main interface after compilation.
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1.

<

N

2.

3.

4.

oy

2.4.6 Program Download and Debugging Monitoring

Navigate to “PLC>Download” in the menu bar or click “in the toolbar to download the program. If the

PLC is running, click “OK” in the pop-up box.

_C(P) Debug(D) Tool(T) Window(W) Help(H)

M mal

N x

E @ || EE|E

n[] T &

Comment

Mo
S

—_—

Yo

3

Comment

Comment

AN

Comment

AutoStudio \

Comment

| Note:

the operation?

PLC is in Run status, are you sure to stop PLC and continue

AE

Then the Download box will pop up.

After downloading, a prompt will ask whether to set the PLC to Run status; click “Yes”.

Click “Debug>Monitor” in the menu bar or @ 'in the toolbar to monitoring program debugging.

Download

Download Option
[-Jiuser Program
[l Global variable table
[~ system slock
(] pata Block

Other Option
[Joisable upload
[Jupdate PLC Clock

[[Jinmalize hold type elements and variables

Element Memory Option

(0-7989)
(0-10239) 0
(0-32767) 0

(0-32767)

(o] | o

AutoStudio

o Are you sure to set the PLC to Run status?

20 =0
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LC{(P) Debug(D) Tool(T) Window{(W) Help(H)

Qe IE=EEN IEY vhlmerus
x M MAIN x |
N
— | Comment
Ma 0
N1 i K
Set Elements *
— | Comment P
Bit Element 5
\ Element:
\ Mo - L
— | Comment
- y
I ON I OFF Inverse
— | Comment Word Element :
Element: Decimal number ~
| | g
= | Comment Value: :
| | Set
Close
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3 Software Model
3.1 PLC Operation Mechanism

The SH Series PLC operates on a scan cycle model, sequentially executing four cyclic tasks:

User Program Execution 4

1/0 Refresh | | Communication

Housekeeping

Figure 2-1 PLC Operation Mechanism

1) User Program Execution

Executes the user program’s command sequence sequentially, starting from the first main program command
until the end command is executed.

2) Communication

Process programming commands (download/run/stop) from software.

3) Housekeeping

Handle system housekeeping, such as refreshing panel indicators, updating software timer values, and refreshing
special auxiliary relays and data registers.

4) 1/O Refresh

Include output and input stages.

Output stage: Turn on or off hardware outputs based on Y-element states (ON/OFF).

Input stage: Update X-element states (ON/OFF) from hardware input on/off status

3.2 Constant Scanning Time Setting

The constant scanning mode ensures fixed-duration scan cycles during PLC operation. Activate this mode and
set the constant scanning time in the “Set Time” page under “System Block” in AutoSoft. The default value is 0
(disabled); users can set it to 10ms, as shown below.

System Block X

=& System Setting
~/# Saving Range

Default Value
& Output Table

0> Set Time

i Input Filter

= Input Point Watchdog time setting:

L& Advanced Settings 200 S oms

Constant scanning time setting

10| > ms

Note: The constant scanning time setting cannot be larger than the watchdog time

E BE B
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Note:
»  The constant scanning time setting cannot be larger than the watchdog time.
»  If the actual scan time exceeds the set value, the program will run according to the actual scan time.

3.3 User Program Watchdog

The watchdog timer monitors program execution time per scan cycle. If it exceeds the set value, the system
stops and then restarts the user program. Set the watchdog time in the “Set Time” page under “System Block” in
AutoSoft.

System Block X

=43 System Setting
o oming P Default Value
= Output Table
5> Set Time
= Input Filter
- Input Point
= Advanced Settings 200 = ms

Watchdog time seting:

Constantscanning fime setting

[ = s

Note: The constant scanning fime setting cannot be larger than the watchdog time

E BOE FEED

3.4 User File Download/Storage

Users can program and control the main module by downloading specific user files.

(1) These files include four types: Program Block files, Data Block files, System Block files, and user auxiliary
information files (containing global variable tables and user data source files).

(2) When selecting Program/Data/System Block files for download, related user auxiliary information files

will be automatically bundled and downloaded together.
Download X

[~] Global variable table
[»/] system Block
[~] Data Block

Other Option
[ pisable upload
[Jupdate PLC Clock
[ mitialize hold type elements and variables

Element Memory Option

Element Memory Table

Element D: (0-7999) 0O - 7999
Element M: (0-10239) 0O - 10238
Element R: (0-32767) 0 - 32767
Element W: (0-32767) © - |32767

Download Close

3.5 Element VValue Initialization

During the STOP—RUN transition, PLC initializes soft elements using the following data sources in priority
order: Table 3-1 Initialization Priority Order for PLC RUN Mode
Memory Type Power OFF—ON STOP—RUN
Power-down save value Highest Highest
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Data blocks* Medium Medium
Element value retained* — Low

*Requires corresponding options enabled in System Block > Advanced Settings.

3.6 User Program Security

PLC implements multi-level security strategies for program protection:

) Ladder(l) | PLC(P) Debug(D) Tool(T) Window(W) Help(H)
Run(R) A EROIETEE
Stop(S) BB jl-OOFE — | =ba t +

M MAIN Reset(0)

—————  Compile(Q) Ctrl+F7 E
= | Comment
Mo Compile All(A) F7

J

Upload(U)...
Download(D)... F8
Generate Datablock From RAM(G)...

— | Comment

Program Compare(M)
~ [Comment_
Clear PLC Error(L) Upload Password(U)

Clear PLC Element Value(E) O e FESIeml(E]
—[comment Clear PLC Program(P)
Clear PLC Datablock(H)
PLC Format(F)

— | comment Restore Default Config(T)

PLC Name Setting(N)
PLC Information(l)...
PLC Clock(K)...

PLC Executable Package(A) »

Description of user program security settings:
Function Description
PLC Format Enab_ling and downloading "PLC Format Prohibited" in thfe System _BIock prevents
Prohibi deletion of user programs, system blocks, or data blocks via formatting. To disable this
rohibited - : . o
function, re-download a new system block without this restriction.
Download Password Restricts access to the download function.
Enabling "Upload Prohibited” during download blocks program upload even with a
valid password.
To disable this function, re-download user data and select "Allow Upload" in the
download box.
Upload Password Restricts access to the upload function.
Clock Password Restricts access to the clock setting.
Encrypts main/sub/interrupt programs. Encrypted programs cannot be viewed/edited
without the correct password.
Encryption: Right-click the program — Encrypt/Decrypt — Set password.
Decryption: Right-click the program — Encrypt/Decrypt — Enter password.

Upload Prohibited

Program Password

Note:
» 5 consecutive failed password attempts will trigger a 5-minute lockout on SH-series PLCs.

3.7 System Configuration

Power Failure Data Retention Settings

1) Trigger Condition

Upon detecting a power failure, the system stops the user program and saves the element data within the
specified range in the System Block to the power failure backup file.

2) Data Recovery on Power-Up

If the backup file is valid after power-on, the specified elements' values are restored to their last saved state.

Elements outside the save range are cleared. If the backup file is missing or corrupted, all elements are cleared.
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3) Range Configuration
Configure element saving range in System Block > Saving Range, as shown below.

System Block X
R} Syste Setting Default Value
®
@ Output Table Elementiype: Stariing pasition of saved elements: Number of saved elements:
= Set Time Elomenti |D - |D =
- Input Filter emen = = Clear
= Input Point Elements: [0 B [0 = Clear
& Advanced Settings ElementD |D : |D : -
ElementC: [0 B [0 = Clear
ElementT: [0 = [0 = Clear
ElemeniR: [0 = [0 = Clear
Group 2
Elementype:  Starting position of saved slements: Number of saved elements
Elementh: [0 = [0 z Clear
ElementS |D = |D = Clear
ElementD: [0 = [0 = Clear
ElementC |ZDD = |D = Clear
ElementT: [0 = [0 = Clear
ElementR: [0 = [0 = Clear
The mustbe befrs they become sffective. Notall ypes of PLC support each
system black option. View the system block option supported by the PLC by pressing F1

Note:
»  For the SH100/300/500 series PLCs, element data is saved in non-volatile memory.

3.7.1 Input Filter

The main module's input points (X0~X7) feature digital filtering to remove interference signals. Adjust the input
filter constant via the System Block> Input Filter, as shown below.

System Block X

(=14} System Setting
@ Saving Range
= Output Table

Default Value

E Set Time
>
@ Advanced Settings

The configuration parameters must be downloaded before they become effective. Not all types of PLC supporteach
system block option. View the system block option supported by the PLC by pressing F1

3.7.2 No Battery Mode

The SH series main module support operation without a battery or under low battery voltage. In this mode,
battery-related errors will not be reported.
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System Block XK

-4} System Setting

: Default Val
-7 Saving Range P———
[ Output Table
F Set Time [[]Datablock valid
= Input Filter The PLC will initialize the D registers with the datablock.

= Input Point (The "Datablock valid" and "Element value retained" are both valid, and the "Datablock valid” is in priority)

5> Advanced Settings
[CJElement value retained

During the setting, the element value will be saved as image in the process of switching from STOP status to RUN status, it
cannot be initialized. (exceptfor elements that defined in saving range)

(bl batery model
When setting the bit under the condition of system battery failure, the battery backup data lost error and forced table lost
errorwill notbe reported

[[]Formatting is prohibited

When setiing the bit, the PLC formatting cannot be implemented
(Be careful in selecting this option. If the function and the download password are set atthe same time, and if you forget the
password, you cannotuse the PLC)

D Large end mode

Small end mode: The high bytes of data are saved at high addresses in memory, and the low bytes of data are saved at
low addresses in memory.
Large end mode: The high bytes of data are saved at law addresses in memary, and the low bytes of data are saved at
high addresses in memory.

3.7.3 Data Block Configuration

A data block sets default values for D/R elements. After compilation and download to PLC, PLC initializes D/R
elements using these values during startup.

Configuration Steps:
1. Click Data Block in the Project Manager to create a data block.
2. Assign initial values to D/R registers (data memory) in the data block editor. Users can assign values to words or
double words, but not bytes. To add comments, put double-slash before a string.
3. Click System Block>Advanced Settings, and check Datablock valid.
4. Compile and check Initialize Variables in the download box.

DO 3000 1t
D2 1000 dint
DD4 65.0 REA

RO 500 € § NT

4.Check Initialize Variables when downloading
< >

Note:

»  Follow steps 1-4 to activate the data block.

»  Values are assigned only during download.

»  No register address overlap in data blocks; or compilation errors will be reported.

3.7.4 Element Comment
Element comments assign meaningful symbolic names to PLC addresses, accessible project-wide as global
variables. These symbols are defined in a global variable table containing three attributes: VVariable Name, Variable
Address, and Comments.
1) Comment Definition Rules:
Combine letters (A~Z, a~z), numbers (0~9), underscores, or Chinese characters;
Cannot start with a number or be numeric-only; Case-insensitive, <8 bytes;
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Avoid element type letters+numbers; avoid reserved keywords: e.g., data types, command names, or
operators;
No spaces allowed in variable names.

2 @ Global Vaible ElementComment X Y M S T C $M S Z D R W
[ gE System Variable Variable Name Variable Address Comments
‘ [ McAxis 1
-] _ECATMaster 2
-] _ECATSlave 3 ABC X0 start
.El Element Comment 4 X1 stop
-l Struct 3 X2 reset
[l Function Block Data
1] Variable Table
-CTVAR 1

2) Element Comment Import/Export
Users can export all element comments or selected element-type comments, as shown below.

=kl lemplate(VH523)
[+l Global Variable

~
EIementCommentlx Y M S

T C SM

SDZERW

EHE] System Variable Variable Name Variable Address Comments
[ _Moaxis ' allexport single expart
[0 _ECATMaster 2
-7 _ECATSlave 3 ABC X0 start
[ BE| Element Comment 4 X stop
-1/ Struct 5 X2 reset

%] Function Block Data
E1[E] Variable Table
CIVAR 1
=+5 Program Block
-1 MAIN

3) For batch element commenting: Right-click and select "Export" to export a .csv file, edit it, save, and then
close it. Then right-click and select "Import” to import the edited file.
[M] MAIN | [£] Data Block” [ul] Element Comment * x R
Element Comment X Y M S T © SM SD Z D R W
Variable Name Variable Address Comments
1
2
3 ABC X0 start
4 VA stop
5 Sequence Fill(+1) reset
Sequence Fill(+2)
CutD Ctrl+X
Copy(©) Ctrl+C
Paste(P) Ctrl+V
Select AlI(A) Ctrl+A
Delete(D) Delete
Insert Row(l) Shift+Insert
Delete Row(L) Shift+Delete
New Row(N)
Move Up(U) Ctrl+Up
Move Down(F) Ctrl+Down
Sort by variable type(S)
(I |
Export ‘
Note:

»  SH300/SH500 series support a maximum of 20K global variables.

3.7.5 Large/Small End Mode

Data storage supports large end mode and small end mode. SH300/500 series allow mode selection via system
configuration, with small end mode defaulted. Users can set it by "Project Manager > System Block > Advanced
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Settings” and check “Large end mode”, as shown below.

=[] Variable Table ~ -
Pi—- S S S = 7
VAR_1  system Block x [
&4 Program Block e ri
=0 System Setti
H MAIN yeiem serng Default Value :
5] SBR 01 Saving Range I
INT 01 | Output Table _ br
- Set Time

¥l FB F lack <

) 78 Function Bloc Input Filter . ize the D registers with the datablock
Fl FC Function h . (The D alid” and "Element valus retained” are both valid, and the "Datablock valid" is in priority) 9
| Data Block input Point_ jul
= System Block 2> Advanced Settings B
 Saving Range [JElementvalue retaine i
! Output Table e saved asi inthe fce
! Set Time ali L pe
! Input Filter ¢
Input Point |
[/ \dvanced Settings || ¢
T ERTETETE T TS m
@ E-CAM n
£ Cross reference table o
iZ Element browse table br
i ™ Element monitoring table i
Element Memory Table ini
# = Instruction Wizard n
&' Communication Configuration pr
- — o
< cove :
- COM2 Small end mode: The high bytes of data are saved at high addresses in memory, and the low bytes of data are saved at bl

low ory

A CAN arge e hbs savad at low add memory, and he low bytes of data ate saved at id
M EtherNet high addresses in memory. I
@ Axis Config lot
Axis Group Config e
& EtherCAT v W L] L) ‘

® Large end mode: The high bytes of data are saved at low addresses in memory, and the low bytes of data
are saved at high addresses in memory.

® Small end mode: The high bytes of data are saved at high addresses in memory, and the low bytes of data
are saved at low addresses in memory.

D0OD1=16#12345678

Memory address DO D1
Large end mode D0=16#1234 D1=16#5678
Small end mode D0=16#5678 D1=16#1234

Note:
»  For SH300/500 series, 16-bit data byte retains small end mode by default. Enabling large end mode affects 32-
bit data byte order only, not 16-bit data byte.

3.8 Operation and Status Control

The PLC can enter or exit the RUN state through three methods:

1. DIP switch;

2. Designated terminals (X00~X17), by setting System Block>Input Point>Input point On mode>Input point;
3. Programming software, if the DIP switch is set at ON position.

3.8.1 Run/Stop States
1) RUN
When the main module is in the running state, the whole scan cycle is executed: Execute user program —
Communication — Housekeeping — 1/O refresh.
2) STOP
When the main module is in the stop state, the system does not execute user program, but Communication —
Housekeeping — 1/O refresh are still executed.

3.8.2 State Transition
1) STOP—RUN
1. Reset
Set the DIP switch to ON position. After reset (including power-on reset), the system runs automatically.

Note:
> If input point control is enabled in the system block, the designated input point must be ON; otherwise, the
transition fails.

2. Manual operation

Toggle the DIP switch from OFF to ON during STOP.

3. Input point ON mode

When this function is valid and the system is in STOP status, if the status change of the input point (X0~X17)
from OFF to ON is detected, the system enters into RUN status.
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=

Default Value

sition and the system is in
antars

posit
ected, the system enters into RUN

WERD

R

Note:

»  The DIP switch must be set at ON position for this method to work.

2) RUN-STOP
1. Reset

Set the DIP switch to OFF position. After reset (including power-on reset), the system stops automatically.

Note:
>
if the DIP switch at ON position.

If input point control is enabled and the designated input point is OFF, the system enters STOP after reset even

2. Manual operation

Toggle the DIP switch from ON to OFF during RUN.
3. Command control

Execute the STOP command in the user program.

4.  Error-induced stop

The system stops automatically upon critical errors (e.g., user program errors, user program timeout) detected.

3.8.3 Output Point Status in Stop State

The user can set the output status of output points (Y0-Y17) during STOP, with three modes selectable:

System Block

=& System Setting
-[@ Saving Range

25 Output Table

X

-7 Set Time
- Input Filter
-1 Input Point
) Advanced Settings

@ Disable

01234567
Yo

(O Configuration

‘When the PLC is switched from RUN mode to STOP mode. all the outputs will be disabled

The mustbe
system block option. View the system block option s

before they become effective. Not all types of PLC support each
upported by the PLC by pressing F1

e

=

Disable - All output points are OFF in the STOP state.

N

Freeze - All output points remain their pre-STOP values in the STOP state.

3. Configuration - Users can set the output values of output points as needed in the System Block>Output

Table.

3.9 System Debugging
3.9.1 Program Upload/Download

1) Download
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Download the system block, data block, and user program generated by AutoSoft software to the PLC via
serial/USB/Ethernet. The PLC must be in a stopped state during download.
= || AR a Tk B

2 x [M MAIN x | [E] Data Block | [4] Element Comment
~

— [ comment

Mo Yo
Mpf— — >

— [ comment Download X

Download Option
[Jiser Program
Global variable table
System Block
Data Block

— [ comment

= [ comment

Other Option
[ pisable upload
[Jupdate PLE Clock

[[nitialize hold type elements and variables

= [ comment

Element Memory Option

Element Memory Table

Element D (0-7989) 0 - 7999
Element M: (0-10239) © - 10239
Element R: (0-32767) © - |32767
Element W: (0-32767) 0 - 32767

If a download password is set and not entered after software launch, a password window will pop up. Correct
password initiates download; incorrect password prompts re-entry. Click the Cancel to exit the download.

Download Option
User’ Program
[~] Global variable table
[] system Block
[ pata Block
Password Verify X

Other Opti
[ isabl
DUpda

Please enter Download password

Element M

Elem:
oK Cancel

Elem:

Element M: (0-2047) 0 - 2047

Download Close

2) Upload
Upload the PLC's system block, data block, and user program to the computer via serial/USB/Ethernet, and

create a new project to storage it. When battery-backed data is valid, relevant user auxiliary info files are also
uploaded, as shown below.

PEEE I T E B
F 44k | isk <k | <) O {F1 | — = be + +

MAIN x

M1 Yo

Upload project X

ment [CITemporary project ]

Profect name: I |

_ Project location: ‘C:\USErS\vﬁdlﬁ\Dmcuments\ | E
ment

Project descriptian: ‘ ‘

Default editor: Ladder chart
Tent

PLC series and types WVHS500 Series - WH523

EtherCAT bus and lightweight type FLC ~
(1)Support custom variables, FB function blocks, FC functions, ST language
(2)Up to 32 axes, support motion control (linear interpolation, circular interpolation, electronic cam,
and electronic gear)
(3)Support CANGpen
(4)Suppert Ethernet Modbus-TCP master-siave protocol
(5)8-channel 200kHz pulse output, 8-channel 200kHz high-speed input counting
(6)1 RS485, 2 Ethernet, 1 CAN interface, 1 EtherCAT, 1 USB interface
o g N Y e o

FACumnart laft avnnnsinn mods e

oK Cancel

When uploading, if no password is set, the program can be directly uploaded. If a password is set and not entered
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after software launch, a password window will pop up. Correct password starts upload; incorrect password returns to

the upload dialog box.
If "Upload Prohibited" is enabled during program download, the PLC cannot upload programs afterwards unless

the correct password is entered to disable this restriction.

3.9.2 Element Memory Table
Upload element memory table: Upload the current D/R/W/M element values from the PLC. Upon successful
upload, a DATAL table will be automatically generated under "Project Manager > Element Memory Table",
recording the uploaded element data values, as shown below.

Upload X
Upload Option
[7]User Program
System Block
Data Block

Element Memory Option

Element Memory Table

[~ Element b: (0-7999) |n ‘ R ‘7999 |
[Z] Element M: (0-10239) |U ‘ R ‘10239 |
[~ Element R: (0-32767) |U ‘ - ‘32767 |
[] Element w: (0-32767) [0 | - |77 |

Upload Close

Download element memory table: When downloading the program, check the "Element Memory Table” and
select required D/R/W/M element memory tables. The selected tables will be automatically written to the PLC upon
successful download, as shown below.

e
i Global Variable

W o
System Variable m et ‘
_McAxis
_ECATMaster Cormment ownload *
_ECATSlave | F
Element Comment Download Option
Struct ) user Program
Function Block Data [ Glabal variable table
Variable Table (] sysem Block
VAR 1 =
£ Program Block ] oata Block
i MAIN
<] SBR 01 Other Option
F] FB Function Block [oisable uploed
F| FC Function [Jupdate FLC Clock
Data Block [Jinitialize hold type elements and variables
i 2 System Block e -
© Extension Modules || clementMemanyOption b
@ E-CAM [JElement Memory Tablel DATAL
= Cross reference table =
Element browse table LB vt i
i Element monitoring table ] Elemant M. (0-10239) [0 - [10239
+-= Instruction Wizard [~ element w: (0-32767) |0 32767
%' Communication Configuration
- COMO Clse
- COM1
- COM2
1% cAN v

3.9.3 Online Clock Settings
Access PLC > PLC Clock in the menu bar to synchronize the PLC's SD time register with the local computer
time. Refer to the illustration below for details.
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: Debug(D) Tool(T) Window(W) Help(H)

Q| E o HEH| S LR ogr: Tk =
AHAZL | At 44k sk e | OO | — | == he t ¢
7 x M mAIN x
- | Comment
111 1]
Update PLC Clock X
Date Setting Time Setting D
Years: Hours:
2025 = o =
Months: Minutes:
4 = |15 =
Days: Seconds: —
. ‘10 S |55 =
ition ¥ 2
Get Current Clock Set PLC Clock | Close

3.9.4 Online Modification

This function allows online modification to the PLC program during operation.

Warning:
» Authorize only qualified personnel to perform online modifications, adhering to safety protocols to prevent
injury and equipment damage.

1) Steps

Ensure the software maintains active communication with the PLC hardware, and the PLC is in RUN mode.
Click Debug->Online Modification to switch to the online modification state.

Then users can modify the main program, subroutine, and interrupt subroutine contents directly. After
modifications, click PLC->Download. The software will compile all programs in the current project and
automatically download them to the PLC hardware. The PLC will then execute the revised program.

2) Modification Restrictions

Unsupported Operations

(DProgram file management:

* Adding/deleting files

* Renaming files

* Attribute modification

(2)Subroutine encryption/decryption
(3Configuration changes

Global Variables:
- Supported: Variable additions/deletions; modification of variable names or comments
- Unsupported: Modification of attributes other than variable names or comments

FB/FC Local Variables:
- Unsupported: IN/INOUT/OUT-type variables additions/modifications/deletions
- Supported: VAR-type variable additions/deletions

VAR Variables:
- Added before current cycle:
- Name/comment modifications supported only
- Added during current cycle:
- Full attribute modifications enabled
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3.9.5 Sequence Monitor
This oscilloscope-like tool captures variable value changes in real time for PLC debugging and operational
analysis. Access via Tool>Sequence Monitor in the menu bar, as shown below.

File(F) EQIt(E) View(V) Ladder(l) PLC(P) Debug:[\\Wm:\ow:\'ﬁ Help(H)

BB 5% 3 W Qe Ea|mDo r B BR L]
: (X0 s | O O ~ ba_t
Project Manager }Z M MAIN x ~  Instruction Tree
:1_4 VEICHI-Time Series Monitoring Software - - - o x
I start ¥ Communicate ® Channel ® Trigger © Import @ Export @ Clear C'Reset @ Language = Cache |3 Measure -+ Adaptive ® Dot =Branch < Roll Il FullScreen

+ Channel Faxe DataType [Color |Scale Latest Nin Kax X1,71 2 A% Ay Nodify Delste | Sampling periodims): |20
B00L - 5200, 000000 oN oFF on T400,0 17400, 1 10000 1| @ X | Time agme): 2480
write value
Outpu
Element address:
w2001 5
Vi2001 DataType: wr
[EH -

Crr hal

(1) Features
(1) USB/Ethernet connection support
(2) Exclusive communication protocol (incompatible with AutoSoft) (! CAUTION)
(3) Up to 6-channel concurrent monitoring, with a minimum sampling cycle of 1ms
(4) Waveform import/export capability
(5) Independent/overlapping channel display (via “Branch”)
(6) Axis scaling: Ctrl+roll (vertical), roll (horizontal)
(7) Sampling trigger functionality

(11) Setup Workflow
Click the Tool > Sequence Monitor in the menu bar to open the sequence monitor chart.
1. Click the Communicate, select USB or Ethernet, and click OK, as shown below.

port @ Export @ Clear C Reset ® Language £ Cache 2 Measure + Adaptive © Dot

hannel ® Trig

onnect

(O serial

Serial port to connect:

Baud rate 2400
@uss

USB port to connect: uss0 -
(O EtherNet

Met card to select:

Port: 9016
High delay mode  Timeout 1
lane DataTyps Color |Scale Lo  [Mioh delay mode  Timeovt(s)

2.  After a successful connection, manually input target variables and select the data type, as shown below.
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3. Thenrunit.

o ox
Branch © Rall &3 FullScreen

2 Cache B Messire -+ Adsptive| ® Do

ol VEICHI-Time Series Monitaring Software - o

W Stop

© Reset ¥ Measure + Adaptive ® Dot =Branch ¢ Roll [Z FullScreen

DalaType: nr

3.9.6 Program Clear/Format

This function includes: Clear PLC Error, Clear PLC Element Value, Clear PLC Program, Clear PLC Datablock,
and PLC Format, as shown below.

PLC(P) Debug(D) Tool@dm Window((\)
Run(R) F5
Stop(S) F&
Reset(O)

Compile(C) Ctri+F7

Compile AlI(A) F7
Upload(U)...
Download(D)... F8

Generate Datablock From RAM(G)...

Program Compare({ii)
Password Setting QAD... >

Clear PLC Error(L)

Clear PLC Element Value(E)
Clear PLC Program{P)
Clear PLC Datablock(H)
PLC Format(F)

Restore Default Config(I)

PLC Name Setting(MN)
PLC Information(l)...
PLC Clock(K)...

PLC Executable Package(A) >

Description of program clear/format

Function

Description

Clear PLC Element
Value

Clears all element values in the PLC; requires PLC in STOP mode. This may cause
operation errors or data loss; please use with caution. To prevent accidental operation, the
software will pop up a confirmation window bhefore execution.

Clear PLC Program

Clears user programs in the PLC; requires PLC in STOP mode. After this, the PLC won't
execute any user program; please use with caution. To prevent accidental operation, the
software will pop up a confirmation window before execution.

Clear PLC
Datablock

Clears all data block settings in the PLC; requires PLC in STOP mode. After this, the PLC
won't use preset data block values to initialize D elements; please use with caution. To
prevent accidental operation, the software will pop up a confirmation window before
execution.
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PLC Format Formats all PLC data, including clearing user program, restoring default settings, and
clearing data blocks; requires PLC in STOP mode.

All downloaded and set data will be lost after this; please use with caution. To prevent
accidental operation, the software will pop up a confirmation window before execution.
Clear PLC Error Clears current PLC error information.

3.9.7 Fault Diagnostics
The system detects and reports the system error and user program execution error.
1. System error is caused by abnormal system operation,
2. and user program execution error is triggered by abnormal program execution.
All errors are uniquely numbered, with each error code representing a specific fault. For details, refer to 16 Error
Codes.

1) System Error Report

When a system error is detected, the error code is recorded in special data register SD3 and special relay SM3
is triggered. Read the error code from SD3 to identify the error.

In case of concurrent errors, the highest priority error is stored in SD3.

Critical system errors will halt user program execution and cause the ERR indicator on the main module ON.

2) Program Execution Error Report

When a user program execution error occurs, special relay SM20 is triggered, and the error code is stored in
special data register SD20.

SM20 resets after successful execution of the next command, while SD20 retains the last error code.

The system logs execution errors using a stack structure: Special data registers SD20~SD24 form a 5-level error
stack storing the last five errors.

When a new error occurs and its code differs from the one in SD20, it is pushed into the stack, as illustrated
below.

l:: New user program error )

\ |

g "

ﬁ
["-\'

Error log 0 )

|

S0l Error log 1

fiicerig Error log 2

5023 Error log 3

b Error log 4

E’W i

1 Discard

Figure 2-12 Error Code Stack Operation
Critical execution errors will halt program execution and cause the ERR indicator on the main module ON,
while non-critical errors do not trigger the indicator.
3) View of Error Information
When the PLC is online, view PLC fault diagnostics in AutoSoft via “Current Fault” or “History Fault” menus
with error codes and descriptions. Click Debug > Current Fault/History Fault in the menu bar. Double-clicking any
entry will navigate to the error location in the program. This is shown in the figure below:
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Tool(T) Window(W) Help{H)

Q| Eg | | HEE) & Bt TE Tk B
AH Atk AsHLH OO | — | =ba t +
2 x M MAIN x ~
- mmmem’. ~
M1 Yo
NL | >
- Cnmment\
‘lCurrent Fault x
Fault List:
Index | Time Error Code Error Info Error Description Error Type
1 2025-04-10 00:22:42 |27 Battery Voltag| Battery voltage too low | System Error SD3
= | Comment
= | Comment
Fault causes and elimination conditions:
= | Comment
History Fault Fault Reset Clear Cancel

3.9.8 PLC Information
Navigate to PLC > PLC Information in the menu bar to view current PLC software specifications: PLC model,
MCU firmware version, FPGA version, high-speed output channels, MAC address, CAN baud rate, current scan
cycle, runtime error status, program capacity, operational status, battery voltage, local /0 points, extended I/O points,
and left/right extension module types, as shown below.

ebug(D) Tool(T) Window(W) Help(H)

" QEOMES|HBB) & Bt TR TE B
Ath sk [ dsk{ch | O) O {F | — | == ba + ¥
3 x [ N x

IS ent -
- :ﬂ PLC Information X
N1 f—ro .
B Version ~
CFU type VHEZ23
g (SEE Version 30. 00
B EtherRet
IF Address 172.16. 33. 87
MAC Address 00:00:00:00:00:00
E CAR
Frotocol Type Hone
E Scan rate(as)
— | comment Current 0. 00ms
Maxinimum value 0. 00ms
Minimun value 0. 00ms
E Run error information
Sytem error ID [
System error descriptien No systen error
Executien error ID o
Execution error description Wo execution errer v
— [ comment
Module number Module type Input Output Version Module State
— [ comment
ion
-Al<
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4.1 Overview

4 Programming Basics

In system development, PLC supports three variable memory structures including soft elements, custom
variables, and system variables. The operation rules are summarized as follows:

[ User Program ]

A Y A
A4 A4 A4
g o N
Soft Custom System
element variables variables
- 7
SH300/SH500 Memory Architecture
Memory Space Description Operation Rule
Soft elements (~1.2MB) | Supports No definition required; directly

XIYIMISM/L/SITICIDIR/IW/SD/Z/V element | accessible in user programs
types

Custom variables
(16MB)

Retentive: 2MB (131,072 words) Requires definition in Variable
Non-retentive: 14MB (917,504 words) Table;
Supported types:

BOOL, INT, DINT, RELA,
Array, Pointer, Struct, String

Pointer variables Max. 4,096 pointers Requires definition in Variable

(128KB) Table prior to use.

System variables / For accessing axis data structures,
etc.

4.2 Soft Elements

4.2.1 Bit Soft Elements
PLC programming supports bit-soft elements. Specifications including types, ranges, points, and related
descriptions are shown below:

Type Range Points Data Type Description
X X0~X1777 1024 (octal) BOOL Input
Y YO0~Y1777 1024 (octal) BOOL Output
M MO0~M10247 10248 BOOL Auxiliary relay
S S0~S4095 4096 BOOL Status relay
LM LMO~LM63 64 BOOL Local auxiliary relay
SM SM0~SM1023 1024 BOOL Special auxiliary relay
C C0~C263 264 BOOL Counter
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T TO~T512 512 BOOL Timer

Note:
» X points reflect physical input terminal states, while Y points represent physical output terminal states;
»  All bit-soft elements operate as BOOL types for input/output parameters in BOOL-type instructions

4.2.2 \Word Soft Elements

PLC programming supports word-soft elements. Specifications including types, ranges, points, and related

descriptions are shown below:

Type Range Points Data Type Description
D D0~D7999 8000 BOOL/INT/DINT/REAL CO”f'g”rab'erggé‘fr'dOW” save
R RO~R32767 32768 BOOL/INT/DINT/REAL | Configurable power-failure
retention range
W WO0~W32767 32768 BOOL/INT/DINT/REAL No power-down save
C0~C199: 16-bit counter;
C200~C235: 32-hit
C C0~C263 264 BOOL/INT/DINT bidirectional counter;
C236~C263: 32-hit high-speed
counter
TO~T209: 100ms resolution
T TO~T511 512 BOOL/INT T210~T255: 10ms resolution
T256~T511: 1ms resolution
Vv V0~V63 64 INT Local variable register
z Z0~715 16 INT Variable addressing register
SD SD0~SD1023 1024 INT/DINT/REAL Special auxiliary register
Example:
K4MO: 16-bit address
. (M0~M15);
KnXX Up to XX Up to XX INT/DINT KSMO: 32-bit address
(M0~M31)
KnXX denotes bit address
*: XX XIYIM/ISM/L/S bit addresses
Kn: Bit address grouping notation

Element Usage Descriptions

The range of power-down save can be configured via the System Block.

Word soft elements can be used as integers or floating-point numbers. They lack inherent data type attribute and
resolve based on parameter attributes of the instruction.

When used as integers, word soft elements can be 16-bit (occupies single soft element) or 32-bit (occupies two
soft elements). As floating-point numbers, they occupie 2 elements.

Example:
1) 16-bit integer operation: Execute 16-bit MOVE instruction: D10 «— 200 (occupies D10)

0
— Moy 200 o ]

2) 32-bit integer operation: Execute 32-bit MOVE instruction: D10 « 200 (occupies D10 [low-order] + D11
[high-order])
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M0
T juling' 200 Do ]

3) Floating-point number operation: Execute REAL MOVE instruction: D100 «— 100.0 (occupies
D100+D101)

Mz0
! | EMOV 200, 0000 oo ]

4)  Word elements support direct bit manipulation via . notation. For example, programming DO0.5 sets bit 5 of
the DO word element to ON.

MZ21 D0, &

| b

5) The V soft elements can be used in the main program and subroutines as locally scoped variables valid

within independent program blocks. Note: V elements are non-monitorable during program execution.
Mo

—— MoV Vo D10 1

6) The Z elements enable indirect addressing of bit or word elements. Note: When using indexing, avoid
address out-of-bounds (e.g., maximum address for D devices is D7999). Example: If Z1=10, when M1
turns ON, the value 500 is transferred to register D(300+Z1)=D310. (Note: X and Y are octal. If Z0=8 and
MO is ON, Y (0+Z0)=Y10).

Mo TOZ0
e

n
1 nov 500 D300Z1 ]

7) The KnXX format combines bit elements into 16-bit or 32-bit words. Example: When M6 is ON, the 16-
bit value of M100~M115 is transferred to register D500 (using K4M100); When M7 is ON, the 32-hit value
of M100~M131 is transferred to register D600 (using K8M100).

L]
— Moy E4i100 Da0o ]

N7
— A DHO¥ K8N100 Daoo ]

8) DO0~D255 can serve as index registers for indirect addressing, functionally identical to Z registers. Example:
When D1=10 and M9 is ON, transfer value 1000 to register D(500+D0)=D510.

Lt YODo
Il
1 F

Lt]
— A Mow 1000 DE00DA ]

4.3 Data Type

All instruction operands possess defined data type attributes. The four supported data types are specified below.
(1) Operand Data Types

Data Type Description Width Range
BOOL Bit 1 1 (ON)/0 (OFF)
INT Integer 16 -32768-32767
DINT Double-length 32 -2147483648~2147483647
integer
REAL Floating point 32 1 175494E-38-43 402823E | 38

(1) Element-Data Type Matching
Instruction operands must maintain compatibility between element types and data types. The matching
relationships are specified in the following table.
Element-Data Type Matching Relationships

Data Type Soft Elements

BOOL X Y M S | LM | SM C T
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Data Type Soft Elements
Const
INT ant KnX | KnY | KnM| KnS KnLMKnSM| D SD C T Vv Z R w
Const
DINT ant KnX | KnY | KnM| KnS KnLMKnSM| D SD C Vv R w
REAL |Const D v R | w
ant

When an instruction's operand type conflicts with its data type requirement, the instruction becomes invalid. For
example, "MOV 10 X0" is invalid as MOV is an integer-type operand while X0 is a BOOL-type element.
Note:
»  INT-type operands accept: KnX, KnY, KnM, KnS, KnLM, KnSM (1<n<4)
»  DINT-type operands accept: KnX, KnY, KnM, KnS, KnLM, KnSM (5<n<8)
»  INT-type counters: CO~C199
»  DINT-type counters: C200~C263

4.3.1 Constant

Constants may be used as instruction operands. The SH-series PLC supports multiple constant formats:
Table 4-1 Constant Formats

Constant Type Example Format Valid Range Comments
_16-b|t signed decimal 8949 -30768-32767 /
integer
?rié%';rs'gned decimal 2147483646 -2147483648~2147483647 |/
16-bit hexadecimal 16#1FE9 16#0~16#FFFF
32-bit hexadecimal 16#FD1EAFES | 16#0~16#FFFFFFFF Sign interpretation depends
16-bit octal 8#7173 8HO~8HLTTTT7 on operand data type.
32-bit octal 8#71732 8#HO~BHITTTTTITTITTT Applies to hex/octal/binary
16-bit binary 2#10111001 2#0~2#1111111111111111 | constants.
_ 2#0~2#1111111111111111
32-bit binary 2#101110011111 1111111111111
IEEE 754 compliant.
Sinale-precision float point -3.1415E-16 #1.175494E-38~43.402823E | Precision loss may occur
gle-p P 3.1415E+30.016 |+38 (e.g., 1234567.89 stored as
1234567.9 in DO).

4.3.2 Variables
AutoSoft programming supports both direct addressing (X, Y, M, D, R, W elements) and custom variables for
implementing control logic or complex control sequences, improving code maintainability and readability.
Table 4-2 Supported Custom Variables

Type Capacity Data Type Description
BOOL BOOL, INT, DINT, RELA, Retentive: 2MB (131,072 words)
INT Custom variables Avrray, Pointer, Struct, String Non-retentive: 14MB (917,504 words)
DINT  (16MB)
REAL
STRING
Pointer 4096 BOOL/INT/DINT/REAL Non-retentive
4.4 Custom Variables

Users can define global variables for programming. Global variable naming must comply with the following
rules:
® May contain underscores (), letters, numbers, or Chinese characters, but cannot start with underscores or
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numbers.
® Must not conflict with reserved elements (soft elements, constants, standard data types, instructions,
subroutines, interrupt subroutines, or MC instructions).
® Prohibited keywords include: ARRAY, TRUE, FALSE, ON, OFF, and NULL.
(1) Variable Data Types
Variables support structs and arrays. Supported data types are:

Data Type Description
BOOL Boolean
INT Single-word integer
DINT Double-word integer
REAL Real number
STRING String

(I1) Global Variables

The "Global Variable” in the Project Manager area contains: System Variable, Element Comment, Struct,
Function Block Data, and Variable Table. Variable Table manages custom variables and support multiple variable
creation, modification, and deletion operations, as shown below.

e ey Index Varable Name Data lype Intal Value [Data Hoid |Hement |Authorty |Sze{bits) |Current Val
=il Global Variable 1 AL BOOL OFF Not Hold Puble 1
£-[E] System Variable 2
L lO _McAxis
[7] _ECATMaster
[ _ECATSlave
-] Element Comment
[ Struct
- Function Block Data
== Variable Table
Wl
] VAR_2
=-£% Program Block

(111) Custom Variables
Create a new Variable Table (VAR_1), double-click text fields and enter variable names, and select data types

for it.

it i SR L) " ||| index Varable Name Datal ype Inial Value Data Hold |Element Authority  |Sze(bts) |Current
=5-1il] Global Variable 1 AL BOOL OFF Not Hold Public 1
=[] System Variable 2 A2 Not Hold Public 256
[0 _McAxis 3
-[C] _ECATMaster
--[C] _ECATSlave

--[E] Element Comment
[E] struct
[E] Function Block Data

- -
CIvAR 1 Add Variable Table(A)

CIvaR 2 Paste Variable Table(P)
- £i Program Block Delete unused variables
W hAAIRE

Double-click text fields or use dropdown menus to edit it.

Right-click and select "Insert Row” to add variables.

Right-click target row and select "Delete Row” to delete variables.

Export Variable Table for batch editing, and then import the Table. Close files before re-importing to avoid
failures.

5. Compile project before exporting HMI variables.

el

Note:

»  Single table: Right-click target table and select "Export HMI Variable".

»  All variables: Right-click "Global Variable" and select "Export HMI Variable” to generate a unified HMI tag
table.

Custom Variable Table is shown in the figure below.
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[ MAIN- 3 VAR 2* x b
Index Variable Mame DataType Initial Value | Data Hold |El t Authority | Size(bits) | Current Vah
1 Al BOOL OFF Not Hold 1
2 A2 STRING:32 Not Hold [ Public 256
3 e

Description of Custom Variables

Item Description

\Variable Name  |[Name directly referenced in programming, following naming rules.

BOOL/INT/DINT/REAL/STRING, including
BOOL/INT/DINT/REAL/ DI arrays

Data Type BOOL/INT/DINT/REAL/ structs

For arrays, specify type and length via pop-up dialog box.
For structs, use predefined struct variables.

Initial Value Default value assignment. Supports element-specific initialization for arrays/structs.

Options: Hold/not hold. Initial values apply only to not hold variables. Note: Binding to

Data Hold element addresses inherits their retention properties.

Element Address |Bind to X/Y/M/S/D/R/W element addresses for shared address access.

Private: HMI variable export disabled.

Authority Public: Available for HMI tag communication.
Size (bits) Displays allocated memory size based on data type.
Note Optional descriptive notes for the variable.

4.5 Array Variable

An array groups variables of the same type into an ordered collection. In programming, select the ARRAY as
data type can define it to an array.
1. Set the data type and number in the pop-up box, and then click OK.

M MAIN. £} VAR 2* x >
Index Variable Name DataType Initial Value  |Data Hold | Element Authority | Size(bits) | Current Vah
1 Al BOOL OFF Not Hold Public 1
2 A2 STRING:32 Not Hold Public 256
3 A3 ARRAY OFF Not Hold Public 1
4

Array X
DataType:
INT ~
Number:
|10 =

2. Double-click the “...” under “Initial Value” to modify initial values and note for individual variables, as
shown below.
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M| maN- €3 VAR 2+ x

-

Index Variable Name DataType Initial Value | Data Hold |Element Authority | Size(bits) | Current Val
1 Al BOOL OFF Mot Hold Public 1

2 A2 STRING:32 Not Hold Public 256
3 3 INTE10] pro—— Not Hod bublc ‘0
4 A3[0] INT 0

5 A3[1] INT 0

6 A3[2] INT 0

7 A3[3] INT 0

8 A3[4] INT 0

g A3[5] INT 0

10 A3[6] INT 0

11 A3[7] INT 0

12 A3[8] INT 0

13 A3[9] INT 0

14

When an instruction accesses an array without specifying an index, it starts at the first element. If an explicit
index is provided, the instruction accesses the element at the specified index. (Note: Array indices begin at 0.)

For example:
1) When M10 is ON: Assign 10 consecutive elements from Array O0[0] to Array 0[9] to addresses
D300~D309.
M10
M3 { | [ BMOW A3[0] D300 10 1

2) When M11is ON: Assign 5 consecutive elements from Array_0[5] to Array_0[9] to addresses D305~D309.

M11
N12 {f [ BMOY A3[5] D300 ] ]

4.6 Struct Variable

A struct is a composite data type that groups multiple data types into a single variable. Each data unit within a
struct is termed a member, which can be basic data types, arrays, pointers, or nested structs.

Struct Creation

1. Inthe Project Manager, right-click "Struct™ and select "New Struct” to create a struct.

-l Global Variable
&[5 System Variable
Lo | _M cAxis

<[] ECATMaster
-[7] _ECATSlave

--[Z] Element Comment

El Func New Struct{A)

Paste Struct{P)

2. Right-click the new struct to rename it (e.g., "Class_Student™), and double-click "Struct_Class_Student" to
add its members.
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Struct Member X
Index |Member Name DataType Inttial Value Remark
1 name STRING:32
2 Sex BOOL OFF
3 Age INT 0
4 Height REAL 0.000000
3 Weight REAL 0.000000
6 Specialfty STRING:32 ~
7

| 0K | | Cancel |

3. Then select the “Struct” as the data type. Double-click the “...” to set initial values to its members, as
shown in the figure below:

SrEE TEmpLEvnaes) “ || Index Variable Name DataType Intial Value |Data Hold |Element  |Authority |Size(bits) |Current Vah
L] Global Variable 1 5 Student_ID Struct Class, 6tL v ... Not Hold Public 608
I?_I 5] System Variable 2 name STRING:32
-] _Mchuis 3 - Sex BOOL OFF
[T] _ECATMaster 4 - Age INT 0
[ _ECATSlave 5 Height REAL 0.000000
i[5 Element Comment 6 Weight REAL 0.000000
== Struct 7 Specialty STRING:32
© [ Struct_Class_Student 8

.- Function Block Data
== Variable Table
----E
[CI VAR 2

A 08 e Pl

4.  Access struct members in programs follows the format: “<variable name><member name>", as shown
in the figure below.

= | Comment

SMO

1| { MO Student_ID.Age D500 ]
= | Comment

M20 Student_ID.Sex

1| >

4.7 String Variable

A string is a sequence of one or more characters (including numbers, letters, spaces, etc.), such as “This is an
array of strings”. Note: Enclosing double quotes are not part of the string but indicate its boundaries to the compiler.
String Creation
1. String variables can be defined in either the Variable Table or Program interface. Select "STRING" from
the Data Type dropdown menu, then specify the string length in the pop-up dialog box. The default length
is 32 bytes (maximum 256 bytes), with the final byte reserved for the termination character.
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[M] MAIN* | €3 VAR 2 {3 VAR 1* x ~|
Index Variable Name DataType Initial Value  |Data Hold |Element Authority | Size(bits) | Current Val
1 # Student_ID Struct_Class_Studer| ... Not Hold Public 608
8 string_type | STRING OFF Mot Hold Public 1
9 )

String Define X

String Length(Only support even number):

2. Assign the string "abcdeef " to the string_TYPE variable as shown below:

II { | [ STEMOY “shedeef ” =tring TYPE ]

Guidelines:

»  Once declared, variables can be referenced by name directly in code without reallocating soft element addresses.
»  For standard variables, reference by name directly.

»  For array variables, access elements using [index] (indexing starts at 0).

»  For struct variables, access members via “struct variable name.member variable”.

4.8 Variable Address Binding

4.8.1 Overview

Custom variables can be bound to soft element addresses to establish shared memory locations. To implement
binding, enter the target address in the “Element” column of the Variable Table, and compile the project.

Project Manager # x [ MAIN* | € VAR 2 | £} VAR 1% £} VAR3* x =
=5 Template * | ndex Variable Name DataType Initial Value | Data Hold |Element Authority  |Size(bits) | Current Vah [
=-uil Global Variable 1 test_y BOOL OFF Not Hold | Y0 Public 1
=[=] System Variable 2 test_m BOOL OFF Not Hold MO Public 1
[0 _McAxis 3 test_date INT 0 Not Hold D320 +Public 16
[7] _ECATMaster 4
i [0 _ECATSlave
+[E] Element Comment
== Struct

i =7 struct_Class_Student
~[E| Function Block Data
==l Variable Table

- VAR_1

- VAR_2

Bl v/ 2

4.8.2 Variable Properties
When bound to soft elements, custom variables inherit their “Data Hold” property. For example, as shown in
the figure below, MO is “Hold”, so the variable Test M bound to it inherits the “Hold” property. Conversely,

Test _Data bound to D320 inherits the “Not Hold” property. The variable's “Data Hold” property dynamically adjusts
based on the bound soft element, determined by the user-configuration.
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Project Manager LY [ MAIN= | £F vAR2 | £F VAR1# {3 VAR2* x =\l
‘E Template |l Index Variable Name DataType Initial Value Data Hold |Element Authority | Size(bits) | Current Val [
=i Glabal Variable 1 test_y BOOL OFF Not Hold YO Public 1
=1~ System Variable 2 test_m BOOL OFF Not Hold MO Public 1
[ _McAxis 3 test_date INT 0 Not Hold iD320 $Publc 16
--[C] _ECATMaster 4

i [0 _ECATSlave
+-[E] Element Comment
== Struct
i [0 struct_Class_Student
+[E] Function Block Data
== Variable Table

- VAR_1

- VAR 2

a5 3

4.8.3 Basic Variables Binding
® BOOL variables (1-bit length) can only be bound to bit elements; INT (16-bit) can be bound to a single word
element; DINT and REAL (32-bit) can be bound to two consecutive word elements.
® STRING variables have user-defined lengths aligned to 2-byte boundaries. For example, a length of 5 occupies
6 bytes. After bound to DO, it occupies DO, D1, and D2.

4.8.4 Array Variables Binding

To bind an array variable to soft elements, enter the address in the "Initial Value>Element" column of the
variable table, as shown in the figure below

[M maIN= | £ vaR 2 | £3 VAR 15713 VAR 2* x >
Index Variable Name DataType Initial Value  Data Hold | Flement Authority  Size(bits) | Current Val
il test_y BOOL OFF Not Hold | YD Public 1
2 test_m BOOL OFF Not Hold MO Public 1
3 test_date INT 0 Not Hold | D320 Public 16
4 = date INT[10] Not Hold  iD100  :Public 160
5 date[0] INT 0 D100
6 date[1] INT 0 D101
7 date[2] INT 0 D102
8 date[3] INT 0 D103
9 date[4] INT 0 D104
10 date[5] INT 0 D105
11 date[6] INT 0 D106
12 date[7] INT 0 D107
13 date[8] INT 0 D108
14 date[9] INT 0 D109
15

® Word-type variables occupy corresponding number of word elements:
An INT variable (16-bit) occupies one 16-bit word element; a DINT or a REAL variable (32-bit) occupies two
consecutive 16-bit word elements.

® STRING array variables maintain 2-byte alignment, occupying sequential word elements proportional to their
length.

® BOOL array variables occupy the corresponding number of bit elements.

® Array variables can only bind to elements of matching types (word variables to word elements, bit variables to
bit elements).
Example:

A BOOL array variable Array_0 (length 10) bound to MO0 occupies M0-M9.

An INT array variable Array_1 (length 10) bound to DO occupies DO-D9.

4.8.5 Struct Variables Binding
To bind a struct variable to soft elements, enter the address (bit devices are invalid) in the "Initial
Value>Element” column of the variable table. Then click "OK" to let AutoSoft automatically generate addresses for
struct members, following rules below:

M MAIN= | £ vAR 273 VAR 1* x | {J VAR 3+ hd
Index Variable Name DataType Initial Value  |Data Hold |Element Authority | Size(bits) | Current Val
1 = Student_ID Struct_Class_Studet| ... Not Hold Public 608
2 name STRING:32 D600
3 Sex BOOL OFF D616.0
4 Age INT 0 D617
5 Height REAL 0.000000 D618
6 Weight REAL 0.000000 D620
7 Specialty STRING:32 D622
8 string_type STRING:32 Not Hold Public 256
9
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M MAIN* | £ VAR 2 {3 VAR1* x | £} VAR 3% i
Index Variable Name DataType Inital Value | Data Hold Authority | Size(bits)  |Current Vah
i =l Student_ID Struct_Class_Studer ... Not Hold EPuinc 608
2 name STRING:32
3 Sex BOOL OFF
4 Age INT 0
5 Height REAL 0.000000
6 Weight REAL 0.000000
7 Specialty STRING:32
8 string_type STRING:32 Mot Hold Public 256
9

(1) INT variables occupy one 16-bit word element; REAL and DINT variables occupy two consecutive 16-bit
word elements.

(2) Continuous BOOL members are aligned to 16-bit, starting from bit 0, with addresses incrementing by 1 bit;
non-continuous BOOL members are independently aligned to 16-bit boundaries.

(3) Array and struct variables are aligned to 16-bit boundaries as a whole.

For example: When a struct variable Stru_Student_ID is bound to D600, the binding addresses are as follows:

No. Variable Name Data Type Element
1 Name STRING (32 bytes) D600~D615
2 Gender BOOL D616.0
3 Age INT D617
4 Height REAL D618
5 Weight REAL D620
6 Major STRING (32 bytes) D622~D637

4.9 Notes on Arrays
4.9.1 Indexing Rules

Only one variable can act as an array index within a single expression. Valid formats include array[index] or
stru[index].var, where:

array: An array or struct array;

index, var, i: Variables;

stru: A struct.

4.9.2 Basic Indexing

e For array variables, only bit, word, double-word, or floating-point arrays are supported, and pointer arrays are
not supported.

e For index variables (used as array index), only INT (16-bit) or DINT (32-bit) variables are allowed. Soft
elements, bit variables, floating-point variables, and pointers are invalid. Index variables can be specific elements of
an array or specific members of a struct (e.g., array[index[5]], array[stru.index]); not be array elements or struct
members with variable indexes (e.g., array[index[i]], array[stru[i].index]).

4.9.3 Complex Indexing
e Using array elements as operands is supported, with the index variable placed last (e.g., array[index],
stru.array[index], strul[3].stru2.array[index], strul.stru2.stru3.array[index]).
e Using struct array members as operands is supported, with the index variable placed in the middle (e.g.,
stru[index].var, strul[index].stru2.var, strul.stru2[5].stru3[index].array[3]).
e Struct arrays with dual/multiple nested variables are not supported (e.g., stru[index1].array[index2]).
e Dual/multi dimensional arrays are not supported (e.g., array[index1][index2]).

Notes:
> The operands of ZSET/ZRST, PTxxx, and SFC instructions do not support arrays with variable indexing.
> For instructions requiring consecutive array-type operands (e.g., BMQOV), arr[index] is allowed, but
stru[index].var (non-consecutive struct array elements) is invalid. Use loop instructions for non-consecutive
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batch assignments.

» Variable-indexed arrays are recommended for single-cycle instructions only. Avoid using them in multi-cycle
instructions. If unavoidable, ensure strict control over logic and timing to prevent execution conflicts (e.qg., pulse
output axes during value transitions).

4.9.4 Programming Example
(1) Assigning Values to Array Elements
When M8 turns ON, assign 200 to ARRY _INT[0] and seti = 1. On the next M8 trigger, assign 200 to
ARRY _INT[1]. Execute the assigning for five times.

L sy ey

£l Global Variable — | comment
=[5 System Variable m20 Student_ID.Sex
[ _McAxis n2g——
[F]_ECATMaster
[ _ECATSlave = [ comment.

[E Element Comment )

5F Struct n33) + mMov 200 ARRYTH] ]
- [ Struct_Class_Student )
[Z Function Block Data N

(=[5 Variable Table

[ VAR_1
- VAR 2
o Set Elements X
& 2% Program Block Bit Element
M MAIN Element: ©
-[5] SBR_01 vlll< >
= M8 V]

Output Window

B Eement Name Data Type Display Format | Current Value  |New Vale | on OFF L
[ l=aey _______ J%PM Deciml i L
B - ARRY[O] INT Decmal 200 | word slement L
B ARRY[1] INT Decimal 200 . L
B ARRvD INT Decmal 200 i Element: Decimal number ~ r
B ARRY[3] INT Decimal 200 1| V] [T v L
B - ARRY[4] INT Decimal 200 | Vale: L
B ARRY[5] INT Decimal 0 L
E  ARRY[6] INT Decimal 0 e L
B ARRY[7] INT Decimal 0 L
O - ARRY[8] INT Decimal 0 L
B ARRY[9] INT Decimal 0 Close L
[ ] INT Decimal

- INT Decmal

(11) Modifying Struct Array Members
When M10 turns ON, assign 600 to strContent[0].dData and set m = 1. On the next M10 trigger, assign 600 to
strContent[1].dData.

i [0 Struct_Class_Student

i i E‘ — | Comment -

. [E Function Block Data N0l *;m DMOV 600 strContent[r].Ddate ]

. B[E) Variable Table

~[T VAR_1 5 B
~[C VAR 2 ADD m 1 m ]

: w-[C] VAR_3

=23 Program Block v|<
Output Window
[ ] Element Name Data Type Display Format | Current Value New Value Element Remark
T Bstatus BOOL Binary OFF I
B - date Array Decimal |Set Elements X
e Idate[0] INT Decimal 0
- Idate[1] INT Decimal 0 : D E e
8 Idate[2] INT Decimal 0 | Element:
E Idate[3] INT Decimal 0 ‘ Mi0 ) ‘
20 Idate[4] INT Decimal 0 1
la Ddate DINT Decimal 600 | am - ‘ E —
EE - strContent[1] Struct Decimal | |
El Bstatus BOOL Binary OFF |
- = Idate Array Decimal | Word Element
- Idate[0] INT Decimal 0 L Element: Decimal number ™
26 Idate[1] INT Decimal 0 |
[z Idate[2] INT Decimal 0 ] ‘ v [o ¥
= Idate[3] INT Decimal 0 | value:
- Idate[4] INT Decimal 0 | | ‘ ‘ Set
B Ddate DINT Decimal 600 |
B - stContent[2] Struct Decimal | |
] Bstatus BOOL Binary OFF

. - Close

- = Idate Array Decimal | |

4.10 Pointer-Type Variables
4.10.1 Definition

A pointer represents a memory address, and pointer variables store memory addresses. They must be declared
before storing addresses of other variables. To declare a pointer variable: Enter the variable name in the variable table,
and select "POINTER" as the data type. The initial value is NULL, and data is “Not Hold”, as shown below.
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[M] MAIN* | £3 VAR 27 {3 VAR 1* x | {} VAR 3

Index Variable Name
1 # Student_ID
8 string_type STRING:32

9 poit_vary POINTER ~ [INULL

10 ARRAY

Data Hold |Element Authority | Size(bits)
Not Hold D600 Public 608

Mot Hold Public 256

Mot Hold Public 32

DataType Initial Value
Struct_Class_Studet| ...

Current Val

BOOL
INT
DINT
REAL
STRING
Struct_1
Struct_Class_Student
_sECATMaster
_sECATSlave
_sMcAxis

Pointer-type variables support address operations and indirect addressing operations. Address Operations
Instructions for pointer address operations are listed in the table below, enabling functions like address acquisition,
offset calculation, and address comparison.

Table 3-2 Address Operation Instructions

Instruction Description
PTGET Get pointer address (Single-word)
DPTGET Get pointer address (Dual word)
RPTGET Get pointer address (Floating point)
PTINC Increment pointer address by 1
PTDEC Decrement pointer address by 1
PTADD Add offset to pointer address
PTSUB Subtract offset from pointer address
PT>, PT>=, PT<, PT<=, PT=, PT<> Pointer contact comparison (>, >, <, <, =, #)
PTMOV Assign values to pointer variables

Indirect Addressing: When pointer variables are used in instructions beyond explicit address operations (listed
in dedicated tables), they perform indirect addressing on referenced elements or array variable values. In
programming, this is denoted as “*pointer_var”.

Examples:
e Pointer address operation: PTO points to address D200

M1
— — PTGET FT0 Dz00 ]

e Pointer indirect addressing: Adds the value at D200 (pointed to by PTO0) to D300 and stores the result in D400

1
— —T FTGET FTO D200 ]

M0
— — ADD *PT0 1300 1400 ]

Note:
»  The programming software automatically prepends “*” to pointer variables used in non-address operation
instructions. Users may also manually add the “*” prefix.

4.10.2 Address Pointed by Pointer Variables

The address pointed to by a pointer variable can be acquired using the instruction PTGET.

Example

1. When the instruction's power flow is active, pointer variable PTO points to D200, assigning the address of
the D200 soft element to PTO.
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M1
] PTGET PTO D200 I

2. Pointer variables can target bit elements (X, Y, M, S), word elements (D, R, W), or user-defined array
variables.

4.10.3 PT Pointer Address Operations
After obtaining the pointer address, arithmetic operations (addition/subtraction) can be performed on the pointer
variable address to offset the address of the targeted element.
Example 1 (Single-word pointer)
=i

1
— — PTGET PTO D200 I

|| 111 [ PIIRC P10 ]

When M23 is ON, the address of the soft element pointed to by pointer variable PTO is incremented by 1. For
instance: If PTO originally points to D200, after executing the PTINC instruction, PTO points to D201. The system
automatically adjusts the offset increment based on the type of the targeted element or array variable.

Current PTO Pointer After PTDEC Execution
D200 D201
M200 M201
dival[0] dival[1]
Example 2 (Double-word pointer)
— | Comment
5M1
L | —— [ DPTGET D200 ]
M23
|} |4} PTDEC PTO ]

When M23 is ON, the address of the soft element pointed to by pointer variable PTO is decremented by 1. For
instance: If PTO originally points to D200, after executing the PTDEC instruction, PTO points to D198. The system
automatically adjusts the offset decrement based on the type of the targeted element or array variable.

Current PTO Pointer After PTDEC Execution
D200 D198
M200 M199
dival[5] dival[4]
Example 3 (Pointer address)
!4{SMI|—[ PIGET FTO D200 1
1‘n25| 14} PTO 10 PTS

When M25 is ON, the PTADD instruction assigns the address of the soft element pointed to by PTO, incremented
by 10, to PT9. For example: If PTO originally points to D200, after executing PTADD, PT9 points to D210.

Current PTO Pointer After PTADD Execution
D200 D210
M200 M210
dival[5] dival[15]

Example 4
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s
— PTGET FT0

nes
1}

FISUE

T200 ]

FIO 3 FT9 1

When M28 is ON, the PTSUB instruction assigns the address of the soft element pointed to by PTO, decremented

by 3, to PT9. For example:

Current PTO Pointer After PTSUB Execution
D200 D197
M200 M197
dival[10] dival[7]

Note:
»  All the above examples require the PTGET instruction to first acquire the pointer address. When a pointer
targets an array variable, ensure bounds checking is performed during address operations to prevent out-of-

range access.

Example 5
. 16#07000050 o
(I PTGET PTO D201 1
16807000080 o
PTGET PTZ Dz00 1
W 16#07000050 o K954
(B I PTLD> FTO D200 —C -

When M77 is ON, the PTLD> instruction checks if the address of pointer variable PTO exceeds D200. If PTO
points to D201, output MO is set to ON. Similar comparison instructions (PT>=, PT<, PT<=, PT=, PT<>) enable
pointer address checks.

4.10.4 Indirect Addressing
Once a pointer variable acquires an address through address operation instructions, it can be used in other
instructions to perform indirect addressing on the soft element or array variable it points to.
Example

18#0TO00CED
FTO

200
D200 ]

M1

(BN S PTGET

200 a00 oo
*FTO D300 D400 ]

nag

j——_———— ADD

When the instruction's power flow is active, the value of the soft element pointed to by pointer variable PTO is
added to D300. For instance, if PTO points to D200, the result is stored in D400 as D10+D100.

Note:
» Touse apointer variable for indirect addressing, a valid pointer address must first be obtained via pointer address

operation instructions.

4.11 System Variables
4.11.1 Overview

System Variables function enables monitoring of master status, slave status, and axis parameter information.

System Variables

Description

_McAXxis Data for motion control axes
_ECATMaster EtherCAT master status
_ECATSIave EtherCAT slave status

4.11.2_McAXxis Parameters

Table 4-4 Axis Operation Status

\ Name | Data |

Description | RW
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Type

dPulsesPreCycle DINT |Pulses per cycle (motor/encoder) WIR
fDistancePreCycle REAL | Distance per cycle (worktable) WIR
dNumerator DINT | Gear ratio numerator W/R
dDenorminator DINT | Gear ratio denominator W/R
bDirection BOOL | Direction W/R
bSoftLimitEnable BOOL | Software limit enable W/R
fPLimit REAL | Positive limit in linear mode W/R
fNLimit REAL | Negative limit in linear mode W/R
- Linear/rotational mode selection
iLineRotateMode INT 0: linear: 1: rotational W/R
fRotation REAL | Cycle in rotational mode W/R
EncodeMode INT E.ncoder mod'e_(valld in bus servo axis) W/R

1: absolute, 0: incremental
iHomeMethod INT Homing method W/R
fHomeVelocity REAL | Homing velocity W/R
fHomeApproachVelocity REAL |Homing approach velocity WIR
fHomeAcceleration REAL | Homing acceleration WIR
iHomeTimeOut INT Homing timeout W/R
bPLimitTerminalPolarity BOOL :)c()issl)tlve limit terminal polarity (valid in local pulse W/R
bNLimitTerminalPolarity BOOL [a\lxeig;ltlve limit terminal polarity (valid in local pulse W/R
bHomeTerminaPolarity BOOL |Home terminal polarity (valid in local pulse axis) W/R
S Positive limit input type (valid in local pulse axis)
iPLimitType INT 0: X, 1: M, 2: S W/R
S Positive limit input number (valid in local pulse axis)
iPLimitID INT X0~7/MO~M/S0~S WIR
S Negative limit input type (valid in local pulse axis)
iNLimitType INT 0:X. 1: M, 2: S WIR
iNLimitID INT Negative limit input number (valid in local pulse axis) WIR
. Home input type (valid in local pulse axis)
iHomelnType INT 0:X 1:M. 2 S WIR
iHomeInID INT Home input number (valid in local pulse axis) WIR
iEncoderInType INT Local encoder input type (valid in local encoder) WIR
iEncoderRstinEn INT Local encoder reset input enable (valid in local W/R

encoder)
iEncoderRstInID INT Local encoder reset input ID (valid in local encoder) WIR
iEncoderEnInEn INT Local encoder enable input enable (valid in local W/R

encoder)
iEncoderEninIiD INT Local encoder enable input ID (valid in local encoder) WIR
iEncoderPreSetinEn INT Ie_r?ccgclj:rr)lcoder preset input enable (valid in local W/R
iEncoderPreSetInID INT Local encoder preset input ID (valid in local encoder) WIR
iPluseMethod INT Pulse output method (valid in local pulse axis) W/R
bTouchProbeEn0 BOOL | Touch probe 0 input enable (valid in local pulse axis) W/R
iTouchProbelDO INT g?;j)c(%E;Obe 0 ID (valid in local pulse axis) W/R
bTouchProbeEnl BOOL | Touch probe 1 input enable (valid in local pulse axis) W/R
iTouchProbelD1 INT ;)I’E;J;:(%E;obe 11D (valid in local pulse axis) W/R
bCmpEnable BOOL | Comparison output enable (valid in local pulse axis) WIR
iCmpoutiD INT OC.???F?(;IE;)n output port ID (valid in local pulse axis) W/R
iCmpOutUnit INT | Comparison output unit (valid in local pulse axis) WIR
iCmpOutWidth INT | Comparison output width (valid in local pulse axis) WIR
fErrorStopDeceleration REAL | Axis error stop deceleration WIR
fFollowErrorWindow REAL | Follow error window WIR
fMaxVelocity REAL | Maximum velocity WIR
fMaxJerkVelocity REAL | Maximum jerk velocity WIR
fMaxAcc REAL | Maximum acceleration WIR
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iMaxTorque INT Maximum torque W/R
dConfigReserved[16] Struct | Reserved WIR
iMapped INT | Axis parameter mapping flag R/O
iType INT | Axis type R/O
iSlave INT | Axis mapping ID R/O
iVirtual Axis INT | Virtual axis flag R/O
iEnableStatus INT | Axis enable status R/O
iAlmStatus INT | Axis alarm status R/O
iAxisOprationStatus INT | Axis operation status R/O
. . Axis motion status

iCheckDoingStatus INT 0: stopped. 1: running R/O
ilnterpNum INT Interpolation channel number R/O
. . Control mode flags

lInterpBitType INT bit0: P_Task, bitl: S Task, bit2: F_Task, bit3: cam RIO
dCommandPulse DINT | Current command position R/O
hEncoderCounter DINT | Feedback-to-command position deviation R/O
dEncoderPos DINT | Encoder feedback position R/O
dStatusReserved[16] DINT | Reserved R/O

4.11.3_ ECATMaster Parameters
The EtherCAT master parameters include the master operation status and maximum cycle time, as shown in
Table 4-2.
Table 4-2 Master Information

Name Data Type Description R/W
bMasterEnableState BOOL Master enable status RO
bLinkState BOOL Master link state RO
dCycleTime DINT Master cycle time RO
dTaskExeTime DINT Master task execution time RO
iMasterState INT Master bus status RO
iSlaveNumber INT Number of connected slaves RO
iDcSlaveNumber INT Number of slaves supporting DC sync RO
iLossPackeCounter INT Master packet loss cumulative counter RO
dPdolnLength DINT Master PDO input length RO
dPdoOutLength DINT Master PDO output length RO
iCyclelJitter INT Master sync cycle jitter RO

Master running flag RO
iEthercatRun INT 0: stopped, 1: initializing, 3: running

Master scan ready RO
iScanRaedy INT 0: not ready, 1: ready
dReserved[31] DINT Reserved RO

4.11.4 ECATSlave Parameters

Table 4-3 Slave Information

Name Data Type Description R/W
ECATSIlave Array EtherCAT slave operational status RO
ECASIlave[0] Sruct Slave 0 axis RO
iState INT Slave current bus status RO
iALstatescode INT AL states code RO
iConfigaddr INT Configuration address RO
iAliasaddr INT Slave alias address RO
dEep_man DINT Slave equipment manufacturer 1D RO
dEep id DINT Slave equipment ID RO
iltype INT Interface type RO
iDtype INT Device type RO
iObits INT PDO output bits RO
iObytes INT PDO output bytes RO
iOstartbit INT PDO output start bit RO
ilbits INT PDOQ input bits RO
ilbytes INT PDO input bytes RO
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ilstartbit INT PDO input start bit RO
iHasdc INT DC support RO
iPtype INT PHY interface type RO
iTopology INT Topology RO
iActiveports INT Active ports RO
iParent INT Parent slave 1D RO
iParentport INT Parent port ID RO
iEntryport INT Entry port RO
iSlotConfig INT Valid slot configuration RO
iRdSlotsNum INT Read slot numbers RO
dRdSlotslds[31 ARRY Read slot ID list RO
dEep_rev DINT Slave equipment version RO
iPackLossCounter INT Cumulative packet loss counter RO
iPackLossSign INT Packet loss sign RO
Note:

» _ECATSIlave is a struct array with a length of 72. ECASIave[0] data structure represents the information for
Slave 0, including its operational status, packet loss count, and other relevant details. Subsequent axes follow
the same structure for their respective slaves.

4.12 Timer
4.12.1 Overview

Based on the IEC 61131-3 standard timer specifications, four types of timer with enhanced reset functionality
are defined as follows: Pulse Timer (DTPR), On-Delay Timer (DTON), Off-Delay Timer (DTOF), and Time
Accumulation Timer (DTACR). They feature a 1ms time base with real-time updates to current values and status
during execution. The program supports up to 4096 timer instructions. All timer types share identical instruction
parameters:

Table 4-4 Timer Instruction Parameters

Name Definition Data Type Description
Enable Enable flow / Start input
PT Input variable DINT Delay time
R Input variable BOOL Reset input
Q Output variable BOOL Timer output
ET Output variable DINT Current elapsed time
Timer timing sequence operation:
1 t i 1 t i 1 :t i
IN i HE 1
N TN S T O O S A
DTPR.Q
DTON.Q | R 1N
PTOF-Q_| b el el el
DTACR-Q | Nt

4.12.2 Pulse Timer (DTPR)

When the Enable input flow transitions from OFF to ON, the timer starts timing, and output Q turns ON.
Regardless of subsequent changes to the Enable input flow, Q remains ON for the duration specified by the PT
parameter. Upon reaching the PT-specified time, Q turns OFF. During timing, ET outputs the current elapsed time.
If the Enable input flow remains ON after the timer completes, the ET value is retained; if Enable is OFF, ET resets
to 0.

-55-



Programming Basics SH100/300/SH500 PLC Programming and Application Manual

DTFPR
— Enable
— T 0—
—E ET —

If the reset input R transitions from OFF to ON during timing, the TPR timer resets to 0 and output Q turns OFF.
After the reset input R returns to OFF, the timer resumes timing if the Enable input flow is active.

PT: Setting range of 0ms~2147483647ms (~24 days maximum); if PT <0, it is handled as 0.
Timing Diagram

The timing diagram for parameters Enable, R, Q, and ET is as follows:

Enabe

|

T
|
I
I
I
I
|
|
|
|
]
|
T
I
|

;
\

Note:

»  Output parameters "ET" and "Q" are updated when the instruction is executed. Thus, the state change of "Q"
occurs not at the exact moment when the elapsed time equals "PT" but at the first execution of the instruction
after the elapsed time reaches "PT." This introduces a maximum delay of one scan cycle for the output
parameters.

4.12.3 On-Delay Timer (DTON)

When the Enable input flow transitions from OFF to ON, the timer starts timing, and output Q remains OFF.
While Enable remains ON, the timer runs for the duration specified by the PT parameter. Once the PT-specified time
is reached, Q turns ON. If Enable turns OFF during or after timing, the timer stops, and Q resets to OFF.

During timing (with Enable ON), ET outputs the current elapsed time. If the timer completes and Enable remains
ON, the ET value is retained; if Enable turns OFF, ET resets to 0.

If the reset input R transitions from OFF to ON during timing, the DTON timer resets to 0 and output Q turns
OFF. After R returns to OFF, the timer resumes counting only if the Enable input flow transitions from OFF to ON
again.

DTOR
— Enable
— FT ) —
— R ET —

PT: Setting range of Oms~2147483647ms (~24 days maximum); if PT < 0, it is handled as 0.
Timing Diagram
The timing diagram for parameters Enable, R, Q, and ET is as follows:
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Enabe

L1

IE

\
|

Note:

»  Output parameters "ET" and "Q" are updated when the instruction is executed. Thus, the state change of "Q"
occurs not at the exact moment when the elapsed time equals "PT" but at the first execution of the instruction
after the elapsed time reaches "PT." This introduces a maximum delay of one scan cycle for the output

parameters.

4.12.4 Off-Delay Timer (DTOF)

When the Enable input flow transitions from OFF to ON, the timer starts timing and output Q turns ON. When
Enable transitions from ON to OFF, the timer runs for the duration specified by the PT parameter while Enable

remains OFF. Q turns OFF once the PT-specified time is reached.

While Enable is ON, ET outputs 0. When Enable transitions from ON to OFF, ET outputs the current elapsed
time during timing. After the timer completes, the ET value is retained.

DTOF
Enable
PT
E

Q_
ET [—

When Enable is ON and the reset input R transitions from OFF to ON, output Q turns OFF. If R returns to OFF,
Q resumes ON. When Enable transitions from ON to OFF during or after timing, if the reset input R transitions from
OFF to ON, output Q turns OFF and ET resets to 0. After R returns to OFF, the timer resumes counting only if the
Enable input flow transitions from ON to OFF again.
PT: Setting range of 0ms~2147483647ms (~24 days maximum); if PT <0, it is handled as 0.

Timing Diagram

The timing diagram for parameters Enable, R, Q, and ET is as follows:

En

.

)

Note:

»  Output parameters "ET" and "Q" are updated when the instruction is executed. Thus, the state change of "Q"
occurs not at the exact moment when the elapsed time equals "PT" but at the first execution of the instruction
after the elapsed time reaches "PT." This introduces a maximum delay of one scan cycle for the output

parameters.
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4.12.5 Time Accumulation Timer (DTACR)

When the Enable input flow is ON, the timer continues counting if its elapsed time has not reached the PT-
specified time, keeping output Q OFF. Q turns ON once the PT-specified time is attained. If Enable transitions to
OFF during timing (while previously ON), the timer retains its current count. When Enable returns to ON, the timer
resumes counting from the retained value until PT is reached, at which point Q turns ON.

While Enable is ON, ET outputs the current elapsed time. After reaching the PT-specified time, ET retains its
value. If Enable is OFF, the ET value remains unchanged.

DTACR
— Enable
— FPT .
— R ET —.

If the reset input R transitions from OFF to ON during or after timing, output Q turns OFF and ET resets to 0.
After the reset input R returns to OFF, the timer resumes timing if DTACR input flow is active.

PT: Setting range of 0ms~2147483647ms (~24 days maximum); if PT <0, it is handled as 0.
Timing Diagram

The timing diagram for parameters Enable, R, Q, and ET is as follows:

En

|
|
|
|
|
I
I
I
1
]
I
1
I
I

PT

|
|
|
|
l
|
I
]
I
I
|
I
|
|
|
| |
|

|
_i/_/ 4{/_
ET
Note:

»  Output parameters "ET" and "Q" are updated when the instruction is executed. Thus, the state change of "Q"
occurs not at the exact moment when the elapsed time equals "PT" but at the first execution of the instruction
after the elapsed time reaches "PT." This introduces a maximum delay of one scan cycle for the output
parameters.

Timer Usage Notes
1. For standard timers TO~T511, the time base values are as follows:

Timer Type Base Value
T0~T209 100ms
T210~T255 10ms
T256~T511 1ims
DTPR/DTON/DTOF/DTACR 1ms

2. Avoid using TO~T511 timers (fixed addresses) in FB/FC function block encapsulation. Repeated calls to FB
may cause double-coil issues for T timers. Use DTPR/DTON/DTOF/DTACR timers instead, which are automatically
instantiated during multiple calls.

4.13 Graphical Block Instructions

4.13.1 Instruction Structure
Selected instructions support graphical block programming. A graphical block instruction consists of an
instruction name, input terminals, and output terminals. The schematic below demonstrates this structure using an
axis motion control block as a representative example:
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Instruction Name
No Instance

IC_NoveAbsolute
—{Execute

~—{Axis Done b—
— Speediode Busy —

~Direction Aborted Output pin
. ~4Position Error b
Inputpin Velocity !rrv-.—Z['L

leration

|

Deceleration

~{ Jerk

Floating-point values (e.g., target position and velocity) in the instructions use the single-precision floating-
point (FLOAT) type. Therefore, values in PLC programs must adhere to the range and precision of the FLOAT type:
a range of -3.4E38 to 3.4E38 and 7 significant digits. If a value exceeds 7 significant digits, the excess digits are
automatically rounded.

4.13.2 Implementation Workflow
When programming, entering the graphical block instruction name and pressing Enter inserts the instruction
into the network. Parameters can be directly edited within the graphical block.
1. In ladder diagram editing, type the instruction name or select it from the prompt list to add the graphical block
instruction, as shown below.

Rz

HiEmA

Jasks

HO « MC_Power| I R5E I HiH |

MC_PathMov ( 1§iéi=)
MC_Pathadd (RET550)
M- Phasing (FRIBLIRIEIES)

2. After inserting the instruction, press Enter to auto-invoke it. Parameters marked with "??" are mandatory, while
"0" indicates optional parameters. If optional parameters are unused, default values are automatically assigned.
Outputs cannot retrieve instruction status during program execution or monitoring/debugging if parameters are

unused.
AR
no EC_NoveRelative
{ | Execute
TP —Axis Done —[__]
[ 1— Speediode Busy —[__|
27 —{Pesition aborted —[_]
7P — Velocity Error —[ |
/?? —hcceleration ErrorlD —
Kﬂaﬁﬁ%{;ﬂ [ ] Deceleration
77— Jerk

HIEASH

3. Search the instruction name in the Instruction Tree, and then double-click the desired instruction from the results,

as shown below:

|| Instruction Tree

[Mc_MovE
~

NC_NoveRelative

Execute
11— Abort
[]—{Speediode

72 —{Position

77 —{Velocity

7?2 —{Acceleration
[J—{Deceleration

77 — Jerk

[CJ—{BufferMode

Done
Busy
Aborted
Error

ErrorID

/=
—3
—
—
—3

4.13.3 Quick Variable Addition

1. In ladder diagram programming, right-click the instruction and select "Auto Define Variables", as shown

below.
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4] MC_MovelLinear (Move linear)

{7] MC_MoveCircular (Move circular)
{7] MC_MoveVelocity (Speed instruction)
{_] MC_Move (Positioning instruction)

4] MC_MoveSuperimposed (Displacement overlay instruction)

{7] MC_MoveBuffer (Multi-segment position instruction)
{1MCM™m bsol (Absolute ing instruction)

Bl MC MoveRelative (Relative positioning instruction)

{7] MC_MoveFeed (Interrupt fixed length instruction)

{7] MC_MoveVelocityCSV (Based on CSV pulse width adjustable <
{71 MC_MoveThreeDimensionalCircular (3D arc interpolation instr

4] MC_MoveSpiral (Spiral interpolation instruction)
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MC_MoveRelative
——Execute

77— Axis pone—[]
1 Abort Busy—[_]
[1—{SpeedMode Aborted —[]
77 —{ Position Error—[_]
22 —{velocity ErrorD —[]
22 —{Acceleration o -
Open(Q)
[l Batch Update Parameters(G)
e Goto Define
[ 1~{euffervode Auto Define Variable(W)
Undo(U) Ctrl+Z
Redo(R) Ctrl+Y
cut(m) Ctri+X
Copy(Q) Ctrl+C
Paste(P) Cirl+V
Select All(A) Ctrl+A
Delete(D) Delete
Change(V) Cul+R
Insert Row(l) Shift+Insert
Delete Row(L) Shift+Delete
Insert Col(J) Ctri+Insert
Delete Col(K) Ctrl+Delete
Modify Element Comment(E) Ctrl+E
Insert Block Comment(B)... Ctrl+B
Collapse All
Expand All
Position SFC Element(S)
Switch Insert/Overwrite Mode(M)  Insert

2. The "Define Variable" dialog will open, allowing configuration of “Initial Value”, “Variable Table”, “Data
Hold” attributes, etc. After configuration, the interface appears as shown below:

Zomment
MC_MoveRelative
—— Execute
72 —{ Axis Done—[]
[ abort Busy—[ ]
[1— speadmode Aborted —[]
22 —{ Posttion Eror—[ ]

Define Variable X
Variable Name |DataType Initial Value Data Hold |Authority  |Note ~
MC_MoveRelative INT 0 Not Hold Public
MC_MoveRelative BOOL OFF Not Hold Public
MC_MoveRelative BOOL OFF Not Hold Public
MC_MoveRelative| REAL 0.000000 Not Hold Public
MC_MoveRelative| REAL 0.000000 Not Hold Public
MC_MoveRelative| REAL 0.000000 Not Hold Public
MC_MoveRelative| REAL 0.000000 Not Hold Public v
Variable table:

I VAR_1 ~ I l oK ] cancel

3. Click "OK", and the variables are automatically generated. They can be viewed and modified in the variable
table, as illustrated below:

= | Comment
Mo MC_MoveRelative
12] it Execute
MC_MoveRelative_Axis_0 —{ Axis Done [—MC_MoveReltive_Done_0
MC_MoveRelative_Abort_0 — Abort Busy (—MC_MoveRelative_Busy_0
MC_MoveReltive_SpeedMode_0 — SpeedMode Aborted — MC_MoveRelative_Aborted_0
MC_MoveRelative_Position_0 — Position Error — MC_MoveRelative_Frror_0
MC_MoveReltive_Velocty_0 — Velocity ErrorlD — MC_MoveRelative_ErrorID_0

MC_MoveRelative_Acceleration_0 — Acceleration
MC_MoveRelative_Deceleration_0 —{ Deceleration
MC_MoveRelative_Jerk_0 —{Jerk

MC_MoveRelative_BuffermMode_0 — BufferMode

4.14 Subroutines
4.14.1 Overview

A subroutine constitutes a self-contained code module executable by the main program or other subroutines,
functioning as an optional component within user programs.

Using subroutines in user programming offers the following advantages:
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1. Reduces program size. Repetitive code segments with identical functionality can be encapsulated into a
subroutine for repeated calls.

2. Simplifies program structure, particularly by streamlining the main program.

3. Improves cross-project portability.

4.14.2 Subroutine Concepts
Subroutines are categorized as follows:
Flag Name Description
Supports up to 256 subroutines, including Standard Subroutine or Encrypted
Subroutine.
Encrypted and standard subroutines share the system’s 200K-step capacity
without restrictions.
External interrupts: X0~X7 input interrupts, supporting rising edge, falling
edge, and dual-edge detection.
Interrupt Subroutine  [Timed interrupts: 3 points, with a configurable timebase of 1ms~32767ms.
(Max. 68) High-speed counter interrupts: 7 points.
High-speed output completion interrupts: YO~Y7.
Comparison interrupts: 16 points (1~16).

SBR Subroutine

INT

4.14.3 Subroutine Execution Mechanism
The execution logic of the main program and subroutines, along with the cyclic scan method, is illustrated below:

-
- Interrupt
Subroutine
Main -

Program

Startup
Subroutine

[ -
v
SBR_Subroutine
Housekeeping
Retumn

Call ~

4.14.4 Subroutine Nesting Levels
Subroutines support up to 6 nesting levels, with the main program calling a subroutine counted as Level 1. Each
subsequent call increases the nesting level by one. If a nested call returns, the nesting level is not incremented. The
structure is shown below:

'

D —

Startup Subroutine

Main Program CALL | |
or Interrupt Trigger { Subroutine
Subroutine “

® Subroutine vl

-
A

¢
|
!

1 Subroutine
vl } Subroutine '\

1
—_—
1 | 1
i

Return . '

—_—1
1

Housekeeping
Subroutine

4.14.5 Subroutine Variable Table Definition

The subroutine variable table declares the subroutine’s interface parameters and local variables (collectively
referred to as variables) and defines their usage properties.
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M MAIN | £ VAR 1'[5] SBR 01 x

Index |Variable Name Variable Type Data Type Comments
LMO start IN BOOL
IN_OUT BOOL
LM1 outputl ouT BOOL
VO |freq ouT
Vit Gfreg TEMP INT
= | Comment

#otart #Foutputl
| L

N144 2

Subroutine Variable Attributes

The interface parameters and local variables (collectively referred to as variables) of a subroutine have the
following attributes:

1. Variable Address

Each subroutine variable is assigned a fixed LM or V element address. The address is automatically allocated
by the programming software based on the variable’s data type, following contiguous address allocation principles.

2. Variable Name

A variable name (alias) can be assigned to interface parameters or local variables. Variables can be referenced
by their names in the program.

3. Variable Type

Subroutine variables are categorized as IN, OUT, IN_OUT, or TEMP:

(DIN-type: Passes input values to the subroutine upon invocation.

(2O0UT-type: Passes return values from the subroutine upon completion.

(®IN_OUT-type: Passes input values upon invocation and return values upon completion.

(@OTEMP-type: Acts as a local variable valid only within the subroutine scope.

4. Variable Data Type

The variable data type defines the data width and range. The following table lists the available variable data

types:

Data Type Description Occupied LM/V Addresses
BOOL Bit-type variable 1 LM element address
INT Signed integer variable 1V element address
DINT Signed long integer variable 2 consecutive V element addresses
REAL Floating-point variable 2 consecutive V element addresses

4.14.6 Subroutine Parameter Passing
When calling a subroutine in the main program, if the subroutine defines local input/output variables, the
corresponding values or global/temporary variable elements must be specified in the interface parameters. Ensure
data type consistency between local variables and interface parameters.

£ VAR 17 [5] SBROT x

Index |Variable Name Variable Type Data Type Comments
LMO start IN BOOL
IN_OUT BOOL
LM1 outputi ouT BOOL
Vo freq ouT INT
V1 Gfreq TEMP INT
— | Comment
#start Foutputl
N159] | — il
<
M MAIN x
= [ Comment
SM0 SBR_01

|t Enable
M0 —start outputl —M1

freq —D0
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4.14.7 Subroutine Usage Example
The following example illustrates how to create and call a subroutine:
1) Overview
Call subroutine SBR_1 from the main program MAIN to perform the addition of two integer constants (10 + 5),

and assign the result (15) to D2.

V2.

2) Steps

1. Create a subroutine named SBR_1 in the project.

2. Program SBR_1.

Define the subroutine’s operand interface in its variable table:

Variable 1: Name = Numberl (IN-type parameter, INT data type), sequentially assigned V element address VO.
Variable 2: Name = Number2 (IN-type parameter, INT data type), sequentially assigned V element address V1.
Variable 3: Name = SumResult (OUT-type parameter, INT data type), sequentially assigned V element address

3. Program SBR 1’s implementation code, as shown below.
£ VAR 15| SBR 01 x | [M] MAIN

Index |Variable Name Variable Type Data Type Comments
VO Numberi IN INT
Vi Number2 IN INT
V2 SumResult ouT INT
ouT INT
. W INT
= | Comment
SMo
N159——— F—o ADD #Numberl #Mumber2 #SumResult 1

4. Call SBR_1 in the main program using the CALL instruction, as shown below.

= Comment
SMa SBR_D1
4140 { | Enable
10 —{Mumberl SumResult —D2
5 — Mumnber2

5. Compile, download, execute the user program, and perform online debugging and monitoring. Execution

results are shown below.

~ |||index  Varisble Name Varible Type Data Type | Comments
vo MNumber1 N INT
Vi Mumber2 N INT
\74 SumResult ouT INT
out INT

NiSH— M  ADD #humberl #Hurmber2 #SumResuk

4.14.8 Subroutine Usage Notes
The following considerations apply when writing or calling subroutines:
1. Nested Calls: Supports nested subroutine calls up to 6 levels.
Example of valid nesting:
MAIN — SBR1 — SBR2 — SBR3 — SBR4 — SBR5 — SBR6 (— denotes subroutine calling via CALL

instruction).

2. Prohibited Calls:

The following call structures are invalid.

Recursive Calls: MAIN — SBR0O — SBRO (illegal).

Cyclic Calls: MAIN — SBRO — SBR1 — SBRO (illegal).

3. Asubroutine variable table supports up to 16 BOOL-type and 16 word-type variables.

4. Ensure operand attributes in the CALL instruction match the variable attributes defined in the subroutine’s
variable table. The compiler verifies this matching.

5. Subroutine calls are not allowed within interrupt routines.

6. In the call editing area, type “CALL + Spacebar”, then select the target subroutine from the pop-up list.
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4.15 Interrupt Subroutine

4.15.1 Interrupt Overview
Interrupts execute immediately upon triggering, independent of the main program’s scan cycle. This mitigates
delays or timing deviations caused by scan cycles in high-speed signal processing, improving mechanical operation
accuracy.
(1) Interrupt Handling Mechanism
1. When an interrupt event occurs and is enabled, its event number is added to the interrupt request queue, a
FIFO (First-In-First-Out) queue with a depth of 8.
(1) System Handling of Interrupt Requests
1. If the interrupt request queue is not empty, the system interrupts normal user program execution.
2. The system checks the head entry of the queue (the earliest pending interrupt event number) and executes
the corresponding user-defined interrupt subroutine.
3. After the interrupt subroutine completes (via a return instruction), the head entry is removed. Subsequent
entries shift forward, and the next entry becomes the new head.
4. The system repeats the above steps until the queue is empty.
5. When the queue is empty, the system resumes the interrupted main program.
(111) The system processes one interrupt request at a time. New interrupts during processing are queued at the
tail and handled sequentially after prior requests are resolved.
(1V) When the queue reaches its maximum capacity (8 entries), the system blocks new interrupt events until all
gueued requests are processed and the main program resumes execution.
Note
1. Avoid excessive execution time in interrupt routines, as this may lead to blocked interrupt events (lost requests),
prolonged system scan cycles, and reduced main program efficiency.
2. Subroutine calls are prohibited within interrupt routines.
3. Use the immediate refresh instruction (REF) to refresh 1/O instantly during interrupts. Note that REF execution
time depends on the number of 1/O points refreshed.
4. To trigger an interrupt request, enable the corresponding interrupt event via its SM flag (each interrupt type has
dedicated SM enable/disable controls). Ensure the global interrupt enable flag is ON.
5. If an interrupt request occurs without a corresponding interrupt program in the user program, the system will still
respond but execute a no-operation (NOP).

4.15.2 Timed Interrupts
Overview
Timed interrupts execute an interrupt subroutine once at a preset interval, independent of the scan cycle.
Applications
Timed interrupts are ideal for scenarios requiring periodic processing with strict timing, such as periodic
sampling of analog inputs or waveform-based refreshing of analog outputs.
Timed Interrupt Resources for SH Series PLC

Timed Interrupts Event Number Timer Setting (SD) Enable Control (SM)
0 22 SD47 (1~32767ms) SM47
1 23 SD48 (1~32767ms) SM48
2 24 SD49 (1~32767ms) SM49
CAUTION

»  When the timer interrupt is disabled, pending timer interrupts in the queue will still be executed.

> If the timer interrupt is re-enabled after being disabled, the timer resets and starts counting from zero.

» To modify the timer value setting during program execution, follow these steps: disable the timer interrupt,
adjust the timer value, and then re-enable the interrupt.

Example
Requirements: Use Timer Interrupt O to trigger an interrupt every 1 ms. Each time the interrupt is entered, the
D200 register increments by 1.
1. Right click the "Program Block” in the Project Manager area, and select “Insert Interrupt Subprogram” to
create an interrupt subprogram (INT_01), as shown below.
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== varigaiie 1 dame

Export
------ [=] Data Bloe Import

M = Croertmrn Dla-l-

2. Right-click the newly created INT 01 subprogram and select “Property”, and then set its property to
“Timing interrupt 0”, as shown below.

L1 _temi save
~[=] Element Commei
== Struct INT 01 X
[ Function Block D -
=-=] Variable Table

-] VAR_1 | 4 Program Name:
~[F1vAR_2 [ |mr_o1

- -~ VAR 3 Author:

=-23 Program Block
[M MAIN | ‘
-[5] SBR_01 Interrupt Event:

m INT_O7 L |T\mmg interrupt O(Interrupt number=22) @

[F] FB Function Block —[cal i

\F| FC Function Program Description: L

[] Data Block

(- System Block

-~} Extension Modules
@R E-CAM

ross reference tabl

22 Element browse tab
[#-=4 Element monitoring
-[=] Element Memory Tz

0K Cancel

3. Program in the Main program and INT_01 as shown below:

© VAR 17 [M] MAIN x >

— | Comment

SMO
N1

it EI 1
Monitor operating position

SM47

 E— >
[Timed interruption 0 enable flag
bit

MoV 1 5047
Set value of timed interruption
0 cycle(ms)
v
< >
[1] INT 01 x >
Index |Variable Name Variable Type Data Type Comments ~
TEMP BOOL
TEMP BOOL
TFEMD rRONE b
— | comment: ~
5M0
N7f————HA ————{ NG D200 ]

[Monitor operating position

—leamment

4.15.3 External Interrupt

(1) Description

Uses input signals from X0~X7 to execute interrupt subprograms.

(2) Application

Suitable for high-speed control or capturing short-duration pulses, as it processes external input signals
independently of the PLC’s scan cycle.

(3) Precautions

1. The system’s maximum response frequency to external signals is 1 kHz. Events exceeding this frequency may
be missed.

ii. Both rising-edge and falling-edge interrupts can be enabled on the same input port. All external interrupts are
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active only when the global interrupt control (El) is enabled and the corresponding interrupt enable SM bit is active.
iii. For SH300 and SH500 series, the maximum input pulse frequency for X0~X7 is <200 kHz.

External Interrupt Number Assignment:

Rising-edge Interrupt Falling-edge Interrupt
Interr Interrupt
Port upt Interrupt Source Enable Port Interrupt Interrupt Source Interrupt
No. Enable SM
No. SM
X0 Rising-edge X0 Trailing-edge

X0 0 Interrupt SM25 X0 8 Interrupt SM33

X1 1 X1 Rising-edge SM26 X1 9 X1 Trailing-edge SM34
Interrupt Interrupt

X2 2 X2 Rising-edge SM27 X2 10 X2 Trailing-edge SM35
Interrupt Interrupt

X3 3 X3 Rising-edge SM28 X3 11 X3 Trailing-edge SM36
Interrupt Interrupt

x4 4 X4 Rising-edge SM29 x4 12 X4 Trailing-edge SM37
Interrupt Interrupt

X5 5 X5 Rising-edge SM30 X5 13 X5 Trailing-edge SM38
Interrupt Interrupt

X6 6 X6 Rising-edge SM31 X6 14 X6 Trailing-edge SM39
Interrupt Interrupt

X7 7 X7 Rising-edge SM32 X7 15 X7 Trailing-edge SM40
Interrupt Interrupt

Example

Requirements: Trigger an interrupt on the rising-edge signal of X0 to increment the DO register by 1 in the

interrupt subprogram.

1. Right click the "Program Block” in the Project Manager area, and select “Insert Interrupt Subprogram”, as

shown below.

=& external interrupt(VH523) A
= il Global Variable
==l System Variable
[0 _McAxis
7] _ECATMaster
[0 _ECATSlave
-[Z] Element Comment
-[Z] Struct — | Comment
[Z] Function Block Data
==l Variable Table
] VAR 1
EilProgram Blociy
] MAIN
~[5] SBR_01
- [I] INT_01
--[F] FB Function Bl
--[F] FC Function
--[Z] Data Block |

-

= | Comment

Insert Subprogram(S)
Insert Interrupt Subprogram(l)

Export
Import

2. Right-click the newly created INT 01 subprogram and select “Property”, and then set its property to “X0
input rising edge interrupt”, as shown below.

I=I'_ECATMaster
~[Z] _ECATSlave
[=l Element Commen t
= struct
[=l Function Block Data
=-[= variable Table
1 VAR 1
£5-43 Program Block
[ MAIN
[5] SBR 01
B~ o
[F] FB Function Block
[F] FC Function
[=] Data Block
System Block
& Extension Modules
A E-CAM
ZZ Cross reference table

2 Element browse table
4 Flamant man! itarina tahla

INT_O1 X

Program Name
[m_ox |

Author

®

Interrupt Event:

oK cancel

3. Program in the Main program and INT_01 as shown below:
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M MAN x =l 1] INT o1 x
= comment ~ | [Index |Variable Name Variable Type Data Type  Comments
SM TEMP BOOL
N1 I [ El ] TEMD RANI

Manitor operating posttion

SM25
2

= | Comment

5M0

X0 input rising edge interruptio
n enable fiag bit

N1

Monitor operating position

= | Comment

Do

= | Comment

4.15.4 High-speed Counter Interrupt

(1) Description

Triggers an interrupt based on the current value of the high-speed counter using the HCNT instruction. Used in

conjunction with the DHSCI instruction, the interrupt subprogram executes when the counter’s current value matches
the threshold defined by DHSCI.

(2) Usage Conditions

High-speed counter interrupts are valid only when paired with the HCNT or DHSCI instruction, based on the
counter’s value. Users can program logic related to external pulse inputs in the high-speed interrupt program. All
high-speed counter interrupts (33~40) are active only when the global interrupt control (EI) and the corresponding

interrupt enable flag are enabled. The interrupt assignments are listed below:

Event No. Interrupt Event Interrupt Enable SM
33 High-speed counter interrupt 0 SM58
34 High-speed counter interrupt 1 SM58
35 High-speed counter interrupt 2 SM58
36 High-speed counter interrupt 3 SM58
37 High-speed counter interrupt 4 SM58
38 High-speed counter interrupt 5 SM58
39 High-speed counter interrupt 6 SM58
40 High-speed counter interrupt 7 SM58

Example

1. Right click the "Program Block” in the Project Manager area, and select “Insert Interrupt Subprogram”, as

shown below.

=Rr) Program Bl

=M MAIN

{1 INT_01
----- [F] FB Function
----- [F] FC Function

= [Z] Function Block Data
=+ Variable Table

Insert Subprogrami(s)

Export
Import

~[5] SBR_01 Insert Interrupt Subprogram(l) |

----- [£] Data Block

2. Right-click the newly created INT 01 subprogram and select “Property”, and then set its property to “High-

speed counter interru;

Global Variable
System Variable
McAsis
ECATMaster
_ECATSlave
Element Comment
Struct
Function Black Data
Variable Table
VAR 1
£ Program Block
il MAIN
5)SBR 01

FIFC n
Data Block
) = System Block
O Extension Modules
@ E-CAM
£ Cross reference table
£ Element browse table
1 Elem:

ent monitoring table
ry Table

&' Communicatior
- COMO

utput Window

pt 0, as shown below.

Program Hame:
o1

Author:

Interrupt Event:
High speed counter interrupt O(Interrupt number=13)

Frogram Descripton:

H

Allocated Interrupt

Interrupt program  Tnferrupt number  Interrupt event
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3. Program in the Main program and INT_01 as shown below:
M MAIN x ~l| T INT01 x

~[Commen: ~ |[Index | Variable Name Variable Type Data Type  |Com| ~

SMO
M — = ] TEMP BOOL |

TFMD nNNI
< >

’

L e T — HCNT % 100 1
Manitar operating position

—
Ni: DHSCI 10000 236 3 = [Comment

= | Comment

4. Compile, download, and run the program. When M1 is ON, an interrupt is triggered once the current value
of high-speed counter C236 reaches 10,000. At this point, register DO in the interrupt program is set to 1.

4.15.5 Pulse Output Complete Interrupt

(1) Description

i. For SH100 series: When enable flags SM50, SM51, SM52 (corresponding to YO~Y2, respectively) are ON,
the Pulse Output Complete Interrupt can be triggered with positioning instructions PLSY, PLSR, DRVA, DRVI.
Users can perform related operations within the interrupt program.

ii. For SH300/SH500 series: When enable flags SM50, SM51, SM52, SM53, SM54, SM56, SM57
(corresponding to YO~Y7, respectively) are ON, the Pulse Output Complete Interrupt can be triggered with
positioning instructions PLSY, PLSR, DRVA, DRVI. Users can perform related operations within the interrupt
subroutine.

(2) Interrupt Enable Mapping

Port Event No. Interrupt Event Interrupt Enable SM

YO0 25 ngh-spe_ed output complete SM50
interrupt 0

Y1 2 ngh-spe_ed output complete SM51.
interrupt 1

Y2 27 ngh-spe_ed output complete SM52
interrupt 2

Y3 28 ngh-spe_ed output complete SM53
interrupt 3

va 29 ngh-spe_ed output complete SM54
interrupt 4

Y5 30 ngh-spe_ed output complete SM55
interrupt 5

Y6 31 ngh-spe_ed output complete SM56
interrupt 6

Y7 30 ngh-spe_ed output complete SM57
interrupt 7

Example
1. Right click the "Program Block™ in the Project Manager area, and select “Insert Interrupt Subprogram”, as
shown below.

e — | Comment
----- [Z] Element Comment
----- [Z] Struct
----- [Z] Function Block Data
—E Variable Table

] VAR 1 N
ShlProgram Blogd
..... M MAIN Insert Subprogram(s)
----- 51 SBR 01
----- [I] INT 01
----- [F] FB Function E Export T
----- [F] FC Function Import

----- [Z] Data Block i ‘

+-E System Block

2. Right-click the newly created INT 01 subprogram and select “Property”, and then set its property to “High-
speed counter interrupt 0”, as shown below.
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Project Manager rx

=F5 4.15.5 BoditHsERtRER (VHS2. ~
=+l Global Variable
=+ System Variable
- _McAss
[] _ECATMaster
[] _ECATSlave
~-[Z] Element Comment
[5 Struct
~-[Z Function Block Data
-5 Variable Table
[T VAR_1
=123 Program Block
-0 MAIN
[5] SBR 01
EEnliNT 011
[F] FB Function Block
[F] FC Function
[Z] Data Block
= System Block
£+ Extension Modules
& CAM
ross reference table

lement browse table
= Element monitoring table
[Z] Element Memory Table
= Instruction Wizard
(=-&" Communication Configurat
| = cOMO v
< >

Output Window

=

Ml MAIN x

INT_01

Idle Interrupt

Allocated Interrupt

Interrupt number

] 11

12

13

Program Name: 14
|1NT,|J1 ‘ 15
16

Author: 17

Interrupt Event:
g

[High speed output complete interrupt Yo(Interrupt number=25)

Program Description

oK Cancel

Interrupt event

X3 input falling edge interrupt

X4 input falling edge interrupt

X5 input falling edge interrupt

X6 input falling edge interrupt

X7 input falling edge interrupt

COMD Frame Send Interruption

COMD Frame Receive Interruption
COM1 Frame Send Interruption

COM1 Frame Receive Interruption
COM2 Frame Send Interruption

COM2 Frame Receive Interruption
Timing interrupt 0

Timing interrupt 1

Timing interrupt 2

High speed output complete interrupt
High speed output complete interrupt \
High speed output complete interrupt \
High speed output complete interrupt \
High speed output complete interrupt \
High speed output complete interrupt \
High speed output complete interrupt \

ink cnand Atk camnlatn inkarrimt \

Interrupt program  Interrupt number  Interrupt event

I

2 Current: High speed

output complete interrupt YO

25

DK

Cancel

3.  Program in the

Main program and INT_01 as shown below:

Project Manager Bx E MAIN x
[T _McAxis e
_ECATMaster SMO
H El
.7 ECATSlave e P——— !
~[E] Element Comment
[F] Struct
~[Z] Function Block Data | —
== Variable Table [ -
i DRVI D10 D12 YO Yi
[T VAR_1
25 Program Block — [Commant
-[fl] MAIN
~[5] SBR_O1 <
] INT 01 —
--[F] FB Function Block L] INT 01 x
|F] FC Function Index |Variable Name Variable Type Data Type Comments
-[Z] Data Block TEMP BOOL
(i System Block TEMP BOOL
£} Extension Modules TEMD el
7 E-CAM —[Commant —
Cross reference table N INC Do
Monitor operating positio
ZZ£ Element browse table
. . Comment
[+ ™ Element monitoring table
--[Z] Element Memory Table
(= Instruction Wizard e
T Aamama e Fimm Canfisara +

4.

Compile, download, and run the program. Manually set registers D10=1000 and D12=1000. When MO is

ON, an interrupt is triggered upon completion of the pulse instruction output. At this point, register DO in
the interrupt program is set to 1.

4.15.6 Axis High-speed Counter Comparison Interrupt

When using a local counter axis, the axis's high-speed counter comparison instruction can be employed. Enable
the corresponding interrupt by setting the enable flag SM71, with total support for 16 sets of comparison interrupt

instructions.

Example

1.
below.

Right click the "Program Block™ in the Project Manager area, and select “Insert Interrupt Subprogram”, as shown

H L = | Comment
--[Z] Element Comment
[Z] Struct
~[E] Function Block Data
[ Variable Table
L VAR 1 | —
2
M MAIN Insert Subprogram(S)
5 SeR 0
------ 1] INT_01
----- [F] FB Function B Export
----- [F] FC Function Import

----- [£] Data Block
- System Block

-69-




Programming Basics

SH100/300/SH500 PLC Programming and Application Manual

2. Right-click the newly created INT 01 subprogram and select “Property”, and then set its property to “Position
comparison interrupt 17, as shown below.

Project Manager a2

x

o5 s AR RET(VH523) A

=[] Global Variable
=-E] System Variable
L _Moehsds
[0 _ECATMaster
[] _ECATSlave
[£] Element Comment
[E] Struct
[E] Function Block Data
=-E] Variable Table
L) VAR 1
=23 Program Block
M MAIN
[5] SBR_01
|E] FB Function Block
IFl FC Function
[=l Data Block
System Block
£+ Extension Modules
A E-CAM
Cross reference table

Element browse table
= Element monitoring table
[El Element Memory Table
= Instruction Wizard
&' Communication Configurat
| coMo
< >

v

[ mMAIN x

INT_01

Idle Interrupt

Allocated Interrupt

Interrupt number  Interrupt event
29 High speed output complete interrupt
30 High speed output complete interrupt )
31 High speed output complete interrupt \
FrzmEm e R High speed output complete interrupt \
kE] High speed counter interrupt 0
‘[NT*DI 34 High speed counter interrupt 1
Author: 35 High speed counter interrupt 2.
‘ 36 High speed counter interrupt 3
37 High speed counter interrupt 4
Interrupt Event: 38 High speed counter interrupt 5
‘Nul configurated 39 High speed counter interrupt 6
40 High speed counter interrupt 7
Program Description: 45 High speed output position interrupt 0
46 High speed output position interrupt 1
47 High speed output position interrupt 2
48 High speed output position interrupt 3
49 High speed output position interrupt 4
50 High speed output position interrupt 5
51 High speed output position interrupt 6
0K Cancel

~

Interrupt program  Interrupt number  Interrupt event

Current: Position comparison interrupt 1

53

Cancel

3. Program in the Main program and INT_01 as shown below:
O Axis 0 | £ VAR 1

M MAIN x

= | Commsnt ~
SMD
N1 i | { El 1
Mainitor opers
= | Comment
M2 HC Counter
N4 i | Enzble
HC Counter Axis 0— Axs Pasition — HC Counter Position 0
HC Counter Invert 0— Invert Velocity[— HC Counter Velodty 0
Direction — HC Counter Direction 0
Positivelimit — HC Couwnter Posttivelimit 0
Negativelimit — HC Couwnter Negativelimit 0
Valid —HC Counter Valid 0
Busy — HC Counter Busy 0
Aborted — HC Counter Aborted 0
Emor [— HC Counter Emor O
EmorlD— HC Counter EmorlD O
= | Comment
M3 HC Compare
N44 i | Enzble
HC Compare fxis 0— Asis Drone[— HC Compare Done D
HC Compare Pesition 0 —{ Position Busy[—HC Compare Busy 0
= Compare OutputEnzble 0 — OutputEnsble Aborted — HC Compare Aborted O
C Compare IntermuptMap 0 —{IntermuptMap Error[— HC Compare Emror @
EmorlD— HC Compare ErorlD O [V
< >

Mamitor operat

q INC ]

= | Comment

4. Compile,

download,

and run the

program.

Manually  set

HC_Compare_Position_0=30

and

HC_Compare_InterruptMap_0=53. When M2 and M3 are turned ON, an interrupt signal is triggered once the
counter value reaches 30, and the register DO is set to 1.

4.15.7 Serial Port Interrupt
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(1) Description

In Freeport mode, the system generates interrupt events based on serial port send/receive operations.

(1) Application

Each serial port is allocated 2 interrupt resources. Serial port interrupts are used for scenarios requiring special
processing or real-time handling of frame send/receive operations, ensuring immediate response independent of the
scan cycle.

(1) Precautions

Enable/disable serial port interrupts by setting corresponding SM elements ON/OFF. Disabling interrupts does
not cancel queued interrupt tasks. Avoid calling the XMT instruction under continuously enabled conditions within
a send interrupt service subprogram, as this may cause nested interrupts and block user program execution.

(1V) Frame Send/Receive Interrupt. Refers to interrupt events triggered upon completion of XMT (send) or RCV
(receive) instructions.

Serial Port Interrupt Resource Table

Event No. Interrupt Event Interrupt Enable SM

16 COMO Frame Send Interruption SM41

17 COMO F_rame Receive SM42
Interruption

18 COML1 Frame Send Interruption SM43

19 coM1 F_rame Receive SM44
Interruption

20 COM2 Frame Send Interruption SM45

21 COM2 F_rame Receive SM46
Interruption

Example
1. Right click the "Program Block™ in the Project Manager area, and select “Insert Interrupt Subprogram”,
as shown below.

; L _rer v — | Comment

------ [Z] Element Comment

----- [Z] Struct

------ [Z] Function Block Data

IE!E Variable Table

] VAR 1 e
B Program clogd
M MAIN Insert Subprogram(s)
+[5)SBR 01
[T INT_01
----- F| FB Function POt T
----- [F] FC Function Import

----- [£] Data Block ‘
#-El System Block

2. Right-click the newly created INT_01 subprogram and select “Property”, and then set its property to
“Position comparison interrupt 17, as shown below.

L _rer v — | Comment

------ [Z] Element Comment

~[=] Struct

------ [Z] Function Block Data

BE Variable Table

= | Comment

Insert Subprogram(S)
Insert Interrupt Subprogram(l)

Export |

----- [F] FC Function Import
----- [Z] Data Block
+-E System Block

3. Program in the Main program and INT_01 as shown below:
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Project Manager 1 x M MAIN x Bl
=5 4.15.7 BOFER(VH523)
1] Global Variable
(1l System Variable
LE _McAxis
[T _ECATMaster
[T] _ECATSlave -

= [Comment ~ [

Gt
[El Element Comment ] ]

[E] Struct
[El Function Block Data ~ [Comment
15l Variable Table
CIVAR_1

&3 Program Block = [Comment

[ MAIN

5] SBR_01

[T INT_01
{F] FB Function Block
[F] FC Function
=] Data Block 2
System Block
-} Extension Modules 1] INT 01 % |
& E-CAM
2 Cross reference table
Z= Element browse table
-m Element monitoring table
[Z] Element Memory Table
-= Instruction Wizard
=-&" Communication Configuration || —[Gammex
--% COMO
-

* ‘ xmT 1 D10 2

~ [Commart

= [Comment

~ [Comma

CAN
-#h EtherNet
& Axis Config

= [Comment

4. Compile, download, and run the program. Assign D10=10. When M2 is activated, an interrupt will be
triggered, setting DO=1 in the interrupt subprogram.

4.16 Functions and Function Blocks (FB&FC)
4.16.1 Function Block (FB)

A Function Block (FB) abstracts and encapsulates reusable program segments into a generic block that can be
repeatedly called. Utilizing FB improves development efficiency, reduces programming errors, and enhances
program quality. During execution, an FB generates one or more output values and retains unique internal variables.
The controller’s runtime system allocates memory for these variables, which define the state characteristics. For
identical input values, varying internal states may yield different computational results.

The basic workflow for using FB: Create — Program — Instantiate — Execute— Encapsulate — Import.

Create a FB

1. In the Project Manager area, right-click "FB Function Block™ and select New. In the pop-up dialog box,
configure the FB editor and click OK to complete creation (FB_01). Right-click "FB_01" to rename,
encrypt, import/export, or delete the FB.

¥ e

=123 Program Block N
[ MAIN
-[5] SBR_O1
~[T] INT 01

Eﬂ FB Function Bloc:k B

----- F| FC Function

New X

..... =] Data Block Ladder chart
Ladder chart
& System Block Instruction list
----- £ Extension Modules Structured Text(ST)
..... A E-CAM oK Cancel

£ Cross reference table

=== . P TTT T E

Program a FB
Double-click "FB_01" to enter the editing interface. Define variable properties such as Variable Name, Variable
Type, Data Type, Initial Value, and Power-off Hold before use, as shown below.
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L I N B B L T T S Ry L} T oW 1w

x M MAIN[F] FB 01 x | £F VAR 1

~|

~

Index  Variable Name Variable Type Data Type Initial Value | Power-off Hold Comments
1 memberl IN INT 0 Not Hold
2 member2 IN INT 0 Not Hold
3 result ouT 0 Not Hold
4
= | Comment ~
SMo
|| [ ADD #memberl #member2 #result
Monitor operating position
— | Comment
Description of FB properties
Property Description
Variable Name User-defined variable identifier
Variable Type Variable Type Type Description
INT Input variable Parameter passed into the FB
ouT Output variable Parameter returned from the FB
INTOUT Input/Output Parameter passed into and out of the
variable FB
TEMP Local variable Accessible only within the FB

Data Type

Support BOOL, INT, DINT, REAL, STRING, ARRAY, struct, pointers, etc.

Initial Value

Assign a default value to the variable.

Power-off Hold

Hold: If "Initialize Variables Hold" is selected during download, variables reset to initial
values; otherwise, retain last runtime values.
Not Hold: Variables reset to initial values on power-up.

Comments

Add comments to variables or soft elements.

Note

1. Within an FB program, functions (FC) or function blocks (FB) can be called,
supporting up to 8 levels of nested calls.

2. Supported soft elements (e.g., D0) can be used as global variables in addition to FB
variables.

Example 1:| .E[‘Faf’.?l{!?tiﬂg an chdﬂigq funcltiqn BJLoqk using FB — Ladder Diagram (LD)

x M main-[F] FB 01 x| £F VAR 1

“|lindex |variable Name Variable Type Data Type Initial Value | Power-off Hold| Comments
1 memberl IN INT 0 Not Hold
2 member2 IN INT 0 Not Hold
3 resuk ouT 0 Not Hold
4

= | Comment

SMo
ol

i |
Monitor operating position

#memberl #member2 #resuft

— | Comment

Example 2: Encapsulating an addition function block using FB — Structured Text (ST)
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R eee=y ngex variable Name variable 1ype Data |ype 1ntial vaue Power-orT Hold Lomments
-l Global Variable 1 mermbert TEMP INT 0 Not Hold
=] System Variable 2 mermber2 TEMP INT 0 Mot Hold
[T _MeAxis 3 resut TEMP 0 Not Hold
--[C] _ECATMaster 4
--[C] _ECATSlave
--[Z] Element Comment
== Struct 1
~[J Struct Class Student 2 #result:= #mermberl+#mermber?;
--[7] Struct_1 3
--[Z] Function Block Data 4

=[] Variable Table
VAR 1
VAR 2
[C]VAR 3

=1-&3 Program Block

- MAIN

--[5] SBR_01

-1 INT_01

=1-IF] FB Function Block

-[F] FB_01

FENE

Instantiate a FB
After programming an FB, instantiate it in ladder diagram (LD) or structured text (ST) applications.

Ladder Diagram (LD)
e Method 1: In the LD application, select FB_02 and drag it to the editing area. Fill in parameter values in the
dialog box to complete instantiation, as shown below.

= | Comment

] FB_01:ADD
63 { | Enable
Monitor operating position DO —{memberl resutt—0D2

D1 | member2

Structured Text (ST)
e Method 1: Declare the FB instance in the instance table, then directly input the FB instance name in the ST

application and press Enter, as shown below.

o]

i

0 Moksis = EEES] BIESL WMRE  memm 3
7] _ECATMaster we f:3 ¥ 02 . TR
+.[7] _ECATSlave
~[E] ToiHER
B s
) Tz
o E mas

b
=yt FBSCBILE. [FE 02] \

=[] VAR sStats
EVAR_?&?Q,,% ESTIESHEEEN FBER #oikEnter
e VAR_1
2-07 Bt
-] MAIN
[5] sBr_O1
[5] sBR_02
[5] SBR_03
[T INT_01
=-[F] FeLjEEs:
[F] FB_01
F g
~[F] FB_03

[E] eramrn

FBECFI{k (Numberl := |
Number2 := ,
Result => );

Vs N

e Method 2: In ST programming, select the FB and drag it to the programming area. Enter the FB name in the
pop-up window to automatically instantiate it, as shown below.
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[
-] Global Variable
=-[=] System Variable
! [ _McAxis
[[] _ECATMaster
i [0 _ECATSlave
i--[Z] Element Comment
- Struct
: [7) Struct_Class_Student
: O] Struct_1
i--[Z] Function Block Data
&[] Variable Table

I vAR 1
VAR 2
-7 VAR 3
£1-8% Program Block
L MAIN
- [5] SBR_O1
“[I] INT_01

-[FI FB 01
R s 02
L[| FB_03
-[F| FC Function

SRR

Execute a FB
Ladder Diagram (LD)

=1-[F] FB Function Block

mnaex vargoie Name vargpie 1ype vata 1ype nmal vaue
1 we TEMP FB_02
2 add3 TEMP FB_02
2
1
2 we(mermberl := ,
3 mermber? := ,
4 result = );
5
6 add3(mermberl := ,
7 mermber? := ,
8 result =» );
9
10 Name Setting X
11
12
Name:
‘add}

After instantiation, the FB’s Enable pin is connected to the ladder logic network. When the Enable power flow
is ON, the FB executes, and its outputs update based on input states and internal variables. When the Enable power
flow is OFF, the FB halts execution and outputs retain their last values, as shown below.

Mo
il

FE_01:ADD_THT
Enable

Bumberl O 70} Humber! Result[{ B0 [Result D

Humberz_0 Humber?

Encapsulate a FB

A tested FB can be encapsulated into a library for reuse across projects via AutoSoft’s library management.
1. Right-click the function block and select Export, as shown below.

QE Struct

[Tl Struct_Class_Student

[Z] Function Block Data
E|E| Variable Table
~[EIVAR 1

-5 Program Block
- MAIN

(-] System Block
£} Extension Modules
@. E-CAM

: Cross reference table

- fe e e e ’

Program File Export X

Path

C:\Program Files (x86)\Veichi\AutoStudio\V1.12.10.6\lib\

Select | Program name Program type Export program na| Program description

O |sBrR_01 User subprogram |SBR_01
O |INT_01 Interrupt subprogri INT_01
|_|:| FB_01 FB Function Block |FB_01
[ {FB_02 FB Function Block |FB_02 |
O FB_03 FB Function Block |FB_03

[]Export to system function block

Select All Export Close

2. Inthe pop-up Program File Export dialog box, select the target FB, set the export path, and click Export to
generate the FB as an .EXP file.

Import a FB

Exported FB libraries can be imported into other programs for reuse via the following steps:
1. Right-click the “FB Function Block” in the Project Manager area and select “Import” to add it to the project,

as shown below.

-75-




Programming Basics SH100/300/SH500 PLC Programming and Application Manual

: """ L duuce_ 1
- Function Block Data Pragram File Import x
=+[Z] Variable Table

Path
C:\Program Files (x86)\Veichi\AutoStudio\V1.12.10.6\lib\,

=% Program Biock Select program name program type import program na program description

LM MAIN IFB 01 FB Function Block FB_01
(5] SBR_01
L[] INT_01
=Rl 75 Function Block]
[F| FB_01
~-[Fl FB_02
' [F FB_02
--[F| FC Function
-.[=] Data Block
System Block
--{} Extension Modules

== Cross reference table

2. The imported FB can be opened by double-clicking for editing or debugging. If the FB is encrypted, a
password must be entered to modify it.

4.16.2 Function (FC)

A Function (FC) is an independently encapsulated program block that can define input/output parameters and
non-static internal variables. Calling a function with identical input parameters always yields the same output results.
A key characteristic of functions is their static internal variables and lack of internal state storage, distinguishing them
from Function Blocks (FB). As a fundamental algorithm unit, FC is commonly used for mathematical operations
(e.g., sin(x), sqrt(x)).

The basic workflow for using FC: Create — Program — Call — Execute — Encapsulate.

Create a Function

1. Inthe Project Manager area, right-click the “FC Function”, select New, choose the editor in the dialog box,

and click OK to create a Function.

...... m INT | 01 New K
F\ FB Function Block

Editor Type:

Ladder chart ~

fal -c Function

--[E] Data Block

i System Block -
., 0K Cancel

{3 Extension Modules ]
@ E-CAM T

= Cross reference table

Program the Function
1. Double-click the newly created function to enter the editing interface. This interface includes an
Input/Output and Local Variables definition window, similar to function blocks program editing.

AR A/ Ath [ dst ik | O OO 4F | — | "Im t i
Project Manager LS (M main [ [F] k8 o1 [ £ var_1 | [F] r8_02 | [F] 803/ [F] Fc o1 x ~|
) _McAxis “|/[index  |Variable Name Variable Type Data Type  Comments
[ _ECATMaster 1 X N REAL
[ _ECATSlave 2 v ou‘r REAL
[E] Element Comment 3 K REAL
=-[El Struct 4 B _ REAL
| --[] Struct_Class_Student 5 TEMPO TEMP REAL
[ Struct_1 6
[Zl Function Block Data
=~ variable Table Tl al
gvar1 NZES—?MD RMUL # #X #TEMPO
-] VAR 2 [Monitor operating position
-] VAR 3
-5 Program Black RADD #TEMPO =B =Y
[l MAIN
5] sBR 01 — [ comment
[ INT_01
=-{F] FB Function Block
[F] FB_01
IFI FB_02 — [Comment
[F| FB_03
=8Il FC Function
.
=] Data Block — [ comment
System Block
£+ Extension Modules
@ E-CAM
— [ comment
ross reference table
ent browse table h
Alle >

Users can define input (IN), output (OUT), input/output (INOUT), and local variables (VAR). Supported data
types include BOOL, INT, DINT, REAL, STRING, arrays, and struct. For struct variables, define members in the
global variable structure is required.
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® Unlike function blocks, function variables cannot have initial values, and all local variables are “Not Hold”.

® Use ladder diagram (LD) to program the function. Functions (FC) can be called within the function and by other
functions, function blocks, or programs.

® Avoid state-dependent or multi-cycle execution instructions (e.g., LDP, motion control commands).

® Functions support encryption, and import/export.

Example 1: Encapsulate Y=KX+b using FC — Ladder Diagram (LD)

AHAZE At sk | O O4FA[— | =hba t ¢
Project Manager 7 x [ maiN | [E] FB 01 | €3 var 1 | [E] FB 02 [ [F] FB8 03'[F] FC01 x
0 _MeAxis * | [index  [variable Name Variable Type Data Type Comments
[C] _ECATMaster 1 X N REAL
[C] _ECATSlave 2 Y OUT REAL
[E] Element Comment 3 K REAL
= Struct PR v
' [F Struct Class Student 5 TEMPO TEMP REAL
i [7] struct_1 6
+.[E] Function Block Data
=-[5] Variable Table | Comment
CIVAR 1 N235 SIMD: { RMUL #K #X #TEMPO
| VAR 2 Monitor operating position
[C1VAR_3
=-£3 Program Block RADD STEMPO 8 2y
[ MAIN
- SER701 — | Comment
[I INT_01
=-{F] FB Function Block
[F FB_01
I-[F] FB_02 — [comment
[F| FB 03
[E80al FC Function
[£] Data Block | Comment
(= System Block
£} Extension Modules
A E-CAM
— | Comment
ross reference table
lement browse table
i Pl et L e

Example 2: Encapsulate Y=KX+b using FC — Structured Text (ST)

Project Manager 1 x M MAIN FB 01 | £ VAR 1 FB_02 FB 03 FC 01 [F] Fco2 x
I _McAxis *|/[Index  |Variable Name Variable Type Data Type  Comments
0 ECATMester : n REAL
[C] _ECATSlave 2 Y ouT REAL
[Z] Element Comment 3 K IN REAL
=-[E Struct 4 B IN REAL
- [T Struct Class Student 5 TEMPO TEMP REAL
[T Struct_1 6
[E] Function Block Data

E-[E] variable Table
[C1vAR 1
[ VAR_2
[ VAR_3
(=+-2% Program Block
[ MAIN
[5] SBR_O1
[T INT_01
E-F| FB Function Block
[F| FB_O1
[F| FB_02
[F| FB_03
=-IF] FC Function
[Fl FC_01
15 Fc 02|

[Z] Data Block

=

HY =#K*#XHB;

Call a Function

After programming the FC, drag it to ladder diagram (LD) or structured text (ST) applications to call it, assign
addresses or variables in the “Input Value”, and click OK.
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Call Subprogram X

Subprogram Name:

FC_01 v

Variable name Variable type Data type Import value Comment
X IN REAL DO

Y ouT REAL D2

K IN REAL D4

B IN REAL D6

Cance'

Execute a Function

Ladder Diagram (LD)

Once called, the function’s Enable pin connects to the ladder logic network. When the Enable power flow is ON,
the function executes, updating outputs based on input states. When the Enable power flow is OFF, the function halts
execution, and outputs retain their last values.

M mAIN x | [F] FB 01| £ var 1| [E] FB 02 | [F] FB_03 | [F] FC_02

— | Comment

SMO FC_ 01

N1 Enable
X

Monitor operating postion 00|

D4—K

D6—B

< >

[F] Fco1 x

Index  Variable Name Variable Type Data Type Comments
REAL
REAL
REAL
REAL
TEMPO REAL

BRI

— | Comment v
SMO

N2s7——— RMUL # #X #TEMPO 1
Monitor operating position
RADD #TEMPO #8 #Y ]

= | comment

Set Initial Values for FB

Initial values for FB can be modified via either the FB type or FB instance.

e Modifying the initial value through the FB type updates the type’s default value.

e Modifying the initial value through the FB instance updates the instance-specific value.

e If an instance’s initial value is modified, its member variables display the updated value with a yellow cell
background.

If unmodified, instance member variables show the default value with a white cell background.

The FB type’s initial value serves as the default for instances. Reset the instance’s modified value to the default.
Modifying Initial Values in Non-Nested FBs

When modifying the FB type’s initial value (e.g., from 0 to 10), the FB instance adopts the default value (FB
type’s initial value), as shown below.
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i main-[F] FB 01 x | €F varR 1 | [F] FB_02 | [F] FB 03 | [F] FC 02

I4

Index |Variable Name Variable Type Data Type Initial Value | Power-off Hold Comments
i memberi IN INT 0 Not Hold
2 member2 IN INT 0 Mot Hold
3 result ouT INT 0 Mot Hold
4 member3 TEMP INT Not Hold
5
= | Comment
SMa
1 { ADD #memberl #member2 #result
Monitor operating position
— | Comment
SMO
{7} { MOV #member3 D300

Monitor operating position

= | Comment

Modifying Initial Values in Nested FBs
If the variable Number3 (data type: Struct-FB1) references a nested struct Struct-FB, assign initial values

directly within the Struct-FB struct, as shown in the figure below.
M MAIN-[F] FB 01* x | 43 VAR 1 | [F] FB 02 | [F] FB 03 [ [F] FC 02

Index  Variable Name Variable Type Data Type Initial Value | Power-off Hold Comments
1 memberl IN INT 0 Not Hold
2 member2 IN INT 0 Not Hold
3 result ouT INT 0 Not Hold
4 member3 TEMP ‘ Not Hald
5
— | comment
SMO
{ | { ADD #memberl #member2 #result ]
Monitor operating position
— | Comment
SMo
1| { MOV #member3 D300

Monitor operating position

= | Comment

FB View Label
The displayed label consists of three components from left to right: Node Name, Instance Name, and Unsaved

Indicator. Node Name refers to the name of the project tree node; Instance Name indicates the instance name within
square brackets.

: lEl SBR_U1 = | Comment

-[I INT_O1 SMO FB_01:ADD

=-[F] FB Function Block N163— — Enable
Manitor operating position DO — memberl result [—D2
B

Fl FB 02 D1 — member2

[FI FB 03
-1-|F] FC Function

OBl o ona — ] Comment

As shown above, FB is the Node Name, FB_01:ADD_INT is the Instance Name, and * denotes unsaved changes.
To ensure proper label parsing, the characters ., *, (, ) are prohibited when renaming FB or struct.

4.16.3 Encrypt Function Blocks/Functions

Here using Function Blocks (FB) as an example. (The encryption procedure for Functions (FC) is identical.)
Encrypted FB/FC retain the same invocation method as standard FB/FC.
1. In the Project Manager area, unfold FB Function Block, right-click the target FB, and select
Encrypt/Decrypt.
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=TS VEIaIT 1 aus

[_]....g; Program Block
o MAIN

[ INT_01
=-{F] FB Function Block

- [F] FB_Q

||=| FB ( Open(0)
“[F] FB_( Delete(D)
E—lel FC Fune Pererty(P)

:E: EE—E Encrypt/Decrypt(C)
_[F Data Bl Bpoh

&= System  Import

2. Inthe “Program Encrypt” dialog box,. enter and confirm the password.
Program Encrypt ped

Password:

Confirm Password:

You can encrypt this program, but the contents of the encrypted program
cannot be viewed and edited.

0K Cancel

3. Theencrypted FB is displayed as the fliglur.e.: below.

= [ELER-Eunctian Block
FB 01

.[FI FB 03
=-{F] FC Function

------- [F| FC_02
------ =] Data Block
= System Block

(|

4. Repeat the same steps to decrypt the FB, restoring it to an unencrypted state.
To access an encrypted FB: Double-click the encrypted node, or right-click the encrypted node and select
Password Verify, and enter the correct password in the pop-up dialog box.

O AT tTR ] L1l

-[5] SBR_01 Password Verify X
[ INT_01
=+-F| FB Function Block Tiert o rror
-
[F] FB_02 [oes
[F FB_03

=-{F] FC Function
[F| FC_o1

—[F] FC 02 oK Cancel
--[Z] Data Block
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5 Programming Language
5.1 Structured Text (ST)

5.1.10verview
ST (Structured Text) is one of the five standard languages specified in IEC 61131-3, featuring a syntax similar
to PASCAL. It excels in conciseness, efficiency, and portability, enabling developers to write PLC programs using
structured code akin to high-level programming languages. Compared to traditional Ladder Diagram (LD), ST
demonstrates superior capabilities:
® Conciseness: ST features a clear code structure, enhancing readability and maintainability.
® Efficiency: Leveraging high-level language features (e.g., loops, conditional statements) significantly
boosts programming productivity.
® Portability: ST code is executable across various PLC platforms, ensuring strong portability.

For example:

IF bool_expression_1 THEN

<logic_statement>

ELSEIF bool_expression_2 THEN//Optional lines
<logic_statement>

ELSE//Optional lines

<logic_statement>

ENDIF;

Note:
»  Supported by SH300/SH500 series. For VC5 series, firmware v2.29+ and AutoSoft 12.10.3+ are required.
»  Maximum 1,000 lines per ST file.

5.1.2 Basic Rules of ST Language

(1) Variable declaration before use

Variables in ST require declaration before use. PLC programming tools prompt undeclared variables, with some
even automatically creating them. Declared variables generally need only data type and attributes, requiring no
initialization unless specified.

(2) English input

ST programming mandates English input mode for compilation success. While Chinese variables are supported,
their usage demands careful input method management: either English mode (default half-width/punctuation) or
Chinese input with half-width characters and English punctuation.

(3) Comments

Comments are ignored during compilation and support any text/symbols as long as the PLC permits. Comments
are categorized into single-line comment and multi-line comment, which is enclosed within (**) delimiters, with an
example shown in figure below.

1 #Y 1 =#K*#X+#B;

2

3 |/'-’-'1234567890 /| //multiline comment
4

5 ///AAAAA Single line comment
6

7

8

9
10
11

5.1.3 ST Expressions
Expressions are fundamental elements in ST, composed of operators and operands. Operands may be constants,
variables, function calls, or nested expressions and operators define computations between variables.

Example:
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Constants: 10, 10.5, 16#10

Variables: dVar, DO:R

Function calls: Fun1(2,8,9)

Compound expressions:

10+3, varl OR var2, (x+y)/z, iVarl:=iVar2+22

Expressions are evaluated based on operator precedence. Operators with the highest precedence are evaluated
first, followed by those with lower precedence in descending order. Operators of equal precedence are evaluated left
to right as written.

Examples

Given INT variables A=1, B=2, C=3, D=4:

A+B-C*ABS(D) evaluates to -9

(A+B-C)*ABS(D) evaluates to 0

For operators with two operands, left operand is evaluated first. Example: For SIN(X)*COS(Y), SIN(X) is
evaluated first, followed by COS(Y), and finally their multiplication.

Table 4-1 ST Language Operators

Operation Symbol Example Priority

Parentheses (Expression) (A+B/C), (A+B)/C, A/(B+C)| 9 (Highest)

Function call Function name (parameters separated by LN(A), MAX(X,Y) 8
commas)

Negation - -A 7
Unary plus + +B 7
Bitwise NOT NOT NOTC 7
Multiply * A*B 6
Divide / A/B 6
Modulus MOD AMODB 6
Add + A+B 5
Subtract - A-B 5
Comparison <,>,<=,>= A<B 4
Equality = A=B 4
Inequality <> A<>B 4
Logical AND AND AANDB 3
Logical XOR XOR AXORB 2

Logical OR OR AORB 1 (Lowest)

5.1.4 Variables

ST programming requires pre-declared variables. Define variables in the variable table and reference them in
ST, or directly write variables in the ST editor; pressing ENTER or clicking outside the program block to auto-trigger
batch declaration dialog box. The default variable type is INT, Data types are automatically recognized during
function/instruction calls.

i maiN | £ var 1 | [F] F8_02 | [F] F8_03 | [F] FC 02+ '[S] sBR 02 x

Index  Variable Name Variable Type Data Type  Commen ts
N BOOL
IN_OUT BOOL
AT leon

Jog: =auto;

e w N e

Define Variable x

Varizble table:

Varable Name  DataType  Intial Vae
Jog: BOOL OFF
auto; {BooL |~|oFF

Data Hold  Authorty  Note
Mot Hold | Public
Mot Hold | Public

ST programming supports soft elements (e.g., D, R, W) but requires data type declarations.
Examples:

DO: Defined as INT.

DO0:D: Defined as DINT (occupies DO and D1 registers).

D10:R: Defined as REAL (occupies D10 and D11 registers).

Refer to the figure below for illustration. Refer to the figure below for illustration.
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M MAIN | £} VAR 1 B 02 B 03 | [F] Fc 02 SBR 02 * x

Index  |Variable Name Variable Type Data Type Comments
N BOOL
IN_OUT BOOL
1
2 jog:=auto;
3 //D//
4 D0:=32767;//////INT
5 D2:D:=65536;/////DINT
6 D10:R:=12345.78;////real
7 //R//
8 RO:=32767;////int
9 R2:D:=65536;/////dint
10 R10:R:=12345.78;////real
11 73174
12 W0:=32767;////int
13 W2:D:=65536;/////dint
14 W10:R:=12345.78;////real
15
16 |

5.1.5 Constants

Constants can be defined in multiple formats:

1. Default decimal: E.g., a:= 100;

2. Ladder Diagram (LD)-style constants: 100 (decimal), 16# for hexadecimal, 8# for octal, floating-point
numbers (e.g., 12.234).

[M] MAIN | £ VAR_1* FB_02 FB 03 FC 02 SBR02* x ~

Index |Variable Name Variable Type Data Type Comments ~
IN BOOL
IN_OUT BOOL v
[alln [>laTall

1

2 jog:=auto;

3 //D//

4 D0:=32767;//////INT

5 D2:D:=65536;/////DINT

6 D10:R:=12345.78;////real

7 /IR

8 RO:=32767;////int

9 R2:D:=65536;/////dint

10 R10:R:=12345.78;////real

11 /77

12 W0:=32767;////int

13 W2:D:=65536;/////dint

14 W10:R:=12345.78;////real

15 e

16 a:=100;

17 b:=16#100;

18 Cc:=2#1000;

19 d:=8#1100;

5.1.6 FB/FC/SBR/Interrupt Invocation

(1) FB Block in ST: Input parameters (except axis parameters, which are mandatory) and output parameters
are optional, as shown below.

-7 Struct_Class_Student & A:=8FL1UU;
- Struct_1 20
-] Function Block Data 21 startl(memberl := ,
=] Variable Table 22 member2 = ,
FIVAR_1 23 result =» );
-[F1 VAR_2 24
-[F1 VAR_3 25
=23 Program Block 26 Name Setting be
-[f MAIN 27
2 onon =
] INT_01 gg |
=-/F| FB Function Elocli/
N — 31
[F] FB 02 32 Cancel
[Fl FB 03 33
=-[F| FC Function 34
- FIFco1 35

(2) FC Block in ST: All input parameters are mandatory; output parameters can be omitted. Missing inputs
will cause compilation errors.
(3) Subprogram in ST: Called as a parameterless function, e.g., SBR_03();
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¢ el STrucT_I
--[E] Function Block Data 20
-2 Variable Table 21 startl(memberl := ,
VAR 1 22 member? :=,
VAR 2 23 result => );
~F]VAR 3 24
[=-Ei Program Block g SBR_03():
-~ MAIN 26
5] SBR 01 77
~ESBRO2 - 28
"”@Eﬁﬂﬂ 29
I INT 01
&= [F] FB Function Block 30
 HmBo 31

(4) Interrupt in ST: No manual invocation required. Enable interrupts by calling EI(); and setting the
corresponding SM bits to ON.

[T VAR_1 26
i [F VAR 2 27
"-CIVAR 2 28 /*X0 rising edge interrupt*/
=-&7 Program Block 29 EIO;
I MAIN 30 | SM25:=1;
-[5] SBR_01 31
~[5] SBR_02
[ELSeR 0 INT_01 X
BT o Il
=-IF] FB Function Block
[F] FB_O1
-[F| FB_02 [mr_o1 |
~[F] FB_03 Author:
=-[F] FC Function | |
[FI FC_01
[F EC 02 Interrupt Event:
[E] Data Block Rl I |XE| input rising edge interrupt(Interrupt number=0) ! | E:]
Jutput Window Program Description:

>>> FC_02

>>> SBR_02

>>> SBR_03

“ustom Variables Statistic - Hold(0/131072), Not Ho
Jata Block Statistic - (0)Error

tuctar Blark Grstickie _ (MWFrear

e s

Program Name:

Note:
» FBJ/FC nested calls must not exceed 8 levels.
»  Subprogram (SBR) nesting must not exceed 6 levels.

5.2 Syntax Instruction

An ST program is composed of instructions, which are separated by semicolons
Table 4-3 ST Syntax Instruction List

Instruction Function Example

= Assighment A:=B

FB call Function block call and TONR (In:=b0, PT:=dVar, R:=b0, Q=>, ET=>);

output

[I3%¢2)
5

IF A>0 THEN
X:=10;
IF Selection ELSE
X:=0;
END IF;
CASEAOF
1:X:=1;
CASE Multi-branch selection 2:X:=2;
3:X:=3;
ELSEX:=0;
END_CASE;
A:=0;
WHILE While loop WHILE A<=1000DO
A=A+T;
END WHILE;
A=1;
TOTAL:=0; REPEAT
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REPEAT Repeat loop TOTAL:=TOTAL+A; A:=A+1,
UNTILA>10
END_ REPEAT;
FORIi:=0TO100DO
FOR For loop X[i]:=0;
END_FOR;
EXIT Exit loop EXIT;
CONTINUE Break current loop CONTINUE;
RETURN Return RETURN;
(* Comment out multiple lines
(*text*) Comment IFA=3THENA:=5;
END_IF;
*)
/] text Single-line comment /IA:=5;
; Empty statement ;

5.2.1 Assignment Statement

The assignment statement is one of the most frequently used constructs in Structured Text (ST). It assigns the
value of the right-hand expression to the left-hand operand (variable or address) using the operator :=.

Syntax:

<Variable> := <Expression>;

Example:

A:=B*5;

After execution, the value of A becomes five times the value of B.

5.2.2 Function Block Invocation
Syntax:
FB_Instance Name(FB_Input := Value, FB_Output => Value, ...);
Example:
Call an instance of an addition function block (ADD_Function), assign input parameters DO and D1, map the
output to D2, and assign the result to i_Sum:
ADD_Function (Number1:=D0,
Number2:=D2,
Result=>D10);
i_Sum:=ADD_Function.Result;

Note:
ADD_Function is the function block instance.

5.2.3 IF Statement

The IF statement implements a single-branch conditional structure.
Syntax:

IF <Boolean_Expression> THEN
<Statements>;
END_IF;

The <Statements> execute only if the <Boolean_Expression> evaluates to TRUE. <Statements> may contain a
single statement, multiple statements, or be empty.

FALSE
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Example: Check if the current temperature exceeds 60<C. If true, turn on the fan:

/l Variable declaration

nTemp: INT; (* Current temperature signal *)
bFan: BOOL; (* Fan ON/OFF signal *)

// Program

nTemp:=80;

IF nTemp>60 THEN

bFan:=TRUE;

END_IF

5.2.4 IF-ELSE Statement

The IF-ELSE statement implements a dual-branch conditional structure.
Syntax:

IF <Boolean_Expression> THEN
<Statements 1>;

ELSE

<Statements 2>;

END _IF

If <Boolean_Expression> is TRUE, <Statements1> executes; otherwise, <Statements2> executes.

TRUE FALSE

1
e

Example: Check if temperature is below 20T to enable heating; otherwise, disable it:

/I Variable declaration

nTemp: INT; (* Current temperature signal *)
bHeating: BOOL; (* Heater ON/OFF signal *)
/l Program

IF nTemp<20 THEN

bHeating:=TRUE;

ELSE

bHeating:=FALSE;

END_IF

Nested IF-ELSE (Multi-Branch):

IF <Boolean_Expression1> THEN
IF <Boolean_Expression 2> THEN
<Statements 1>;

ELSE

<Statements 2>;

END_IF

ELSE

<Statements 3>;

END_IF

3) IF..ELSIF..ELSE (Multi-Branch):
Syntax:

IF <Boolean_Expression 1> THEN
<Statements 1>;

ELSIF <Boolean_Expression 2> THEN
<Statements 2>;

ELSIF <Boolean_Expression 3> THEN
<Statements 3>;

ELSE
<Statements n>;
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END _IF

Executes <Statements1> if <Boolean Expression1> is TRUE. If false, evaluates subsequent ELSIF conditions
sequentially. Executes <Statements n> only if all conditions are FALSE.

Boolean 4 :
Expression EALSE
1

Boolean

TRUI g Ereion | FOLSE

TRU & e - FALSE

3

nu'll
h 4 5 ,

Statement 1 Statement 2 Statement 3 Statement n

[ N B

Notes:

»  An IF statement must include at least one IF, THEN, and END _IF.
»  Keyword: Use ELSIF (not ELSEIF).

»  Conditions are terminated by THEN.

5.2.5 CASE Statement

The CASE statement enables multi-branch selection based on the value of an expression.
Syntax:

CASE <Condition_Variable> OF
<Valuel>: <Statements1>;

<Value2>: <Statements2>;

<Value3, Value4, Value5>: <Statements3>;
<Value6..Valuel0>: <Statements4>;
<Value n>: <Statements n>;

ELSE

<Else_Statements>;

END_CASE;

Execution Logic:
® |f the value of the <Condition_Variable> equals <Value_i>, execute <Statements_i>.
® |f no specified value matches the conditional variable, execute the <Else_Statements>.
® \When multiple values require identical operations, list them consecutively separated by commas to execute
shared instructions, as shown in line 4 of the example.
® For value ranges requiring identical operations, specify the start and end values separated by two dots (..)
to execute shared instructions, as shown in line 5 of the example.
Example: When the state is 1 or 5, Device 1 operates and Device 3 stops; for state 2, Device 2 stops and Device
3 operates; for states 10 to 20 (inclusive), Devices 1 and 3 operate simultaneously. In all other cases, Devices 1, 2,
and 3 stop. Implementation code is as follows:

/I Variable declaration

nDevicel, nDevice2, nDevice3:BOOL; (*Device 1..3 switch control signals*)
nState:INT; (*Current state signal*)

/I Program

CASE nStateOF

1.5:

nDevicel:=TRUE;

nDevice3:=FALSE;

2:
nDevice2:=FALSE;
nDevice3:=TRUE;
10..20:
nDevicel:=TRUE;
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nDevice3:=TRUE;
ELSE
nDevicel:=FALSE;
nDevice2:=FALSE;
nDevice3:=FALSE;
END_CASE;

Execution of the CASE statement;
® \When nState is 1 or 5: Device 1 turns on and Device 3 turns off.

® \When nState is 2: Device 2 turns off and Device 3 turns on.
® \When nState is 10~20: Device 1 and Device 3 turn on.
® |nall other cases: Devices 1, 2, and 3 turn off.
nState
Others
Device 1 ON; Device 2 OFF ; Device 1 ON; Device 1 OFF ;
Device 3 OFF Device 3 ON Device 3 OFF Device 2 OFF:
Device 3 OFF
Notes:

e The expression in a CASE statement must evaluate to an integer value.
e The ELSE clause is optional; some implementations may use only the CASE...OF...END_CASE structure.

5.2.6 FOR Loop Statement
The FOR loop initializes a variable, repeats nested statements while a condition is TRUE, evaluates iteration
expressions, and terminates when the condition becomes FALSE.
Syntax:

FOR <Variable> := <Initial_Value> TO <Target_Value> {BY <Step>} DO
<Statements>

END_FOR;

Execution sequence:

Check if the <Variable> lies within the range from <Initial_Value> to <Target_Value>.

If <Variable> is less than <Target_Value>, execute <Statements>.

If <Variable> exceeds <Target_Value>, skip the loop.

After each iteration, increment <Variable> by the specified <Step> The step can be any integer value (default:
1 if unspecified). Terminate the loop when <Variable> exceeds <Target_Value>.

Conceptually, a FOR loop operates like a copier: a preset number of iterations (copies) is defined, and the loop
stops once the count is reached.

The FOR loop is the most common iteration structure, designed for fixed-count repetition. However, its
flexibility allows implementation of other loop patterns through varying coding approaches. A practical example is
provided below to demonstrate its usage.

Example:

Calculating 2° using a FOR loop:

/I Variable declaration
Counter:INT; (*Loop counter™®)
Varl:INT; (*Output result*)

/l Program

FOR Counter:=1TO 5BY 1 DO
Varl:=Varl* 2;

END_FOR;

If Varl’s initial value is 1, its final value becomes 32 after the loop.

Note:
If the <Target_Value> equals the <Variable> limit value, the loop becomes infinite. For example, if the counter
variable (e.g., Counter of type SINT, range: -128 to 127) is assigned a <Target Value> of 127, the controller enters
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an infinite loop. Thus, avoid setting <Target_Value> to limit values.

5.2.7 WHILE Loop Statement

The WHILE loop operates similarly to the FOR loop but differs in its termination condition: it uses an arbitrary
Boolean expression to determine iteration.

Syntax:

WHILE <Boolean_Expression>

<Statement>;

END WHILE;

Execution sequence:

Evaluate the <Boolean_Expression>.

If the result is TRUE, execute <Statement> and repeat.

If the initial evaluation is FALSE, skip <Statement> and exit the loop immediately. The execution flow is as

shown below.
Expression - FA [.' SE
lT RUE
Statement
Note:

> Ifthe <Boolean_Expression> remains TRUE indefinitely, an infinite loop occurs. Avoid this by modifying loop
conditions, e.g., using increment/decrement counters.

A WHILE loop behaves like controlling a motor in an industrial setting: the motor runs continuously while the
"Start" button is pressed (Boolean = TRUE) and stops immediately when the "Stop™ button is pressed (Boolean =
FALSE).

Example 7.X: Execute the loop body as long as the counter is non-zero.

/I Variable declaration

Counter:INT;

Varl:INT; (*Counter*)

// Program

WHILE Counter <> 0 DO

Varl:= Varl * 2;

Counter := Counter - 1,

END_WHILE

In a certain sense, WHILE loops are more powerful than FOR loops because they do not require prior knowledge
of the iteration count before execution. Consequently, only these two loop types are necessary in some scenarios.
However, when the exact number of iterations is predetermined, FOR loops are preferable as their fixed structure
inherently prevents infinite loops.

5.2.8 Repeat Loop

The REPEAT loop differs from the WHILE loop because it checks the termination condition after executing the
loop. This ensures the loop executes at least once, regardless of the initial condition.

Syntax:

REPEAT

<Statements>

UNTIL

<Boolean_Expression>

END_REPEAT;
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Execution sequence:

The <Statements> are executed if the <Boolean_Expression> evaluates to FALSE.

The loop terminates when the <Boolean_Expression> becomes TRUE.

If the <Boolean_expression> is TRUE after the first iteration, the <Statements> execute exactly once.

Note:
If the <Boolean_Expression> remains TRUE indefinitely, an infinite loop occurs. Avoid this by modifying loop
conditions, e.g., using increment/decrement counters.

Example: Demonstrating a REPEAT loop that terminates when the counter reaches 0.

/l Variable declaration
Counter:INT;

// Program

REPEAT
Counter:=Counter+1;
UNTIL

Counter=0
END_REPEAT,;

In this case, the REPEAT loop executes at least once per program cycle. The Counter, defined as INT (0~32767),
performs 32767 increment-by-1 operations per cycle. Due to the post-condition check, the is incremented once (to 1)
before evaluation. The variable continues accumulating until it overflows to 0, thereby exiting the loop.

5.2.9 EXIT Statement
The EXIT statement immediately terminates the FOR, WHILE, or REPEAT loop, regardless of its termination
condition.
Syntax:

EXIT;

Example: Using EXIT to avoid division by zero in an iterative loop.

FOR Counter:=1 TO5BY 1 DO
INT1:=INT1/2;

IFINT1=0THEN

EXIT; (*Prevent division by zero*)
END_IF

Varl:=Varl/INT1;

END_FOR

When INT1 equals 0, the EXIT statement terminates the FOR loop immediately.

5.2.10 CONTINUE Statement
The CONTINUE statement, an extension based on the IEC 61131-3 standard, can be used within FOR, WHILE,
or REPEAT loops. It skips the remaining code in the current iteration and immediately starts a new loop iteration. In
nested loops, CONTINUE affects only the innermost loop containing it.
Syntax:
CONTINUE;
Example: Using CONTINUE to avoid division by zero in an iterative loop.

/I Variable declaration

Counter:INT; (*Loop counter™®)

INTL, VarL:INT; (*Intermediate variables*)
Erg:INT; (*Output result*)

/l Program

FOR Counter:=1 TO 5 BY 1 DO
INTL1:=INT1/2;

IFINT1=0 THEN

CONTINUE; (*To avoid division by zero*)
END_IF

Varl:= Varl / INT1; (*Executed only if INT1 # 0%)
END_FOR;

Erg:=Varl,

5.2.11 RETURN Statement

The RETURN statement terminates the execution of the current main program, subroutine, function block (FB),
or function (FC).
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Syntax:

RETURN;

Example: Using RETURN to exit immediately when a condition is met.

/I Variable declaration

nCounter:INT,;

bSwitch:BOOL,; (*Switch signal*)

// Program

IF bSwitch=TRUE THEN

RETURN;

END_IF;

nCounter:=nCounter+1;

If bSwitch is FALSE, nCounter increments by 1 each cycle; if bSwitch is TRUE, nCounter retains its value from
the previous cycle, and the RETURN statement exits the current program immediately.

5.2.12 GOTO and LABEL Statements
The GOTO statement enables unconditional jumps to a labeled code line.
Syntax:
GOTO <identifier>;
LABEL <identifier>;
<identifier> is placed at the start of a program line. When GOTO is executed, control jumps to the line marked
by the specified <identifier>.

Note:
»  Avoid infinite loops by controlling jumps with conditional statements like IF.

Example: Using GOTO to cycle a counter within 0..10.
IF(D2100<10)THEN

GOTO 1; // Jump to label 1

END _IF

LABEL 0; // Label 0

D2100:=0;

LABEL 1; // Label 1

D2100:=D2100+1;

LABELO and LABEL1 are not variables, and require no declaration.

The IF statement checks if the counter is within the 0~10. If true, the GOTO1 statement directs the program to
jump to LABELL1 in the next cycle, executing D2100:=D2100+1 to increment the counter. Otherwise, it jumps to
Labell and executes nCounter:=0 to reset the counter. This functionality can also be implemented with FOR, WHILE,
or REPEAT loops. GOTO statement should generally be avoided, as it reduces code readability and maintainability.

5.2.13 Comment
Comments are critical in programs, enhancing readability without affecting execution. In the ST editor,
comments can be added anywhere in the declaration or execution sections.
The ST language supports two comment formats:
Multi-line comments enclosed between (* and *), allowing block annotations.
Single-line comments starting with //, extending to the end of the line.

5.3 ST Language Instructions

5.3.1 Program Control Instructions

Instruction Description Example
El Enable interrupt El();
DI Disable interrupt DI();

5.3.2 Bit Processing Instructions

Instruction Description Example
ZRST Batch bit reset ZRST(Address, Number);
ZSET Batch bit set ZSET(Address, Number);
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5.3.3 Pointer Instructions
Instruction Description Example

PTGET Pointer assignment PTGET (Pointer, Target);
PTINC Pointer address increment by 1 PTINC (Pointen);
PTDEC Pointer address decrement by 1 PTDEC (Pointer);
PTADD Pointer address addition PTADD(Source, Offset, Target);
PTSUB Pointer address subtraction PTSUB(Source, Offset, Target);
PTMOV Pointer assignment between variables PTMOV/(Source, Target);

5.3.4 Numeric Conversion Instructions

Instruction Description Example
TO_BOOL Convert variable to BOOL type TO_BOOL(Source);
TO_INT Convert variable to INT type TO_INT(Source);
TO_DINT Convert variable to DINT type TO_DINT(Source);
TO_REAL Convert variable to REAL type TO_REAL(Source);
5.3.5 Mathematical Function Instructions
Instruction Description Example
ABS Single-word absolute value ABS(Source);
SQT Single-word square root SQT(Source);
LN Natural logarithm LN(Source);
LOG Common logarithm LOG(Source);
EXP Natural exponent EXP(Source);
POWER Exponentiation POWER(Sourcel, Source?2);
SIN Sine function SIN(Source);
COos Cosine function COS(Source);
TAN Tangent function TAN(Source);
ASIN Arcsine function ASIN(Source);
ACOS Arccosine function ACOS(Source);
ATAN Tangent function ATAN(Source);
5.3.6 Data Processing Instructions
Instruction Description Example
SHL Word left shift SHL(Source, Numben);
SHR Word right shift SHR(Source, Number);
MAX Take maximum value of words MAX (Start, Number);
MIN Take minimum value of words MIN (Start, Number);
SEL Select between two words based on SEL (Condition, Datal, Data2);
condition
5.3.7 String Processing Instructions
Instruction Description Example
STRCLEAR Clear string STRCLEAR (String);
STRDELET Delete string STRDELET(Source, Deletelength, DeletePos, Result);
STRADD Concatenate strings STRADD(Stringl,String2,Result);
STRLEN Get string length STRLEN(Source, Length);
STRRIGHT Read string from right side STRRIGHT(Source, Result, Length);
STRLEFT Read string from left side STRLEFT(Source, Result, Length);
STRMIDR | Read St“g%sfirt‘i’g:fpec'f'ed STRMIDR(Source, Result, StartPos, ReadLength):
STRMIDW Replace s;g;gtjigaspeufled STRMIDW(Replace, Source, StartPos, ReplacelLength);
STRINSERT | Insert Stgggt?éspec'f'e" STRINSERT(Source, Insert, InsertPos, Result):
STRINSTR Search for string STRINSTR(Search, Source, ReturnPos, StartPos);
STRCMP Compare strings STRCMP(Stringl, String2, Result);

5.3.8 Timer Instruction
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Instruction Description Example

DTPR(Enable:=,
PT:=,

DTPR Pulse timer instruction R:=,

Q=>,

ET=>);

DTON(Enable:=,
DTON On-delay timer instruction =

ET=>);

DTOF(Enable:=,
PT:=,

DTOF Off-delay timer instruction R:=,

Q=>,

ET=>);

DTACR(Enable:=,

DTACR Accumulation timer instruction R:=,

5.3.9 MC Axis Control Instructions

Instruction Description Comment
MC_Power Enable axis control
MC_Reset Reset fault
MC_Home Homing
MC Stop Stop
MC_ MoveVelocity Velocity control
MC Jog Jog
MC_ Move Positioning

MC ReadAxisError Read axis error

MC_ReadPosition Read actual position

MC ReadStatus Read axis status

MC_TorqueControl Torque control

MC_SetPosition Set position

MC_ MoveSuperimposed Superimposed motion

MC_TouchProbe Touch probe

MC Linear Linear interpolation

MC_Circle CW Clockwise circular interpolation

MC Circle CCW Counter-clockwise circular interpolation

MC_ MoveBuffer Multi-segment move

MC_MoveAbsolute Absolute move

MC_ MoveRelative Relative move

MC ReadVelocity Read actual velocity

MC_ MoveFeed Feed-interrupt move

MC Halt Motion halt

MC_SyncTorgqueControl Synchronized torque control

MC_ReadActualTorque

Read actual torque

MC_FollowVelocity

Velocity superposition control

MC_ReadDigitallnput

Read digital inputs

MC_MoveVelocityCSV

CSV-based variable pulse width velocity control

MC_SyncMoveVelocity

CSV-based synchronized velocity control

MC MoveThreeDimensionalCircular

3D circular interpolation

MC_MoveSpiral

Spiral interpolation

MC_SetAxisConfigPara

AXxis parameter configuration

5.3.10 Axis Group Instructions

Instruction

Description

Comment

MC_MoveLinear

Linear interpolation
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MC MoveCircular

Circular interpolation

MC_GroupStop

Stop axis group motion

MC_GroupPause

Pause axis group motion

MC_AddAxisToGroup

Add axis to group

MC_RemoveAxisFromGroup

Remove axis from group

MC_PathAdd

Path addition

MC_PathMov

Path motion execution

MC_SetForwardLookingPara

Set forward-looking parameters

5.3.11 Electronic Ca

m Instructions

Instruction Description Comment
MC_Gearln Engage gear synchronization
MC_GearOut Disengage gear synchronization
MC_CombineAxes Dual-spindle gear synchronization
MC_Camin Engage cam profile
MC_CamOut Disengage cam profile
MC_GenerateCamTable Generate/update cam table
MC_Phasing Master axis phase offset
MC_GetCamTablePhase Get cam table phase value
MC_GetCamTableDistance Get cam table displacement
MC_GenerateTappet Generate/update tappet profile
MC_GetCamTable Get cam table data
MC_RotaryCut Rotary cutting
MC_ChasingCut Chasing cutting
MC_GetCamTableVelocityRatio Get cam table velocity ratio

5.3.12 EtherCAT Communication Instructions

Instruction Description Comment
E WriteParameter CoE Write CoE slave axis parameters
E ReadParameter CoE Read CoE slave axis parameters

5.3.13 Local High-Speed Counter Instructions

Instruction Description Comment
HC Preset Preset high-speed counter value
HC_Counter Enable high-speed counter

HC_TouchProbe

Enable high-speed counter touch
probe

HC_Compare

Configure high-speed counter
comparison

HC_ArrayCompare

Configure high-speed counter array
comparison

HC_StepCompare

Configure high-speed counter step

comparison

5.4 Smart Input and Tooltips

5.4.1 Engineering Example

MC_Power usage example (ST la

nguage):

MC_Power(Enable := bEnable, //
AXis := dAXis, // Axis number

Enable pin

Status => bStatus, // Axis enable flag

Busy => bBusy, // Busy flag

Error => dError, // Instruction error flag
ErrorlD => dErrorID); // Error code

5.4.2 Quick Input

After typing an instruction name, press the TAB key to auto-complete its parameters. If a parameter's default

value is "???", it must be explicitly assigned. Other parameters are optional based on requirements.
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MC_Jog(Enable:=??,
AXis:=??,
SpeedMode:=,
Forward:=??,
Backward:=??,
Velocity:=??,
Acceleration:=?7?,
Deceleration:=,
Jerk:=??,
Busy=>,
Aborted=>,
Error=>,
ErrorlD=>);

5.4.3 Mouse Hover Tooltips
Variables: Displays variable name, data type, and comment. FB/FC/Instructions: Displays function name,
function type (FB/FC), comment, input/output parameters, and parameter descriptions (name, type, comment).

5.5 Programming Language (LD)

Ladder Diagram (LD) is a graphical programming language with a structure resembling electrical circuits. It
consists of multiple networks (also called rungs), each starting with a vertical power rail (energy flow line) on the
left. A network comprises contacts, coils, function blocks (functions, function blocks, programs, execution blocks,
actions, methods), jumps, labels, and connecting wires.

Key elements in LD include contacts, coils, function blocks, branches, and comments. These elements are added
to networks through inserting, dragging, wiring, copying, and pasting operations to form execution logic.

LD supports online debugging for monitoring, writing values, forcing values, and breakpoints.

For detailed LD specifications, please refer to AutoSoft.chm. In AutoSoft's menu bar, select Help > Help Manual
to open the required manual.

5.6 Sequential Function Chart (SFC)

The SFC is an intuitive graphical programming language designed for process-oriented programming. All SFC
elements can be accessed via corresponding icons or menu items in the SFC toolbar and menu. Users can click
specific icons to insert desired elements and define their properties in the SFC element properties dialog. The SFC
toolbar and menu also provide shortcuts for adding connection lines, allowing users to establish connections between
SFC elements as needed. For detailed SFC specifications, refer to AutoSoft.chm. In AutoSoft's menu bar, select Help >
Help Manual to open the required manual.
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6 Extension Module Configuration
6.1 SH Local Right Extension Module Configuration

The SH controller can support up to 16 local extension modules. Access to these local extensions is implemented
through module configuration. The hardware configuration diagram for connecting local extension modules to the

SH is shown below.

X10 X20 X40 X50
Y30 Y50 Y70 Y100

338

The supported local extension module models are listed in the table below.

1/0 Module Module Description

SH-1600END 16-channel digital input module

SH-0800END 8-channel digital input module

SH-0016ETN 16-channel NPN digital output module

SH-0016ETP 16-channel PNP digital output module

SH-0808ETN 8-channel digital input module and 8-channel NPN digital output module
SH-0808ETP 8-channel digital input module and 8-channel PNP digital output module
SH-0008ETN 8-channel NPN digital output module

SH-0008ETP 8-channel PNP digital output module

SH-4AD 4-channel analog input module

SH-4DA 4-channel analog output module

SH-4PT 4-channel thermal resistance temperature detection input module
SH-4TC 4-channel thermocouple temperature detection input module
SH-2WT 2-channel input weighing module

6.1.1 Extension Module Auto-Scan

Module configuration provides two methods:

(1) Method 1: Manually configure each module one by one based on the actual connection order, as shown in
the figure below. (Note: The configuration order must match the actual connection sequence; otherwise, a
Special Module Error will be reported.)
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(2) Method 2: Right-click on "Extension Modules”, select "Auto-Scan”, and verify whether the scanned
modules match the actual connections. Then click "Update" to automatically add the scanned modules to
the configuration, as shown in the figure below:
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6.1.2 10 Module Configuration
Take SH-0808ETP/SHOO016ENT as examples:
1. Double-click "Extension Modules™ in the Project Manager area to enter the interface as below.
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2. Click the position number on the rail corresponding to the actual installation location of the extension
module, and double-click the module on the right or hold the left mouse button to drag the module onto the
rail to configure the extension module.
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When connected to the main module, the extension module’s X ports and Y ports are numbered sequentially
following the X and Y port numbering of the main module. For example: If the main module is a SH universal type
and a SH-0808ETP extension module is connected, the X ports start from X10-X16 and Y ports from Y10-Y16. If
a SHOO16ENT module is connected next, its output ports will be Y20-Y27 and Y30-Y37. Subsequent modules
follow this numbering pattern accordingly.

Note:

» Xand Y use octal numbering.

»  After adding an 10 extension module, the system automatically assigns addresses to X/Y ports, displayed in
order above the module. Manual address assignment is currently not supported.

10 Module Function Parameter Settings
Double-click the added module to configure parameters such as digital 1/0 input filter settings, output
configurations, and module version information, as shown in the figure below.
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SH-0016ETN O x
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Enter the starting address D100 in "Module ID" and click "Automatically assign address” for addresses
allocation.
® For input channels, set input filter time of 0ms~63.75ms.
For output channels, configure the output settings.
Output Hold: Set the ON/OFF of output channels.
Output Set Value: Determines the output channel states based on set values.
Offline Output Value: When the output mode is set to "Output Set Value," the output channels follow this
parameter.
After completing the above configurations, compile, download, and debug as shown in the figure below:
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6.1.3 4PT Module Configuration

Taking the first channel of SH-4PT as an example, connect a PT100 sensor to read its current temperature:
1. Double-click "Extension Modules" in the Project Manager area to enter the interface as below.

[ Autosoft - [CAUsers\vd15T\Documents\SH\SH.vpri] - o X

File(F) EditE) View(V) PLC(P) Debug(®) ToolM Window(W) Help(H)

BEERS 2 [i[fis]f=} A Tl icoh] il
v
Project Manager 2 x | [ MAND £ Extension Modules x v|| ModuleTree L3
1] INT_01 ~ ~

T SH-2AD1DA-I
T SH-2AD1DA-V
= Right Extension Modules
T SH-0008ETN
T SH-0008ETP
T SH-0016ETN
T SH-0016ETP
T SH-0B00END

{F] F8 Function Block
ion

ce table

&
Element browse table

T SH-1600END
T SH-0808ETN
T SH-0808ETP
T sH-4aD

T sH-8AD-I
T sH-8aD-v
T sH-4pA

T sH-8A-l
T sH-8DA-v
7

T sH-4TC

T sH-8TC

T sH-awr

AT\ Compile { Commmication Convertion 4 Find < 55

For help, press F1 [overwrite  [Re

2. Click the position number on the rail corresponding to the actual installation location of the extension
module, and double-click the module on the right or hold the left mouse button to drag the module onto the
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rail to configure the extension module, as shown in the figure below:
m AutoSoft - [C:\Users\wd 151\ Documents\SH\SH.vprj] - o x

File() Edit) View(V) PLC(P) Debug(D) ToollT) Window(W) Help(H)

[t HE glArEdud|TR TE R
v
Project Manager X [I1] MAIN" £ Extension Modules * x | ModuleTree >
[T INT_01 i il
[E] 78 Function Block Yo : T sH-2AD1DA- ‘
[F] FC Function 3 +.f] SH-2AD1DA-V
[E] Data Block - Right Extension Modules
System Block T sH-0008ETN
P ccrsion ol 1T sk oovaer
M T sH-0016ETN

T SH-0016ETP
T SH-0B00END
T SH-1600END
T sH-0808ETN
T sH-ososeTP

W Element monitoring table
[E] Element Memory Table
= Instruction Wizard

& Communicaf tion Config T sH-4AD
- COMO T sH-8aD-1
== COM1 T sH-8aD-v
- COM2 T sH-4DA
CAN T SH-8DA-I
4 EtherNet |
2 Axis Config ™
3 Axis Group Config ||| 1 =
& EtherCAT T sH-8TC
~# PLC Communica tion . R ¥ T sH-2wT
v N
‘Output Window o>
}gﬂﬂﬂ Compile Commmication Convertion Find T< >
o —

3. Double-click the added 4PT module to configure parameters such as temperature unit (D:C/“F), sampling
time, sensor type, and filter time.

SH-4PT [m] X
~
Module ID: INT(D,R, W, Var) Module Version: INT(D,R,W, Var) Module Error Status: INT(D,R,W,Var) '
[
Cold end temperature 0: INT(D,R,W,Var) Cold end temperature 1: INT(D,R,W,Var) [
Automatically assign address |
Basic Configuration
Temperature Unit: (@) Celsius degree{ °C) (O Fahrenheit degree({ =F )
Sampling Time: (O 250ms (®) 500ms (O 1000ms
‘Channel 0
Enable [CJover limit detection Temperature Value: REAL(D,R, W, Var)
[ Temperature offset []sensor disconnection detection
Sensor type: Fittering time:
FT100 v 55 ~
Lower temperature limit: Upper temperature limit: Offeet value:
(-150.0-600.0) 600.0 (-150.0-600.0) (-204.3-204.7)
(Channel 1
Enable [Jover limit detection Temperature Value: REAL(D,R, W, Var)
[ Temperature offset [ sensor disconnection detection
Sensor type: Filtering time:
PT100 ~ 55 v "

Channel Parameters Description
® Module Information: Module 1D, module version, module error status.

® Basic Configuration: Temperature unit (<C/<F), sampling time (default to 500ms).

® Channel Enable: Enabled by default. When enabled, channel signals are detected.

® Temperature Offset: When enabled, the measured temperature value + offset value is displayed as the final
value. Disabled by default.

® Limit Detection: When enabled, an alarm is triggered if the temperature exceeds the upper limit or drops
below the lower limit.

® Sensor Disconnection Detection: When enabled, an alarm is triggered if the sensor disconnection is
detected.

® Sensor Type: PT100, PT500, PT1000, CU50, CU100, KTY84, NTC-5K, NTC-10K, etc.

®  Filter Time: Default to 5s.

® Temperature Value: Current filtered temperature value.

® Quick Address Assignment: Enter a register address (e.g., D100) to "Module ID" and click "Automatically
assign address” to allocate addresses for all channels.

4. After configuration, compile, download, and monitor. The D103 register displays the current sensor

temperature value, as shown in the figure below:
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SHAPT o ox
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6.1.4 4TC Module Configuration

Taking the first channel of SH-4TC as an example, connect a K-type sensor to read its current temperature:
1. Double-click "Extension Modules" in the Project Manager area to enter the interface as below.

[0 AutoSoft - [C:\Users\v4151\Documents\SH\SHvpri] - o X
File(F) Edit(E) View(V} PLC(P} Debug(D} Tool(T) Window(W) Help(H)
REBD IR T EE T
¥ | | (L4t 474 T ik st 4] | \
Project Manager ® % | [ MAN {} Extension Modules * x | || Module Tree 7 x
[T] INT 01 " &
~{F] FB Function Block % T SH-2AD1DA-| -
[F] FC Function L T SH-2ADIDA-V
[E] Data Block = & Right Extension Modules
System Block -7 SH-000BETN
- T svaoceere
1R E-CAM T SH-0016ETN
ross reference table -] SH-0016ETP
lement browse table T SH-0800END
B Element monitoring table T SH-1600END
[Z] Element Memory Table T SH-080BETN
= Instruction Wizard - SH-0808ETP
- Communication Config T sH-4AD
- COMO T sH-8aD
- COM1 ] SH-BAD-V
-2 COM2 I sH-4DA
CAN T SH-8DA-I
Wl EtherNet T SH-8DA-V
2 Axis Config T SH-4PT
-3 Axis Group Config m
&y EtherCAT T sH-aTC
~&t PLC Communication . - - sH-2wT
v v
Output Window 2 x
1] 4] »] »] %, Compile Communication Convertion Find < >
For help, press F1 [ [ [ [ [ [overwrite  [Row

2. Click the position number on the rail corresponding to the actual installation location of the extension
module, and double-click the module on the right or hold the left mouse button to drag the module onto the
rail to configure the extension module.

5 AutoSoft - [C:\Users\v4151\Documents\SH\SH.vprj] - o X
File(F) Edit(E) View(v) PLC(P) Debug(D) Tool(T) Window(W) Help(H)
BEEB | EIETY IEEEESERITIEE] e E
¥ | \ (L1 F 4] ek 4o st £ | \
Project Manager 2 x i MAIN 3 Extension Modules* x | || Module Tree 2 x
[0 INT.01 ~ 0 ~
[F] FB Function Block T SH-2AD1DA-| ~
[F] FC Function T sH-2AD1DA-V
[E] Data Block £ Right Extension Modules
=] System Block T SH-0008ETN
o 7 swccose
A E-CAM T sH-0016ETN
Cross reference table T SH-0016ETP
2 Element browse table T SH-0800END
M Element monitoring table T SH-1600END
[Z] Element Memory Table " sH-0808ETN
= Instruction Wizard T sH-0808ETP
" Communication Config T sH-4aD
- COMO T sH-8AD-I
& COM1 T sH-8aD-v
- COM2 T sH-4DA
& can T sH-e0A-l
i EtherNet T SH-8DA-V
2 Axis Config N T sH-4pT
5 Axds Group Config ~N
&4 EtherCAT T sHaTC
~# PLC Communication . R ¥ T sH-2wT
v v
‘Output Window T x
] 4] ]+ Compile Commnication Convertion Find T< >
For help, press F1 [ [ [ [ [ [overwite  [Row

3. Double-click the added 4TC module to configure parameters such as temperature unit (<T/<¥F), sampling
time, sensor type, and filter time.
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SH-4TC

Module ID: INT(D,R,W,Var)

Module Version: INT(D,R,W,Var)

Module Error Status: INT(D,R, W, Var)

()

Cold end temperature 0: INT(D,R W, Var)

Cold end temperature 1: INT(D,R,W,Var)

Basic Configuration
Temperature Unit:
sampling Time:
Channel 0

[~ Enable

[ Temperature offset
Sensor type:

K -

Lower temperature limit:

-100.0 {-100.0-1200.0)

Channel 1

[“lEnable
[remperature offset
Sensor type:

K v

(®) Celsius degree( °C)
(@ 250ms () s00ms

[] over limit detection
[ sensor disconnection detection
Filtering time:

N ~

Upper temperature limit:

1200.0 {-100.0-1200.0)

[ Over limit detection
[ sensor disconnection detection
Filtering time:

1s ~

Automatically assign address

(0 Fahrenheit degree( °F )
) 1000ms

Temperature Vialue: REAL (DR, W Var)

Offset value:

(0452047

Temperature Value: REAL(D R W, Var)

X

-102 -




Extension Module Configuration SH100/300/SH500 PLC Programming and Application Manual

Channel Parameters Description

&

Module Information: Module 1D, module version, module error status, and cold spot temperature.

Basic Configuration: Temperature unit (<C/F), sampling time (default to 250ms).

Channel Enable: Enabled by default. When enabled, channel signals are detected.

Temperature Offset: When enabled, the measured temperature value + offset value is displayed as the final
value. Disabled by default.

Limit Detection: When enabled, an alarm is triggered if the temperature exceeds the upper limit or drops
below the lower limit.

Sensor Disconnection Detection: When enabled, an alarm is triggered if the sensor disconnection is
detected.

Sensor Type: K, J, E, B, N, R, S, T-type.

Filter Time: Default to 5s.

Temperature Value: Current filtered temperature value.

Quick Address Assignment: Enter a register address (e.g., D100) to "Module ID" and click "Automatically
assign address" to allocate addresses for all channels.

After configuration, compile, download, and monitor. The R105 register displays the current sensor
temperature value, as shown below.

S
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6.1.5 4AD Module Configuration

Taking the first channel of SH-4AD as an example, with a port input voltage of 5V, to read the analog-to-digital
converted value:

1.

2.

Double-click "Extension Modules" in the Project Manager area to enter the interface as below.

5 AutoSoft - [C:\Users\v4151\Documents\SH\SH.vprj] - o X
File®) EditB) View(V) PLC(P) Debug(D) ToolD Window(wy Help(H)
BBERA®H 2 5115} {=) | E 4N TE tEE
v
Project Manager 2 x| [MMAN{ Extension Modules™ x | Module Tree 2 x
(1] INT01 2
{F] F8 Function Block 10 T SH-2AD1DA-I ~
{F] FC Function T SH-2AD1DA-V
[Z] Data Block =+ Right Extension Modules
System Block 7T SH-0008ETN
7T SH-0008ETP
T SH-0016ETN
T SH-0016ETP
7T SH-0800END
T SH-1600END
7T SH-0B0BETN
7T SH-080BETP

TEEE

T SH-8AD-1

T sH-8AD-V
T sH-4DA
T SH-8DA1
T SH-8DAV
T sH-2pT
T sH-4TC
T sH-81C
T sH-2wt

i ]
]
er
v
Lﬂﬂﬂ commile { Commieation { Cemeriion 7 il T<

For help, press F1 Overwite__ [Row

Click the position number on the rail corresponding to the actual installation location of the extension
module, and double-click the module on the right or hold the left mouse button to drag the module onto the
rail to configure the extension module.
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[T AutoSoft - [CAUsersiv415T\Documents\SH\SHvprj] o X
File(F) Edit(E) View(V) PLC(P) Debug(D) Tool(T) Window(W) Help(H)
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T SH-0016ETN
-7 SH-0016ETP
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T SH-1600END
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T SH-0808ETP
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a
[E] Element Memaory Table
= Instruction Wizard

A" Communica tion Config .
et COMO T SH-8AD-1
= COM1 T SH-8AD-V
- COM2 T sH-4DA
CAN T SH-8DA-1
W EtherNet -7 SH-8DA-V
-2 Config T SH-4T
- Axis Group Config T sH-4TC
& EtherCAT T sH-8TC
s PLC Communication . = T SH-2wT
v v
Output Window 2 x
[T 3T Compile Communication Convertion Find T< >
For help, press F1 |Overwrite Row

3. Double-click the added 4AD module to configure parameters such as input mode, filter settings, and
conversion range, as shown in the figure below.

SH-4AD a *
Module ID: INT(D,R, W, Var) Module Error Status: INT(D,R, W, Var) 2
\ |
Module Version: INT(D,R,W,Var)

I | Automatically assign address
Channel 0

[1Enable

Conversion mode: Filter parameter:

-10V~ 10V ~ 8 ~

Digital output range: Sampled Data: INT(D,R, W, Var)

(®) -20000~20000 (0)-32000~32000

Channel 1

[“1Enable

Conversion mode: Filter parameter:

10V~ 10V ~ 8 ~

Digital output range: Sampled Data: INT(D,R, W, Var)

(®) -20000~20000 () -32000~32000

Channel 2

[“]Enable

Conversion mode: Filter parameter:

10V~ 10V ~ 8 ~

Digital output range: Sampled Data: INT(D,R, W, Var)
(®)-20000~20000 () -32000~32000 [ | .

Channel Parameters Description

® Module Information: Module ID, module version, and module error status.

® Channel Enable: Enabled by default. When enabled, channel signals are detected.
® Filter Time: Default to 8 (adjustable range: 0~255).

® Input Mode: Three modes available.

Input Mode Output Range

-10vV~10V -20000~20000 or -32000~32000

-20mA~20mA -20000~20000 or -32000~32000
4mA~20mA -20000~20000 or -32000~32000

Sampled Data: Current filtered digital value converted from the analog input.

DO Range: Analog input values are converted to digital values within -20000~20000 or -32000~32000.
After configuration, compile, download, and monitor. W103=9989 displays the converted analog value, as
shown in the figure below: This is shown in the figure below:

~e00
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6.1.6 4DA Module Configuration

Taking the first channel of SH-4DA as an example, set the mode value to read the analog-to-digital converted

value;

1. Double-click "Extension Modules" in the Project Manager area to enter the interface as below.

D) AutoSoft - [CAUsers\vd15T\Documents\SH\SHavpril

FileF) EJIE) View(V) PLCP) DebugD) Tool Window(w) HelpfH)

AELY

L]

o]

- o x

BERE 2 BB D
+
Project Manager Bx M mAN O Daension Modules x

(1] INT_01
F] FB Function Block

= %" Communicatian Config
- como
- COM1
- COM2
(& can
i EtheriNet

T sH-2AD1DA-I

T sH-2aD108-v
& [ Right Extension Modules

M 5H-0008ETN

T sH-0008ETP

T sH-0016ETN

T sH-oo16ETR

1 SH-0B00END

T SH-1600END

T sH-080BETN

1 sH-080BETP

T sH-aap

o sHeaan

M sH-saD-v

1

T sH-8DA-1

T sH-a0AY

M SH-apT

M sH-atc

o sHatc

M sH-2wT

ax

B

Far helo. press F1

2. Click the position number on the rail corresponding to the actual installation
module, and double-click the module on the right or hold the left mouse button to drag the module onto the

rail to configure the extension module. This is shown in the figure below:

2 AutoSoft - [C:\Users\vé151\Documents\SH\SH.vpr]
File() EGME) ViewV) PLC(P) Debug(D) ToolT) Window(W) Help(H)

BEBERS o 2 oo|

3 x MAIN" O Extension Modules * x

| Module Tree 9 x

m
X0
Y0

& can
#h EtherNet
Q@ Asis Config

Auis Group Canfig
& EtherCAT
&= PLC Communication

Output Window.

[

¥ SH-2AD1DA- -

1 SH-24D1DA-V
[ Right Extension Modules

¥ SH-0008ETN

1 sH-0008ETP

1 SH-0016ETN

T sH-0016ETP

T SH-0800END

1 SH-1600END

T SH-0808ETN

¥ sH-0808ETP

¥ sH-4aD

o sHaad

T sH-84D-V

1

T sH-80a-l

T sHsoav

T sH-4pT

T sHa1C

1 shstc

T sHawT

W3] 00\ Compile [ Commmication Comvertion A Find

For help, peess F1

3. Double-click the added 4DA module to configure parameters such as output mode, filter settings, and

conversion range, as shown in the figure below.
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SH-4DA o X

Module ID: INT(D,R W, Var) Module Error Status: INT(D R, W, Var)

Module Version: INT(D,R,W,Var)

Automatically assign address
Channel 0
Conversion mode: Enable
_10ve10v v Output Value: INT(D,R W, Var)

Digital output range:

@ -20000~20000 O-32000~32000

Stop output status:

® Outputreset O output hold O output presets
Analog Value: Digital Value:
0.000000 v - 0

Channel 1

Conversion mode: Enable
-10V~10V ~ Qutput Value: INT(D,R,W,Var)
Digital output range:

® -20000~20000 O -32000~32000

Stop output status:

@ Output reset O Output hold O Output presets
Anzlog Value: Digita Value:

0.000000 v = 0

Channel Parameters Description

® Module Information: Module ID, module version, and module error status.
® Channel Enable: Enabled by default. When enabled, channel signals are detected.
® Conversion Mode: Supports voltage and current output.
Output Mode Range
-10V~10V -20000~20000 or -32000~32000
-20mA~20mA -20000~20000 or -32000~32000
4mA~20mA -20000~20000 or -32000~32000
® Output Mode on Stop: When the host stops or a module error occurs, the output ports can be configured
with three stop modes:
® Zero Output: Output is set to 0.
® Hold Output: Output retains the last value.
® Preset Output: Output follows a predefined value.
4.  After configuration, compile, download, and monitor. Setting D3=10000 will output 5V on Channel 1, as

shown below.
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6.2 SH Local Left Extension Module Configuration

6.2.1 SH Extension Hardware Configuration

The connection diagram for the left extension modules is shown below.
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6.2.2 SH Left Extension Supported Types

The SH series controller can be extended with up to 1 extension. There are 11 types of extension available, each
supporting different functions, as detailed in the table below.

No. Model Specification
1 SH-RS485 2>RS485
2 SH-RS485-RTC 2>RS485+real-time clock
3 SH-4DI 4-channel digital input
4 SH-4DI-RTC 4-channel digital input+real-time clock
5 SH-4DO-TN 4-channel drain type digital output
6 SH-4DO-TN-RTC 4-channel drain type digital output+real-time clock
7 SH-2AD1DA-I 2-channel analog input, 1-channel analog output, current mode
8 SH-2AD1DA-I-RTC | 2-channel analog input, 1-channel analog output (current mode) +
real-time clock
9 SH-2AD1DA-V 2-channel analog input, 1-channel analog output, voltage mode
10 SH-2AD1DA-V-RTC | 2-channel analog input, 1-channel analog output (voltage mode) +
real-time clock
11 SH-RTC Real-time clock

6.2.3 Left Extension Auto-Scan

There are two methods for configuring extensions:

(1) Method 1: Configure manually based on the actual physical connection order of modules, as shown in the
figure below. (Note: The configuration order must match the actual connection sequence; otherwise, a

module error will be reporte

[0 AutoSoft - [C:\Users\vd15T\Docume:
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~

- Left Extension Modules
T SH-4DI-RTC
1
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M sH-RTC
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[ Right Extension Modules
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™ SH-0016ETN
T sH-0016ETP
™ SH-0800END

T SH-1600END
T SH-0808ETN
1 SH-0808ETP
T SH-4AD

[WT<T3To,_compile

Commmication

<

For help, press F1

Row

Overwrite

(2) Method 2: Right-click on "Extension Modules™, select "Auto-Scan”, and verify whether the scanned
modules match the actual connections. Then click "Update™ to automatically add the scanned modules to

the configuration, as shown

H

in the figure below:

[0 AutoSoft - [C:\Users\va151\Documents\SH\SH.vpril

File(F) Edit(E) View() PLC(P) Debug(D) Tool(T) Window(W) Help(H)

B @ HE A
v
Project Manager 2 x M MAIN." 3 Extension Modules x
~{I] INT_01 0
[F] FB Function Block To
[F] FC Function
~{=] Data Block
System Block
o Mod
A E-CAM Open(0)

ZE: Elemen
-BM Element monitoring table
[Z] Element Memory Table
= Instruction Wizard
" Communication Config
- COMO
=t COM1
=g COM2
CAN
¥ EtherNet
~{@ Axis Config
3 Axis Group Config
&4 EtherCAT
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6.2.4 Extension Configuration Example

Using the SH-4DO-RTC module as an example:

(1) After installing the extension, right-click "Extension Modules" under Project Manager in the software and
select the "Auto-Scan” to scan and identify extension modules.

5 AutoSoft - [CAUsersiv415T\Documents\sH\SHvpril
|| File(F) Edit(E) View(V) PLC(P) Debug(D) Tool(T) Window(W) Help(H)
EEEE R IS PR IS
. v \ L1+ Tt ok [t it
i Project Manager 2 x ] Mmry/g Extension Modules xl
INT_01
{F] FB Function Block Y0
~{F] FC Function
[Z] Data Block
System Block
- o Mod

Open(0)

Auto Scan(s)

lement monitoring table
[Z] Element Memory Table
= Instruction Wizard

& Communication Config

= COMO

- COM1
- coM2
CAN

- EtherNet
£2 Axs Config
& Axis Group Config

v omox o= oa oo

% EtherCAT

(2) Click "Update Configuratiozn" to automatically add the scanned module to the hardware configuration, as
shown in the figure below.

5 AutoSoft - [C\Users\ud1 51\Documents\SH\SHvpril - o x

File(F) Edit(E) View(v) PLC(P) Debug(D) Toel(M Window(W) Help(H)
PERS | ) EEEESERTEE Tt B
¥/ \ [[1F [t b ] dst i \ |
Project Manager % ] MAIN 3 Extension Modules* x | || Module Tree 2%
[T INT_01 ~
[F] FB Function Block [ Left Extension Medules "
[F] FC Function ™ SH-4DI-RTC
[] Data Block n
System Block T SH-RS485-RTC
sion T SH-RTC

™ SH-2AD1DA-I-RTC
- SH-2AD1DA-V-RTC
T sH-4D1
- SH-4DO
T SH-Rs48s5
~ T SH-2AD1DA-I
T sH-2aD1DA-V

[ Right Extension Modules
T sH-0008ETN
T SH-0008ETP
T SH-0016ETN
M EtherNet T SH-0016ETP
2 Axis Config - SH-0B0OEND
i3 Axis Group Config ™ SH-1600END
e - SH-080BETN
s PLC Communication . N v 7 sH-0808ETP
v .M SH-4AD v
‘Qutput Window . x
[} I3]0 _compite [ commisarion Comvertion £ Fisd I< >

For help, press F1 Overwrite  [Row

(3) Double-click the added extension to assign addresses, such as Y, M, or custom variables. (Note: Avoid
address conflicts with the main unit or right extension modules.) Here, the Y port output addresses are
mapped to Y30~Y33, as shown below:
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: Iﬂl IVl 3.—' Tl EAVCIEINIT IVIWEHITS X |

X0
YO SH-4DO-RTC O ®

Mapping Address 1: BOOL{Y M, Var)

[vs0 |

F

=
=]
E
-
o
i
=
0

N ELUIE]

Mapping Address 2: BOOL{Y M, Var)

Y31 |

W3

Mapping Address 3: BOOL(Y M, Var)

Y32 |

Mapping Address 4: BOOL{Y M, Var)

b |¥33 |

Automatically assign address

QK

(4) After completing the configuration, compile, download, and invoke the program. When M10 is turned ON,
Y30 outputs, as illustrated below:

M man x]

ER

nio T30
Nz (-

Mll T3l
N ————— (. >

mz 732
ne —— (-

Mz T33
N —— -
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Extension Type Descriptions

(1) SH-RS485 Extension: The SH supports 2>xRS-485, compatible with Freeport protocol, Modbus RTU, and

(2) SH-RTC Extension: The SH series supports extending 1>RTC. The clock values can be modified via clock
instructions. No configuration is required; the extension is automatically recognized by the software. The

Year Month Day Hour Minute Second Week
SD60 SD61 SD62 SD63 SD64 SD65 SD66
1. Quick clock calibration: When the PC is connected to the PLC, navigate to the menu bar: PLC — PLC
Clock — Get Current Clock — Set PLC Clock, as shown below.
[ AutoSoft - [C:\Users\vd151\Documents\SH\SH.vprj]
| 1:“: B ‘:VW'”" L e N "" ”‘FI oe ~ a8
(3) Analog Extension
1. The SH controller supports 1-channel left analog extension (SH-2AD1DA-I, SH-2AD1DA-V, or an
integrated RTC module). Users can select based on requirements. Double-click the added module, and
configure parameters such as conversion mode, filter parameters, and analog-to-digital conversion range
for the channels in the pop-up window, as shown below:
=
File(F) Edit(E) View(V) PLC(P) Debug(D) Tool(T} Window(W) Help(H) 75H.2AD1DA-V-RTC [m] |
BER tr| o @ E[E Ao
> | [“Enable
Ee— m e m VAN G Extendon Mn: Conversion mode: Filter parameter:
= oI SH(SHS24) ~ e 8 V T
&[] Global Variable Digital output range: Sampled Data: TNT(D,R,W,Var) —
-[E] System Variable (®)-20000~20000 () -32000~32000 Do
[0 Mekods D1
L aster
(5 e
[5] Element Comment Conversion mode: Filter parameter:
..... [F] Struct ~10V~10V ~ 8 ~
----- [E] Function Block Data Digital output range: Sampled Data: INT(D,R, W, Var)
=] El Variable Table (®) -20000~20000 () -32000~32000 D1
...... ] var_1
0% Program Block DAQ
M maIN [Enable
""" [5] ser_01 Conversion mode: Output Value: INT(D,R, W, Var) les
[T INT 01 e i D2
~[F] FB Function Block
F] FE Function Digital output range:
[E] Data Black (®) -20000~20000 () -32000~32000
[ System Block Stop output status:
o] @) Output reset O Cutputhold O Outputpresets
R E-CAM Analog value: Digital Value:
~£E Cross reference table . A o _ B
22 Element browse table Y L
Output Window
Conmmicalio peage Automatically assign address oK _
W2004 Abnormal communication, please check the communication port
(W2004 Abnormal communication, please check the communication port
6.3 SH-RTU-ETC Coupler

The SH-RTU-ETC coupler can support up to 16 local extension modules. Access to these local extensions is
implemented through module configuration. The hardware configuration diagram for connecting local extension
modules to the SH is shown below.

N:N protocol. The communication port configuration is as follows:

No. Extension Channel Software Port
Configuration
1 1A\1B- COM1
2 2A\2B- COM2

relevant SD special registers are as follows:

The supported local extension module models are listed in the table below.
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I/0 Module Description

SH-1600END 16-channel digital input module

SH-0800END 8-channel digital input module

SH-0016ETN 16-channel NPN digital output module

SH-0016ETP 16-channel PNP digital output module

SH-0808ETN 8-channel digital input module and 8-channel NPN digital
output module

SH-0808ETP 8-channel digital input module and 8-channel PNP digital
output module

SH-0008ETN 8-channel NPN digital output module

SH-0008ETP 8-channel PNP digital output module

SH-4AD 4-channel analog input module

SH-4DA 4-channel analog output module

SH-4PT 4-channel thermal resistance temperature detection input
module

SH-4TC 4-channel thermocouple temperature detection input module

SH-2WT 2-channel input weighing module

6.3.1 Module Auto-Scan Configuration
Module configuration provides two methods:

(1) Method 1: Manually configure each module one by one based on the actual connection order, as shown in the
figure below. (Note: The configuration order must match the actual connection sequence; otherwise, the coupler
will trigger an alarm.)

1. In Project Manager area, double-click EtherCAT — check Enable for “Enable Control” to activate
EtherCAT, as shown in the figure below.

File(f) Edt(E) View(V) PLC(P) Debug(D) Tool{T) Window(W) Help(H)

BR L] =2 [SIJ5] A E LT E o]
Project Manager 2 x [M] MAIN } Extension Modules* x >l
INT.01
1] N 0
[F] F& Function Black To
[F] FC Function Setting X
Name: EtherCAT Master —
-
% Enable Control: ODisable @ Enable
- ing table CydeTme: | 1000 s
[5] Element Memory Table
= instruction wizard {8 | omeme %
=& Communication Config [ Savem: 0]
= COMO H
i Cusetrw
e COMI
- COM2 E [ Allow mismatched number of slave stations
AN
bmmms  [configure the slave station separately
M EtherNet
£ Axis Config [ keep comected {not checking for disconnections)
[ Automatically restart the siave staton

2. Right-click EtherCAT — Add Device — select SH-RTU-ETC and double-click to add it to the network,
as shown in the figure below.

IeeEs x| M maN x
=1 1234(VH523)
o W BeadVelocie
(] 528 nsble 7 .
02 55 RothaisSpand| I
F] Falies InterpSpeed [~ HEAHES
[F] Fe@iz Validl- R
SE:-3
ey EtherCAT FEINER
O yRERES HERERS: RS
@ eron 5 EtherCAT Duvices © EtharChT Mater
= it
C300_ECKT VL. 1
0310 ECAT V1.0
SDI00_ECAT V1. 2.6 @
SD710_BCKT V1. 2.6
©)
MERIV-ECT_L0.0 =
WE-RTU-ECT 1,001
() Suzhon Vedohd Electrio Co., Ltd
@
1T
B
AR 2
BESFEEED) =amE

3. Double-click the added SH-RTU-ETC, select Slot Configuration in the pop-up window, and double-click
to add the required modules, as shown in the figure below.
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nm 3 3
[ H
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Note:

»  The physical positions of connected modules must align with the configuration order; otherwise, an alarm will

be generated.

(2) Method 2: In Project Manager area, double-click EtherCAT — Enable to activate EtherCAT. After completion,
download the project, as shown in the figure below.

File(F) Edm(E) View(v) PLC(P) Debug(D) Tool(T) Window(W) Help(H)

BBER o e HE Gl FrEdH TR js!
v

>roject Manager 3 x [ MAIN" £} Extension Modules* x ~|
LD INT.01
[Flr8 Function Block 0 :

0

[F] EC Function Setting
[E] Data Block
= System Block Rouine
£} Extension Modules Name: EtherCAT Master e

R E-CAM
ss reference table

ement browse table

ement monitoring table

Device Name: |SH524

Ensble Control: (O)Disable @ Enable

Cyde Time: 1000 v us

[E] Element Memory Table
" Communication Config . Seveoms 0 ]

= COMO ;
H ¥ [use Lrw
L4 COM1 [
i COM2 i . ] Allow mismatched number of siave stations

CAN I

H Ether Lo—=i  [configure the slave station separately
H therNet
L2 Axis Config [JKeep connected {not checking for disconnections)
;@ Axis Group Config [ Automaticaly restart the siave station
PR v CAT]

v

=# PLC Communication
< >

1. Right-click and select the Auto-Scan. Verify whether the scanned modules match the physical connections, then
click Update Configuration to automatically add the scanned modules to the configuration, as shown in the
figure below. |

13m0

-8 Element monitoring table
--[Z] Element Memory Table

-= Instruction Wizard

P

=4 Communication Config
=g COMO
=g COM1
=g COM2
& can
W EtherNet (s ]
2 Axis Config anolfs]
{3 Axis Group Config . ]

=u PLC1 Open(@) L

Auto Scan(S) v

utput Window Add Device(a)
V2004 Abnorr
V2004 Abnorr

¥3004  Ahnon

ck the communication po
ck the communication po
rk the communication no

Delete All Device(D)

Note:

» To use the ECAT auto-scan function, ensure the XML files of the slave devices are correctly imported first.
Then, check the Enable to confirm the PLC’s current running program has EtherCAT configuration enabled. If
Enable Control is disabled, the auto-scan function cannot be used.

6.3.2 10 Module Configuration Example

Using SHOO16ENT as an example:

1. In Project Manager area, double-click EtherCAT and select Enable. After configuration, if the currently
running PLC project does not have this function activated, download the project once, as shown in the
figure below.
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File(F) Edm(E) View(V) PLC(P) Debug(D) Tool(T) Window(W) Help(H)

BER o [ HE S AR LN TR &
Project Manager 3 x (] MAIN." {3 Extension Modules * x ~|
LI INT 01 ~ o ”
[F] F8 Function Block 0
[F] EC Function Setting X
[E] Data Block
System Block Rouine
£} Extension Modules Name: EtherCAT Master e
@ E-CAM
== e table Enable Control: () Disable (@) Enable
m Element manitaring table Cyde Time: 1000 us
[E] Element Memory Table
= nstructon Wizard OffetTine: * i
&' Communication Config " Savetom: 0]
i--= COMO -
: § e [Cuse trw
j-=t COM1 i
- COM2 i ] Allow mismatched number of siave stations

-F CAN |
i L---{  [Jconfigure the slave station separately
i EtherNet

[Ieep connected (not checking for disconnections)

[0 Automatically restart the slave station
= PLC Communication v

vlll< >

2. Right-click and select the Auto-Scan. Verify whether the scanned modules match the physical connections,
then click Update Configuration to automatically add the scanned modules to the configuration, as shown
in the figure below.

; Element monitoring table i 3 I h I
--|Z| Element Memaory Table S 4
-= Instruction Wizard i a IE g |
—-4¢" Communication Config H i
. COMO i
2 COM1 X
.t COM2 i
CAN :
- EtherNet s ]
-2 Axis Config onolfs]
3 Axis Group Config e
.g::c | - Open(0) =
[ s
utput Window Add Device(&)
¥2004 Abnorr [ ck the communication po
V2004 Abnorr Delete All Device(D) ck the communication po
uaNNg Ahnom rk the communicatinn no
3.  Double-click SH-RTU-ETC. In the pop-up window, configure parameters such as Process Data, Startup

Parameter, Slots Configuration, and 1/O Mapping, as shown in the figure below.

Pl Ay G 0 - VH-RTU-BET 101~

Fl FB_0z

Fl fa 03 BxinE & | EEmn

F| Foilm RAEE AR = 3l F®3 WEE #E = BERE
athied

wpmm Y

TR

'
Ci 1Y e TEDD Bapping parmaeter elBAD w00 ES EE 3
Ta status anm ol 1 wn
Furls T8 [T I 1 wn
7 A BrvuSelt TH0 Mgping puamster OelBAl 0N “ e 3
Bty e e i
Errarsles 0 o2 wim

Coupler Parameter Descriptions

® Basic Information: Displays device name, manufacturer name, ID, version, etc.

® General Setting: Supports SM or DC synchronous mode. (Recommended to keep default.)

® Process Data: Configures extended I/0O modules for BOOL operations or word operations, and reads the
communication status and error information of the SH-RTU-ETC coupler.

®  Startup Parameter: Initializes module parameters. (Recommended to keep default.)

® Slots Configuration: Supports 16 slot positions. Modules can be added to slots by double-clicking. Ensure
the module configuration order matches physical connections.

® |/O Mapping: Binds module addresses to corresponding soft element addresses (supports D/R/W word

elements and X/Y/M/S bit elements). Right-click Auto-Fill on the starting address to quickly bind addresses,
as shown in the figure below.
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[] MAIN." £ 0 - VH-RTU-ECT 111+ x |

EFEE o

= El 753 ]
ENAE » 0] Cum00 a0 e
e
REn
@  emE

i VBus status 0xF100 001 Tt
I Fault ID 0xF100 002 Nt

i ErrorSeltl 0xF110 0201 UDIRT
5 ErrorSelt2 0xF110 002 IIRT

4. Double-click the added module to configure the digital 1/O mode as needed, as shown below:

F] .r_clzi;a_” VH-0016ETN_1 o x
[Fl Fc.01 - gy ~
Fl Fco2 ARG NI, R W, Var) BRIEES: NI R Y, Var) BRERIAT: DT (DR W, Ver)

B EL WE

A0 - BFE/EIHRESE
O Ot O O O Ot Qs Ofrig

st ORFE OvEE O¥EE O¥EE O%EE O#FE ©@xE ©&FEE
Bit0 Bitl Biez Bit3 Bies Bits Bits Bit7
- O Our O Our O Oon O Om
: @orF @orr @arF @orr @orr @orr Ol @arr
= COM2
CAN
#h EtherNet
- BEE
& Axist AR - BRSBTS
L Axis2 s Otz Or# O O O Ot Ot Oz
£ AxisO = ©REE  OfEE OfEE OnsEE ORfwE O%EE ©OfsE  ©iEE
& Axis3 Bit0 Bit Bitz 5it3 Bitd 55 Bit Bit7
3 wERE siE: Con QOor Oon Oor Oor Oon Oox Oor
-G EtherCAT / q @orr @ore @orr @orr @orr @orr @orr ®orr
-4} 0 - VH-RTU-ECT 1.1.1

[ e [VH-0016ETN.

- PLCER

5. After configuration, invoke the program, compile, download, and debug, as shown below:

Qe SIS )] > B @ T E
A
% T MAN x = o eowmRELILY x =8
- Erie =M g LI S L

J— 1 Berioe smtesl [ I )

- ™ 001G Digital sutpat CHO-bit0 o me

TR E HOOIETL Digitad sutga CHO-biet [N

" OO Digital sutpat CHO-bite o mes o

= EE " O0IGRTII Digital supat CH-bits B L

™ 00T Digital sutpat CHO-bitd o mes o

= e ¥H-00I6ETH_I Digiral supat CHO-BieE. CxI000 el Bai

s OO Digital sutpat CHO-bits [

w1 HOOIEETHY Digital sutput CHO-bied [

un HOOIEETHY Digital sutput CHi-bit) W e o

- come i OO Digital sutpat CHIbitt onm e, s

L oo te HOOIEETHY Digital sutput CHicbi2 [
A Ehortiat ra QOIS Digital sutpat CHi-bitd onm e s
Lo wen e HOOIEETY Digital sutput CHi-bind L
& hoist s COOIEETIY Digital sutpat CHI-bits onm wer s

& nisz te HOIEETY Digital sutput CHi-bins 0 B 0L

ur OIS Digital sutpat CHI-bit? omw we s
i - oo b O
= Pult wnm e

B Brusidn orn b nT

o 11 " [ wre mee  wnr

£ VH-0016ETN 1 .
il -4 PLCER vlll € > < >

Note:

»  Configuration for other modules of the SH-RTU-ETC coupler follows the right extension modules; details are
not repeated here.

»  For details, please refer to the SH-RTU-ETC Coupler Manual.
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7.1 Overview

7 Serial Communication

The SH controller integrates a built-in serial communication interface supporting baud rates of 9600, 19200,
38400, 57600, and 115200 bps. The serial port configurations for SH series models are listed in the table below.

Model SH100 Series SH300 Series SH500 Series
/ SH301 SH311 SH511 SH522 SH523 SH524

Built-in Built-in Built-in Built-in Built-in Built-in Built-in
Serial | 1>xRS232 1>RS485 1>RS485 1>RS485 1>RS485 1>RS485 1>RS485
Port Built-in Expandable Expandable Expandable Expandable Expandable Expandable

1>RS485 2>RS485 2>RS485 2>RS485 2>RS485 2>RS485 2>RS485

7.1.1 Communication Protocol

Protocol Description

Free protocol

Enables unrestricted data transmission/reception using XMT/RCV instructions.

Standard Modbus-RTU master for reading/writing data from/to slave devices via
Modbus configuration.

Modbus-RTU master

Modbus-RTU slave Standard Modbus-RTU slave.

N:N protocol Proprietary protocol for the SH series, enabling data sharing between controllers.
7.1.2 Port Mapping
Host Software Communication SH100 Series SH300 Series SH500 Series
Channel
COMO 0* RS-232 port Built-in RS-485 port | Built-in RS-485 port
CoM1 1* RS-485 port Extension port Extension port
1A/1B 1A/1B
COM2 2* / Extension port Extension port
2A/2B 2A/2B
*: The first operand of the MODRW instruction specifies the communication channel.

7.1.3 Serial Port Transmission Medium

We recommend to use shielded twisted pairs on RS485 bus, and twisted paird on 485 +, 485-; The two ends of
the bus are respectively connected with 120 Q terminal resistors to prevent signal reflection; The reference ground
GND of all Node 485 signals is connected together, 31 nodes max, and the distance between branches of each node
should be within 3m.

Communication termination resistor DIP switch:

Located below the left extension interface.

ON: Resistor enabled (factory default: ON).

Switch configuration: 1 for RS485 communication; 2 for CAN communication.

-1, 2.

7.1.4 RS485 Serial Communication Networking
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RS485bus  / /
{

485+ - | -
4 i ' s
=== \ \ / e
AW A\ ] | AW ] treer:l@i@;g«lrl
g v L ) /] Y
| e o |
- 485+ 485~ GND 485+ 485~ GND
( “) DIP switch D_IP _switch.
Set terminal resistor via DIP 'Leru;-ml;ét;z‘n \m::gr
b switch at network
Master
VH Series Slave Shve

7.2 Freeport Communication

7.2.1 Freeport Protocol Configuration
1. Freeport Protocol is a user-defined communication method for custom data formats. It enables data
transmission and reception via dedicated instructions and supports both ASCII and binary formats. Freeport
communication is only available when the PLC is in RUN mode.
2. COMO0/COM1/COM2 support the Freeport Protocol. The associated instructions include XMT (transmit)
and RCV (receive).
3. Double-click "COM" in the left Project Manager area, then select "Freeport Protocol™ in the dialog box, as
shown below.
~[FIFB_02 COMO Config X
L[] FB 03
=-[F] FC Function
""" [El FC_01 (C)Program Port Protocol

...... =l Data Block Program port setting

- System Block i ®Freeport Profocol

------ £+ Extension Modules

...... A E-CAM N | Free port setting
=2 Cross reference table T Vodbus Protocol

Element browse table 2 I

H#-® Element monitoring table Modbus setting

t#-[El Element Memory Table

- Instruction Wizard

() M:N Protocol

N:N setting

R Arie Canfis

4. Config:ure the serial port settings and click "OK". The RCV and XMT instructions can then be used in the
user program for data transmission/reception.
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Freeport Protocol X
FLC serial port setting
Baud rate: Parity check:
9600 b Nane b
Data bit: Stop bit:
8 b 1 b
Valid byte:
Low byte valid ~

] Allow start character detection 0
[CJallow end character detection 0

|:| Intercharacter timeout 0 ms

4 A b4k [4K

[#] interframe timeout |EDD

Default Value Cancel

ms

Configurable Parameters
Item Setting Description
115200, 57600, 38400, 19200, 9600,

Baud rate 4800, 2400, 1200 (Default: 9600) )

Data bit 7 or 8 (Default: 8) -

Parity None/Odd/Even i
(Default: None)

Stop bit 1 or 2 (Default: 1) -

Data processing mode:

Low byte: Only the low byte is

Valid byte Low byte or High/Low bytes transmitted/received; high byte is discarded.
High/Low bytes: Both bytes are
transmitted/received.

Enable/Disable (Default: Disable) -

Allow start character

detection
Reception starts when the specified start
Start character AN character is detected. The character
detection 0~255 (hex: 00~FF) (including the start character) is stored in the
buffer.

AIIow_end character Enable/Disable (Default: Disable) -
detection

Reception stops when the specified end
0~255 (hex: 00~FF) character is detected. The end character is

stored in the buffer.
Enable/Disable (Default: Disable) -

Reception aborts if the interval between two
received characters exceeds the set time.

Enable/Disable (Default: Disable) -

Starts timing when RCV s activated and
communication conditions are met.
Reception aborts if the frame is not fully
received within the time period.

End character
detection

Allow Intercharacter
timeout

Intercharacter timeout | Oms~65535ms

Allow interframe
timeout

Interframe timeout 0ms~65535ms

7.2.2 Program Example
Example 1: Two PLC devices are configured with COMO in Freeport communication mode. COMO transmits 5
bytes of data and then receives 6 bytes. Valid byte: Low byte.
Transmit data: 55778899aa
Receive data: 3489cd446688
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{

Notes:

»  Before transmitting data, ensure the receiving device has RCV enabled.

»  XMT (transmit) and RCV (receive) instructions cannot be executed simultaneously. Use SM flags to implement
polling control for alternating transmission and reception.

> Retrieve received data promptly to avoid overwriting by subsequent frames.

7.3 Modbus Communication Protocol

7.3.1 Overview
The SH series PLC supports the Modbus-RTU protocol via serial ports, configurable as a master or slave.
Link Characteristics
1. Physical layer: RS232 or RS485.
2. Link layer: Asynchronous transmission.
® Data bit: 8 bits (RTU).
® Baud rate: 1200, 2400, 4800, 9600, 19200, 38400, 57600, 115200.
® Parity: Even, odd, or none.
® Stop bit: 1 or 2 bits.
3. Network: Up to 31 devices, with addresses ranging from 1 to 247. Broadcast is supported.
® RTU transmission mode.
® Data in hexadecimal format.
® Intercharacter interval must be <1.5 character times.
® No frame header/trailer; interframe interval must be >3.5 character times.

4. CRC16 error checking.
5. RTU frame structure (max. 256 bytes):
Frame Field Address Funcode Data CRC
Bytes 1 1 0~252 2

6. Intercharacter interval calculation:

® Example (19200 baud):
1.5 character times = (1/19200) <11 x<1.5 <1000 = 0.86 ms.
3.5 character times = (1/19200) <11 =< 3.5 <1000 = 2 ms.

7.3.2 Modbus Function Codes

(1) When the SH series PLC operates as a slave, it supports the following Modbus function codes: 01, 02, 03, 04, 05,
06, 15, 16.

Fu&gg&rpﬂigde Name Modbus Data Address Operable Element Type Description
01 Read coils 0Y: xxxx Y, X,M,SM,S, T,C Read bits
02 Read discrete 12): XXXX X Read bits

inputs
03 Read registers 49: xxxx¥ D,SD,Z,T,C,R Read
words
05 Xgirl'te asingle 0: 00XX Y, M, SM, S, T, C Write bit
06 Write a single 4: x3xX D,SD,Z T,C,R Write word
register
15 Write multiple 0: XXXX Y,M,SM,S, T,C Write
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coils multiple
bits
_ _ Write
16 Wr!te multiple 4 XXX D,SD,Z T,C,R multiple
registers
words

Note:

1) “0” for coil

2) “1” for discrete input

3) “4” for register

4) xxxx for logical address range: 1~9999 (protocol addresses start from 0). Each element type has an
independent logical address range (1~9999).

5) €07, “1”, “4” do not have physical significance and are not involved in actual addressing.

6) Do not use function code 05 or 15 to write to X elements. Writing to X elements will not trigger errors but
will be ignored by the system.

(2) Modbus Frame Format (Modbus-RTU)
i. Function Code: 0x01(01) (Read Coils)
Request frame format: slave address + 0x01 + coil start address + coil quantity + CRC parity.

No. Data Byte Bytes Description
1 Slave address 1 byte 1~247 (configured in communication settings)
2 0XO01 (function 1 byte Read coils
code)
3 Coil start address 2 bytes High byte first, low byte last.
4 Coil guantity 2 bytes High byte first, low byte last (N: Number of coils).
5 CRC parity 2 bytes High byte first, low byte last.
Response frame format: slave address + 0x01 + byte count + coil status + CRC parity.
No. Data Byte Bytes Description
1 Slave address 1 byte 1~247 (configured in communication settings)
2 0X01 (function 1 byte Read coils
code)
3 Byte count 1 byte Value: [(N/7)/8], where N is the number of coils read.
4 Coil status [(N/7)/8] Each byte represents 8 coils. Unused bits in the last
byte are padded with 0s. The least significant bit
(LSB) corresponds to the lowest address coil.
5 CRC parity 2 bytes High byte first, low byte last.

ii. Function Code: 0x02(02) (Read Coils)
Request frame format: slave address + 0x02 + coil start address + coil quantity + CRC parity.

No. Data Byte Bytes Description
1 Slave address 1 byte 1~247 (configured in communication settings)
2 0X02 (function 1 byte Read coils

code)

3 Coil start address 2 bytes High byte first, low byte last.

4 Coil quantity 2 bytes High byte first, low byte last (N: Number of coils).

5 CRC parity 2 bytes High byte first, low byte last.

Response frame format: slave address + 0x02 + byte count + coil status + CRC parity.

No. Data Byte Bytes Description
1 Slave address 1 byte 1~247 (configured in communication settings)
2 0X02 (function 1 byte Read coils

code)

3 Byte count 1 byte Value: [(N/7)/8], where N is the number of coils
read.

4 Coil status [(N/7)/8] Each byte represents 8 coils. Unused bits in the
last byte are padded with 0s. The least significant
bit (LSB) corresponds to the lowest address coil.

5 CRC parity 2 bytes High byte first, low byte last.

iii. Function Code: 0x03(03) (Read Registers)

Request frame format: slave address + 0x03 + register start address + register guantity + CRC parity.
No. Data Byte Bytes Description
1 Slave address 1 byte 1~247 (configured in communication settings)
2 0X03 (function 1 byte Read registers
code)
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3 Register start 2 bytes High byte first, low byte last.
address

4 Number of registers | 2 bytes High byte first, low byte last (N: Number of coils).

5 CRC parity 2 bytes High byte first, low byte last.

Response frame format: slave address + 0x03 + byte count + register value + CRC parity.

No. Data Byte Bytes Description

1 Slave address 1 byte 1~247 (configured in communication settings)

2 0X03 (function 1 byte Read registers

code)

3 Byte count 1 byte Value: N*2

4 Register value N*2 bytes Each register value is represented by two bytes, with the
high byte first and low byte last. Registers are arranged in
ascending address order.

5 CRC parity 2 bytes High byte first, low byte last.

iv. Function Code: 0x04(04) (Read Registers)

Request frame format: slave address + 0x04 + register start address + register quantity + CRC parity.

No. Data Byte Bytes Description
1 Slave address 1 byte 1~247 (configured in communication settings)
2 0X04 (function 1 byte Read registers
code)
3 Register start 2 bytes High byte first, low byte last.
address
4 Number of 2 bytes High byte first, low byte last (N: Number of cails).
registers
5 CRC parity 2 bytes High byte first, low byte last.
Response frame format: slave address + 0x04 + byte count + register value + CRC parity.
No. Data Byte Bytes Description
1 Slave address 1 byte 1~247 (configured in communication settings)
2 SE)(d%A)f (function 1 byte Read registers
3 Byte count 1 byte Value: N*2
Each register value is represented by two bytes, with the
4 Register value N*2 bytes high byte first and low byte last. Registers are arranged in
ascending address order.
5 CRC parity 2 bytes High byte first, low byte last.

v. Function Code: 0x05(05) (Write a Single Coil)
Request frame format: slave address + 0x05 + coil address + coil status + CRC parity.

No. Data Byte Bytes Description
1 Slave address 1 byte 1~247 (configured in communication settings)
2 0X05 (function 1 byte Write a single coil
code)
3 Coil address 2 bytes High byte first, low byte last.
4 Coil status 2 bytes The valid write values are 0xFF00 (ON, 1) or 0x0000
(OFF, 0), with the high byte first and low byte last.
5 CRC parity 2 bytes High byte first, low byte last.
Response frame format: slave address + 0x05 + coil address + coil status + CRC parity.
No. Data Byte Bytes Description
1 Slave address 1 byte 1~247 (configured in communication settings)
2 0X05 (function 1 byte Write a single coil
code)
3 Coil address 2 bytes High byte first, low byte last.
4 Coil status 2 bytes The valid value is OxFF0O, with the high byte first and low
byte last.
5 CRC parity 2 bytes High byte first, low byte last.

vi. Function Code: 0x06(06) (Write a Single Register)
Request frame format: slave address + 0x06 + register address + register value + CRC parity.

No. Data Byte Bytes Description
1 | Slave address 1 byte 1~247 (configured in communication settings)
2 | 0X06 (function 1 byte Write a single register
code)
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3 | Register address 2 bytes High byte first, low byte last.
4 | Register value 2 bytes High byte first, low byte last.
5 | CRC parity 2 bytes High byte first, low byte last.
Response frame format: slave address + 0x06 + register address + register value + CRC parity.
No. Data Byte Bytes Description
1 Slave address 1 byte 1~247 (configured in communication settings)
2 0X06 (function 1 byte Write a single register
code)
3 Register address 2 bytes High byte first, low byte last.
4 Register value 2 bytes High byte first, low byte last.
5 CRC parity 2 bytes High byte first, low byte last.

vii. Function Code: 0x0F(15) (Write Multiple Coils)
Request frame format: slave address + 0xOF(15) + coil start address + coil quantity + byte count + coil status +
CRC parity.

No. Data Byte Bytes Description
1 Slave address 1 byte 1~247 (configured in communication settings)
2 0XOF (function 1 byte Write multiple single coils
code)

3 Coil start address 2 bytes High byte first, low byte last.

4 Coil quantity 2 bytes High byte first, low byte last (N: Number of
coils).

5 Byte count 1 byte Value: [(N/7)/8], where N is the number of write.

6 Coil status [(N/7)/8] Each byte represents 8 coils. Unused bits in the
last byte are padded with 0s. The least significant
bit (LSB) corresponds to the lowest address coil.

7 CRC parity 2 bytes High byte first, low byte last.

Response frame format: slave address + OXOF(15) + coil start address + coil quantity + CRC parity.
No. Data Byte Bytes Description
1 Slave address 1 byte 1~247 (configured in communication settings)
2 0XOF (function 1 byte Write multiple single coils
code)

3 Coil start address 2 bytes High byte first, low byte last.

4 Coil quantity 2 bytes High byte first, low byte last.

5 CRC parity 2 bytes High byte first, low byte last.

viii. Function Code: 0x10(16) (Write Multiple Registers)
Request frame format: slave address + 0x10(16) + register start address + register quantity + byte count + register
value + CRC parity.

No. Data Byte Bytes Description
1 Slave address 1 byte 1~247 (configured in communication settings)
2 0X10 (function 1 byte Write multiple registers
code)
3 Register start 2 bytes High byte first, low byte last.
address
4 Number of 2 bytes High byte first, low byte last (N: Number of coils).
registers
5 Byte count 1 byte Value: [(N/7)/8], where N is the number of write.
6 Register value N*2 or (N*4)
7 CRC parity 2 bytes High byte first, low byte last.

Response frame format: slave address + 0x10 + register start address + register quantity + CRC parity.
ix. Error Response Frame 0
Error response format: slave address + (function code + 0x80) + error code + CRC parity.

No. Data Byte Bytes Description
1 Slave address 1 byte 1~247 (configured in communication settings)
2 0>80+ function 1 byte Error function code**
code
3 Error code 1 byte
4 CRC parity 2 bytes High byte first, low byte last.
Note: Error function code** = Requested function code +0x80.
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Notes:

1. Only soft elements of the same type can be read in a single frame. For example, users cannot combine X

and Y elements in the same frame.

2. The address range and data length for reading must not exceed the protocol-defined limits. Example:

For Y elements with protocol address range of 0000~0255, corresponding to Y0~Y377:

(D Starting address = 1, element count = 256 — Returns address error (error code 02). Only 255 Y elements
exist starting from address 1.

(2) Starting address = 0, element count = 257 — Returns data error (error code 03). The protocol defines only
256 Y elements (exceeding the maximum count).

(® Starting address = 0, element count = 256 — Returns valid status for all 256 elements. Ensure the requested
elements are defined in the protocol (within the valid range). Applies to both word elements and bit elements.

7.3.3 Modbus Slave Address

(1) PLC as Modbus Slave: The correspondence between its soft elements and Modbus addresses is as follows:

E;ﬁ;n Type Physical Element | Protocol Address | Supported FCs Comment
e
Y Bit (octa_l) 0000~0511 01, 05, 15 Y0Y7, Y10_Y17,
512 hits
and so on.
Input status, with
o e
X | Bit (octal) 1200~01711 01, 05, 15, 02 pportea.
. element addresses
512 hits
are the same as
above.
. MO0~M2047 2000~4047
M Bit M2048~M10239 12000~20191 01,05, 15
. SMO0~SM255 4400~4655
SM Bit SM256~SM1023 30000~30767 01,05,15
. S0~51023 6000~7023
S Bit 51024~S4095 31000~34071 01,05,15
. TO~T255 8000~8255
T Bit T256~T511 11000-11255 01, 05, 15 T element status
. C0~C255 9200~9455
C Bit C256-C511 10000~10255 01, 05, 15 C element status
D Word D0~D7999 0000~7999 03, 06, 16
SD0~SD255 8000~8255
SD | Word SD256~SD1023 | 12000~12767 03,06, 16
Z Word Z0~715 8500~8515 03, 06, 16
TO~T255 9000~9255 T element current
T | Word T256~T511 11000~11255 | 03/ 06,16 value
C | word C0~C199 9500~9699 03, 06, 16 C element (INT)
current value
c |Dbua C200~C255 9700~9811 03, 16 C element (DINT)
word current value
Dual- C256~C263 10000~10101 03, 16 C element (DINT)
word current value
R Word RO~R32767 13000~45767 03, 06, 16

Communication Diagnostic Function Codes
The diagnostic function codes provide communication testing between the master and slave, or report internal

error states of the slave. Supported function codes are listed below:
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Function | Subfunction . Subfunction .
Code Code Subfunction Name Funcode Code Subfunction Name
Return bus
08 00 Return query data 08 12 communication error
count
Restart .
08 01 communication 08 13 Return bus exception
. error count
options
Force listen-only Return slave message
08 04 mode 08 14 count
08 10 Clear counters 08 15 Return slave no-
response count
08 11 Return bus message 08 18 Return bus character
count overrun count
Error Code

In a normal response, the slave returns data or statistic in the data field. In an error response, the slave returns
an error code as follows:

Error Code Description
0x01 lllegal function code
0x02 Illegal register address
0x03 Illegal data

No-response scenarios:

Errors in broadcast frames (e.g., data/address errors).

Character length exceeds protocol limit (e.g., RTU frames >256 bytes).
Intercharacter timeout in RTU mode (treated as invalid frame).

Slave in listen-only mode.

Invalid ASCII frames (e.g., incorrect end characters, invalid character ranges).

7.3.4 Modbus Slave Communication Configuration
When the PLC operates as a Modbus slave, it does not initiate communication and responds to the master only
upon receiving a locally addressed frame. The slave supports Modbus function codes 01, 02, 03, 05, 06, 08, 15, 16;
all others (except broadcast frames) return an lllegal Function Code.
Slave Configuration via Software
1. Navigate to Project Manager > Communication Config, double-click COMO to access the configuration
interface. Set parameters such as communication protocol, station number, and baud rate, then click OK to
save settings.

==l Variable Table
I vAR_1
=-2% Program Block PLC serial port setting
M MAIN Baud rate: Parity check:
5] SBR_O1
[T INT_01
F| FB Function Block () None
F| FC Function
[l Data Block
System Block () Freeport Protocol
-{} Extension Modules N Master/Slave mode:
@ E-CAM Free port setting

----- Cross reference table (@) Modbus Protocol

Modbus Protocol

19200 ~ Even ~
Data bit: Stop bit:
8 1 bg

Slave .

Station number: Transmission made:

-Z: Element browse table
Modbus setting

= Element monitoring table 1 ~ RTU Mode ~

[Z] Element Memory Table TN Frotocal
= Instruction Wizard

Timeout time: Retry times:

1 &' Communication Configuration HoEaiy 1000 Zims 0 =

-# COMO
MODRW table instruction interval time:

il COM 1 I
== COM2 oK Cancel 0 S| ms

[El~an

Output Window

>>> Data Block Default Value Cancel

>>> System Block

7.3.5 Modbus Master Communication Configuration

Maste Configuration via Software
1. Navigate to Project Manager > Communication Config, double-click COMO to access the configuration
interface. Set parameters such as communication protocol, station number, and baud rate, then click OK to

save settings.
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sl s ve [

H = ] Modbus Protocol X
+-[5] SBR_03 ! i3 -

[T INT_01 PLC serial port setting

+IF] FB Function Block Baud rate: Parlty check:

:-[E] FB_O1
: F FE_UZ (O Program Port Protocol 19200 ~ Even ~

i-[F] FB_03 Program port setting pachi Stap bi:

=-IF] FC Function b - ¥
I FC 01 (O Freeport Protocol
-[El FC_02 Free port setting
[=] Data Block Master/Slave mode:
[ System Block (@) Modbus Protocol
{3 Extension Modules Madbus setting
A E-CAM il BTG MM . Transmission mode:

Master ~

222 Cross reference table (O n:n Protocol 2 w RTU Mode >
£ Element browse table NeN setting T imeout tme: RO
-m4 Element monitoring table
[E] Element Memory Table ‘100 2 ms 3 =
'E Instruction Wizard oK Cancel MODRW table instruction interval time:
—-4" Communication Configurat
_- S T oms
3 MODBUS Config
|- com2 — e
& CAN 1
Parameters Description
Iltem Settings
Station number 0~247
Baud rate 115200, 57600, 38400, 19200, 9600, 4800, 2400, 1200
Data bit 7 or 8 (7 for ASCII mode, 8 for RTU mode)
Parity check None/Odd/Even
Stop bit 1 or 2 (1 if parity enabled, 2 if parity disabled)
Master/Slave mode Configure as Master or Slave
Transmission mode RTU or ASCII
Timeout time Time limit for master waiting for slave response
MODRW table instruction Minimum delay between sending the next instruction after completion of
interval time the previous one.
Note:
»  When the PLC is configured as a Master, its station number must differ from slave numbers to avoid
communication conflicts.
»  Configuration parameters set in the system block take effect only after a full PLC runtime cycle.

1.

N225 {

MN233

2.

7.3.6 MODRW Instruction Description
When the PLC operates as a Modbus master, use the MODRW/Modbus instruction (provided by the system)
to communicate with slave devices.

M MAIN x

UL

M1

RCV 0 D10 5

SMO
o}

MODRW 0 Do Dz

Monitor operating position

COMO0=0,COM1=1,COM2=2

Example program: Write value 200 to address O of Station 1, read data from address 0 of Station 1 and
store it in register D18, and then write value 16#00FF to address 0 of Station 1.

Key Features:

MODRW can be invoked to send/receive data to/from slaves when COM0/COM1/COM?2 is configured as
the master.

Supports up to 255 concurrent MODRW instructions.

Instructions are executed sequentially per scan cycle.

The instruction continuously executes as long as the enabling condition (EN) is active.

Channel parameter: COM0=0, COM1=1, COM2=2.

Monitor communication faults via SM/SD registers of the corresponding port.

7.3.7Modbus Configuration Table

When the PLC is configured as a Modbus master, communication with slaves can be managed through the
Modbus configuration table, eliminating the need for explicit instruction calls in the program. Configuration steps:

1.

Navigate to Project Manager — Communication Config — COMO, and right-click "Add Config", as shown
below.
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-ZE Element browse table

+-= Instruction Wizard

(™ Element monitoring table
#-{=] Element Memory Table
E

=-%' Communication Configuration

______ = COM Open(Q)
Add Config(A)
...... CAN Encrypt/Decrypt(C)
...... W Ether Delete(D)
------ 1 Axis COTTyg

2. Double-click "MODBUS Confié".lln the dialag box, set parameters including slave 1D, communication
type, function code, read/write slave address, length, and remarks, as illustrated below.

VIODBUS Config_COMO

x

Num |Slave ID

Comm Type |Function Trigger Elem Slave Register

Length

Master Elem

Remark

Read Resistor(03) 2000

D3000

Slave reqister address format |

() Hexadecimal number
(@ pecimal number

Read Resistor(03
Read Resistor(03)

M2000 2000

2000

D3002
D3004

Delete

| up Down Import Export Cancel ‘
Modbus Configuration Table Description
Item Setting Description
Slave ID Supports 31 slaves Station ID range: 1~255.

PLC repeatedly executes all "Loop" configurations during

Communication
Type

Loop mode

program scan.

Triggers communication when the trigger flag is set in the
Trigger mode program. Each flag set initiates one communication. Use a

timer to periodically set the flag for desired frequency.

Function

Supported function codes:
01, 02, 03, 04, 05, 06, 15,
16.

Write register (16):

Uses FC06 (Data Length=1)
or FC16 (Data Length>1).
Write coil (15):

Uses FC05 (Data Length=1)
or FC16 (Data Length>1).

Trigger Element

MO0~M10247 elements can
be selected as trigger flags.

In Trigger mode, communication is initiated when the flag
(e.g., M flag) is ON. Upon successful completion, the
system automatically clears this trigger flag, allowing the
M flag to also serve as an indicator of successful
communication. When configuring the communication
table, avoid reusing the same M flag for multiple entries, as
the system’s clearance operation may interfere with other
communication operations.

Slave Register

Slave communication
address register

Addresses can be displayed in decimal or hexadecimal.

Length

Length of communication
addresses (max. 120 INT-
type registers)

Specifies the number of communication register addresses.

Master Element

Master send/receive
addresses (supports D and R

Specifies the address for data transmission or reception.
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elements).

Max. Table Rows

Supports up to 512 entries.

Remark

Describes register/element addresses.

Notes:

Configure parameters based on refresh requirements to optimize communication performance. Avoid setting
all entries to Loop mode, as excessive loop entries may reduce responsiveness. Use Trigger mode for non-critical
data to improve real-time performance. For RS485 Modbus (common rate: 9600bps), limit loop entries to <10 and
trigger entries to ~10 per second for optimal performance.

7.3.8 Modbus-RTU Communication Example

Program Requirements:

Establish serial communication between two devices (SH311 and SH523) using the Modbus-RTU protocol. The
master PLC reads the value of register D100 from the slave PLC.

Slave Configuration:
1.

Navigate to Project Manager — Communication Config, double-click "COMO0", select Modbus setting, and

_configure parameters such as slave mode, baud rate, and station number, as shown below.

i[F] FB_03

= [F] FC Function

~[FIFC_01

w[F| FC_02
-[Z] Data Block

System Block

£} Extension Modules
@ E-CAM

Z22 Cross reference table

lement browse table
=4 Element monitoring table
1-[E] Element Memory Table
#1-= Instruction Wizard
514" Communication Configurai
] COMO
= COM1
== COM2
il CAN
L. EtherNet
£ Axis Config
-3 Axis Group Config
i EtherCAT
=% PLC Communication

O Program Port Protocol
Program port setting
(O Freeport Protocol
Free port setting
(® Modbus Protocol
Madbus setting
(O Nz Protocol

M:N setting

oK

4 |
vl <

Cancel

Modbus Protocol

PLC serial port setting

Baud rate: Parity check:

19200 ~ Even ~
Data bit: Stop bit:

8 il ~

Master/Slave mode:
Slave b

Station number: Transmission mode:

1 ~ RTU Mode ~

Timeout time: Retry times:

S ms 0 =

1000

MODRW table instruction interval time:

0 Zms

Default Value Cancel

After configuration, download the project to the PLC.

Master Configuration:
1.

Navigate to Project Manager — Communication Config, double-click "COMO0", select Modbus setting, and

configure parameters such as master mode, baud rate, and station number, as shown below.
IF| F5 U

[FIFB_03
=-[F] FC Function
[FIFC_01
-IFI FC_02
-[E] Data Block
System Block
{1 Extension Modules
2 E-CAM
~EE Cross reference table
~Z Element browse table
- Element monitoring table
-5l Element Memory Table
= Instruction Wizard
£)-&" Communication Configuraf
-~ [
=% COM1
- COM2
[& CAN
M EtherNet
£ Axis Config
-5 Axis Group Config
-¢= EtherCAT
=% PLC Communication

Oustret Windman

(CJProgram Port Protocol
Program port setting
(O Freeport Protocol
Free port setting
(@) Modbus Protocol
Modbus setting
O N:N Protocol

N:N setting

oK

A |
ol <

Cancel

Modbus Protocol X

PLC serial port setting

Baud rate: Parity check:

19200 = Even =
Data bit: Stop bit:

8 1 w

Master/Slave mode:

Master b
Station number: Transmission mode:
e ] pe—— o

Timeout time: Retry times:

S oms 3 L

‘mu

MODRW table instruction interval time:

P E

ms

Default Value Cancel

2. Right-click "COMO0", select "Add Config", and then double-click *"MODBUS Config". In the dialog box,
set parameters including slave ID, communication type, function code, read/write slave address, length,

and remarks, as shown below.
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|MoDBUS Config_como X

Num  Sbve ID_ Comm Type Functon Trigger Elem Slave Regster Length Master Eem Remark.
o N Loop Read Resstor(03) 100 11 3000

3. After configuration, compile, download, and monitor the project.

= Comment

Mo
W RCV [ 5] & 1

ML
NS { } 4+ [ T [} D10 1 1

SM12
1L

Program Description: The master reads the value of register D100 from the slave PLC and stores it in D3000.

7.3.9 Slave Address Modification
When Modbus master/slave protocol is configured for COM0O/COM1/COM2, the communication station
number can be modified via SD registers, and changes take effect immediately.

Port Register Effective Mechanism
COMO SD109 Take effect immediately
COM1 SD129 Take effect immediately
COM2 SD149 Take effect immediately

7.4 N:N Communication Protocol

7.4.1 Overview

N:N is a compact PLC network developed by Suzhou SLANVERT Electric Co., Ltd. It operates on the RS485
physical layer, enabling direct PLC connection via Communication Port 1. PLCs in the N:N network automatically
exchange values of D registers and M registers, allowing peer-to-peer access to network PLC registers as if accessing
local registers.

Key Features: Most parameters only require configuration on the #0 PLC; Online parameter modification is
supported; Automatically detects newly added PLCs in the network; If a PLC disconnects, other PLCs continue data
exchange uninterrupted; Communication status can be monitored via SM registers on any PLC in the network.

7.4.2 N:N Network Data Transmission

The N:N network employs two types of messages: token distribution from the master and data broadcasts from
individual PLCs.

Token Distribution: The master initially holds the token. After broadcasting data, the master sequentially passes
the token to slaves in a cyclic manner. Only the slave holding the token can broadcast data to other PLCs (including
the master).

Figures 10-1 to 10-5 illustrate the primary processes of network communication. In these diagrams, Station 1#
serves as the master. Note that by default, Station 0# is designated as the master, while Station 1# acts as a backup
master (automatically activated if the primary master experiences communication failure or power loss).
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@ Master (1#)

1#Data ", l#-;:);ita . 1# Data .. .
Slave (24) ] Slave (3#) | Slave (N#)
|
L 1]

Master broadcasts

@ Master (1#)

Token

-

e

Slave (24) ] Slave (3#) ' Slave (N#)

H . B
Master passes the token to 2# Slave

tﬁ. Master (2#)
N P &
", 2Data
~
N
Slave (24) A q
A'\‘ 2%Data . 2% Data
Slave (34) | Slave (N#) l
L( )
RS435

2# Slave broadcasts

@ Master (1#)

Slave (24) Slave (34) Slave (N#)

L[ W e

Master passes the token to 3# Slave

@Master(l#)
el . 3# Data

Slave (3#) .
3#Data .- .. 3#Data
v ’ n
% %,
Siave( | Slave (N9
I T —

3# Slave broadcasts

Master (1#) Tl
.

’ -

”@’@@

Slave (2#) | SIave(S# Slave (N#)

_t TETG {l
Token passing sequence

Figure 10-6 depicts the token-passing sequence. The solid line indicates the actual token passing path, while the
dashed line represents the order of stations holding and broadcasting the token. Note that the token is not transferred
directly between slaves (e.g., from 2# PLC to 3# PLC). Instead, the master issues the token to 2# PLC first, then
subsequently to 3# PLC.

7.4.3 N:N Network Architecture

The N:N network supports two types of topologies: single-layer and multi-layer, as illustrated below:

Slave Slave Slave Slave Slave

N1DORO

Single-layer Network

-128-



Serial Communication SH100/300/SH500 PLC Programming and Application Manual

Slave 1# Slave 2# Slave 3#

Slave 4#

Slave N#

N18080

Slave 1# Slave 2# Slave 3# Slave 4# Slave N#

RS-485

Single-layer Network
In a single-layer network, each PLC connects to the N:N network through one communication port, supporting
a maximum of 32 PLCs per layer. In a multi-layer network, intermediate node PLCs act as inter-layer bridges, with
their two communication ports linked to different layers. Each layer in a multi-layer configuration supports up to 16
PLCs.

7.4.4 N:N Refresh Mode

PLCs in the N:N network automatically exchange values of D registers and M registers within a fixed-range
"shared register area”. Once N:N is enabled, these shared registers are continuously refreshed to ensure consistency
across all PLCs.

=P ) / 1=RC O\ / =PC = PLC

v 0% Receive (R) 0% Receive (R) 0% Receive (R)
1# Receive (R) it (W 1% Receive (R) 1# Receive (R)
2% Receive (R) 2&Receive R) i Adlc s W 2% Receive (R)
3# Receive (R) 3% Receive (R) 3% Receive (R) ¢ 3% Receive (R)
4% Receive (R) ¢ 4% Receive (R) U 4% Receive (R) 4% Receive (R)
5% Receive (R) 5% Receive (R) 5% Receive (R) 5% Receive (R)
6% Receive (R) 6% Receive (R) 6% Receive (R) 6% Receive (R)
7# Receive (R) 7% Receive (R) ﬂ 7% Receive (R)

A NG A Wy

In "shared register area”, each PLC has a writable transmit area, and N:N automatically broadcasts the content
of this transmit area (specific D/M register values) to other PLCs. Simultaneously, each PLC receives data from other
PLCs and stores it in a read-only receive area.

The shared component area has a fixed capacity (64 D registers and 512 M registers available for sharing), which
are distributed across connected PLCs. The fewer PLCs in the network, the more registers each PLC is allocated.
This mapping relationship is defined by the N:N Refresh Mode Table.

D Register Allocation in N:N Single-Layer Network

D Register Allocation Mode 1 Mode 2 Mode 3 Mode 4 Mode 5

D7700~D7701 #0 40

D7702~D7703 #1 40

D7704~D7705 #2 #1

D7706~D7707 #3 #0 #0
D7708~D7709 #4 49

D7710~D7711 #5 #1

D7712~D7713 #6 #3
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D Register Allocation Mode 1 Mode 2 Mode 3 Mode 4 Mode 5
D7714~D7715 #7
D7716~D7717 #8 44
D7718~D7719 #9 4
D7720~D7721 #10 45
D7722~D7723 #11 #
D7724~D7725 #12 46
D7726~D7727 #13 43
D7728~D7729 #14 47
D7730~D7731 #15
D7732~D7733 #16 48
D7734~D7735 #17 44
D7736~D7737 #18 49
D7738~D7739 #19 4
D7740~D7741 #20 #10
D7742~D7743 #21 45
D7744~D7745 #22 #11
D7746~D7747 #23 #
D7748~D7749 #24 #12
D7750~D7751 #25 46
D7752~D7753 #26 #13
D7754~D7755 #27 43
D7756~D7757 #28 #14
D7758~D7759 #29 47
D7760~D7761 #30 #15
D7762~D7763 #31

Example:

(10) In Mode 1, Station 0# is allocated D registers D7700~D7701. The PLC at Station 0# can write values to

D7700 and D7701, while other stations (1#~31#) can directly read values from these registers.

(11) In Mode 2, Station 0# is allocated D registers D7700~D7703. The PLC at Station 0# can write values to
D7700~D7703, while other stations (1#~15#) can directly read values from these registers.

M Register Allocation in N:N Single-Layer Network

M Register Allocation Mode 1 Maode 2 Mode 3 Mode 4 Mode 5
M1400~M1415 #0 40
M1416~M1431 #1 40
M1432~M1447 #2 41
M1448~M1463 #3 40
M1464~M1479 #4 49
M1480~M1495 #5 41 40
M1496~M1511 #6 43
M1512~M1527 #7
M1528~M1543 #8 42
M1544~M1559 #9 49
M1560~M1575 #10 45
M1576~M1591 #11 41
M1592~M1607 #12 46
M1608~M1623 #13 43 40
M1624~M1639 #14 47
M1640~M1655 #15
M1656~M1671 #16 48
M1672~M1687 #17 42
M1688~M1703 #18 49
M1704~M1719 #19 49
M1720~M1735 #20 410
M1736~M1751 #21 45 #1
M1752~M1767 #22 #11
M1768~M1783 #23
M1784~M1799 #24 #12
M1800~M1815 #25 #6 #3
M1816~M1831 #26 #13
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M Register Allocation Mode 1 Mode 2 Mode 3 Mode 4 Mode 5
M1832~M1847 #27
M1848~M1863 #28 414
M1864~M1879 #29 47
M1880~M1895 #30 415
M1896~M1911 #31
Note:

(12) In Mode 1, Station O# is allocated M registers M1400~M1415. The PLC at Station 0# can write values to
M1400~M1415, while other stations (1#~31#) can directly read values from these registers.
(13) In Mode 2, Station 0# is allocated M registers M1400~M1431. The PLC at Station 0# can write values to
M1400~M1431, while other stations (1#~31#) can directly read values from these registers.
D Register Allocation in N:N Multiple-Layer Network (Layer 0)

D Register Allocation Mode 6 Mode 7 Mode 8 Mode 9

D7700~D7701 #0 40
D7702~D7703 #1 40
D7704~D7705 #2 #
D7706~D7707 #3 40
D7708~D7709 #4 4
D7710~D7711 #5 #
D7712~D7713 #6 43
D7714~D7715 #7
D7716~D7717 #8 44
D7718~D7719 #9 "
D7720~D7721 #10 45
D7722~D7723 #11 #
D7724~D7725 #12 46
D7726~D7727 #13 43
D7728~D7729 #14 47
D7730~D7731 #15

Note:

In Mode 6, Station 0# (Layer 0) is allocated D registers D7700~D7701. The PLC at Station 0# can write values
to D7700~D7701, while other stations (1#~15#) can directly read values from these registers.
D Register Allocation in N:N Multiple-Layer Network (Layer 1)

D Register Allocation Mode 10 Mode 11 Mode 12 Mode 13

D7732~D7733 #0 40
D7734~D7735 #1 40
D7736~D7737 #2 41
D7738~D7739 #3 40
D7740~D7741 #4 49
D7742~D7743 #5 #1
D7744~D7745 #6 43
D7746~D7747 #7
D7748~D7749 #8 44
D7750~D7751 #9 49
D7752~D7753 #10 45
D7754~D7755 #11 #1
D7756~D7757 #12 46
D7758~D7759 #13 43
D7760~D7761 #14 47
D7762~D7763 #15

Note:

In Mode 10, Station 0# (Layer 1) is allocated D registers D7732~D7733. The PLC at Station 0# can write values
to D7732~D7733, while other stations (1#~15#) can directly read values from these registers.
M Register Allocation in N:N Multiple-Layer Network (Layer 0)

M Register Allocation Mode 6 Mode 7 Mode 8 Mode 9
M1400~M1415 #0 40
M1416~M1431 #1 40
M1432~M1447 #2 41 #0
M1448~M1463 #3
M1464~M1479 #4 #2 #1
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M Register Allocation Mode 6 Mode 7 Mode 8 Mode 9
M1480~M1495 #5
M1496~M1511 #6 #3
M1512~M1527 #7
M1528~M1543 #8 44
M1544~M1559 #9 4
M1560~M1575 #10 45
M1576~M1591 #11 #
M1592~M1607 #12 46
M1608~M1623 #13 43
M1624~M1639 #14 47
M1640~M1655 #15
Note:

In Mode 6, Station 0# (Layer 0) is allocated M registers M1400~M1415. The PLC at Station 0# can write values
to M1400~M1415, while other stations (1#~15#) can directly read values from these registers.
M Register Allocation in N:N Multiple-Layer Network (Layer 1)

M Register Allocation Mode 10 Mode 11 Mode 12 Mode 13
M1656~M1671 #0 40
M1672~M1687 #1 40
M1688~M1703 #2 #
M1704~M1719 #3 40
M1720~M1735 #4 #
M1736~M1751 #5 #
M1752~M1767 #6 43
M1768~M1783 #7
M1784~M1799 #3 44
M1800~M1815 #9 #
M1816~M1831 #10 45
M1832~M1847 #11 #1
M1848~M1863 #12 46
M1864~M1879 #13 43
M1880~M1895 #14 47
M1896~M1911 #15

Note:

In Mode 10, Station 0# (Layer 1) is allocated M registers M1656~M1671. The PLC at Station 0# can write
values to M1656~M1671, while other stations (1#~15#) can directly read values from these registers.

CAUTION

» When the N:N communication protocol is configured, D registers D7700~D7763 and M registers
M1400~M1911 are reserved as shared resources for network data exchange. Exercise caution when using these
registers in your program!

7.4.5 Enhanced Refresh Modes

The SH-series PLCs offer Modes 14~18 to support expanded shared registers, applicable only to single-layer
networks requiring extensive data exchange. The M and D register ranges are extended to M1400~M1911 and
D7500~D7755, respectively.
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M register allocation (512 registers) is shown in the table below:

M Register Allocation Mode 14 Mode 15 Mode 16 Mode 17 Mode 18
M1400~M1415 #0 40
M1416~M1431 #1 40
M1432~M1447 #2 #
M1448~M1463 #3 40
M1464~M1479 #4 4
M1480~M1495 #5 #
M1496~M1511 #6 #3
M1512~M1527 #7 40
M1528~M1543 #8 44
M1544~M1559 #9 4
M1560~M1575 #10 45
M1576~M1591 #11 #
M1592~M1607 #12 46
M1608~M1623 #13 43
M1624~M1639 #14 47
M1640~M1655 #15
M1656~M1671 #16 48
M1672~M1687 #17 44
M1688~M1703 #18 49
M1704~M1719 #19 #
M1720~M1735 #20 #10
M1736~M1751 #21 45
M1752~M1767 #22 #11
M1768~M1783 #23 #
M1784~M1799 #24 #12
M1800~M1815 #25 46
M1816~M1831 #26 413
M1832~M1847 #27 43
M1848~M1863 #28 414
M1864~M1879 #29 47
M1880~M1895 #30 415
M1896~M1911 #31
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D register allocation (256 registers) is shown in the table below:

D Register Allocation Mode 14 Mode 15 Mode 16 Mode 17 Mode 18
D7500~D7507 #0 40
D7508~D7515 #1 40
D7516~D7523 #2 #
D7524~D7531 #3 40
D7532~D7539 #4 4
D7540~D7547 #5 #1
D7548~D7555 #6 43
D7556~D7563 #7 40
D7564~D7571 #8 44
D7572~D7579 #9 4
D7580~D7587 #10 45
D7588~D7595 #11 #
D7596~D7603 #12 46
D7604~D7611 #13 #3
D7612~D7619 #14 47
D7620~D7627 #15
D7628~D7635 #16 48
D7636~D7643 #17 #4
D7644~D7651 #18 49
D7652~D7659 #19 #
D7660~D7667 #20 #10
D7668~D7675 #21 45
D7676~D7683 #22 #11
D7684~D7691 #23 #1
D7692~D7699 #24 #12
D7700~D7707 #25 46
D7708~D7715 #26 413
D7716~D7723 #27 43
D7724~D7731 #28 414
D7732~D7739 #29 47
D7740~D7747 #30 415
D7748~D7755 #31

N:N Control Strategy

Master Determination

Station 0 is the default master. Only Station O can initialize and start the network. N:N parameters (refresh mode,
delay time, retry count, etc.) can only be configured via Station 0#. During online configuration updates or system
block downloads on Station 0#, the backup master temporarily assumes control. After completion, Station 0# reclaims
master status.

Master selection rule: The lowest station number in the network acts as the master.

Maximum Polling Station Count

Set this value equal to the actual number of PLCs in the network, with stations numbered sequentially from 0#.
If the set value (N) is less than the actual PLC count, stations with numbers > N cannot broadcast data but can receive
broadcasts from stations < N.

Multi-Master-Slave (M:N)

N:N supports multi-master-slave networks. Master here refers to PLCs that can both write their own M/D
registers and read others', while slave refers to PLCs that can only read others' M/D registers. Within the configured
maximum polling station count (limited by refresh mode), stations <N act as masters, while stations >N are slaves.
Slaves access master registers based on the masters' refresh modes and mappings defined in the N:N Shared M/D
Register Table. Slaves have no corresponding entries in these tables.

7.4.6 N:N Protocol Usage Example
Two PLCs communicating via N:N protocol in a single-layer network configured to Mode 3.
Master Configuration
1. Navigate to Project Manager — Communication Config, double-click COMO, and select N:N Protocol.
Double-click the N:N setting, and set communication parameters as shown below:
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IF FB_UI e

--[F] FB_02 ~ [Comment N:N Protocol x
P FB.03 - s e RCY o PLC serial port setting
7 \FFC\ Ezn;?on Baud rate: Parity check:
[FIFC_02 38400 v Even ~
[Z] Data Block (O)Program Fort Protocol —— S

System Block

8 1
X Program part settiny
1 Extension Modules it g
@ E-CAM (C) Freeport Protocol
= Cross reference table Station number- Retry times:
Free port sett =
lement browse table er e 0 v ‘3

-m Element monitoring table () Modbus Protocol
[Z] Element Memory Table -
-= Instruction Wizard R g

L . 2 z [5 2] ms
—J-&" Communication Configuration (@) N:N Protocol

)

Maximum number of inspection stations in network:  Additional delay time:

- COM1 N:N setting Mode setting: Refresh mode:
- £ MODBUS Config @ single layer 3 >
- COM2 () bouble layer(layer 0)
CAN oK Cancel () bouble layer(layer 1)
#h EtherNet L -
£ Axis Config
& Axis Group Config o Default Value Cancel
@ EtherCAT 3 <

Parameters Description

@ Station number: Assign unique sequential station numbers starting from 0. Station 0# initiates and configures
the network.

® Maximum polling station count: Total number of PLCs in the network (up to 32). Configure this parameter,
along with additional delay time, retry times, and mode, only on Station 0#.

® Refresh mode: 1~18 modes are available, determining the shared ranges of D and M elements.

® Foracurrent network with 6 PLCs, set the maximum polling station count to 6 and assign station numbers 0~5.
To allow future extension without interrupting the network (e.g., adding 2 PLCs), set the count to 8. New PLCs
assigned station numbers 6 and 7 will be automatically detected and integrated into data exchange with stations
0~5 within 1 second.

Slave Configuration
2. For stations other than Station 0#, set only their station number, ensuring baud rate and parity match Station

0#.

I=/1= variable 1aple

EIvAR_ 1 N:N Protocol X
(-23 Program Block i
7 MAIN - | PLC serial port setting
[5] SBR_01 Baud rate: Farity check:
[T INT_01 38400 - Even &
[F| FB Function Block (O None . Stop bit:
~-[F] FC Function . R
[Z] Data Block
System Block (O Freeport Protocol
{3 Extension Modules Station number: Retry times:
E-CAM Free port setting - - S -

oss reference table (O Modbus Protocal

Maximum number of inspection stations in network:  Additional delay time
ement browse table

= Element monitoring table Cxim g < =
~[=] Element Memory Table @ N:N Protocol ¢ = g ~|ms
= Instruction Wizard
=-&' Communication Configuration [EIEETy Mode setting: Refresh mode:
- COMO Single layer 3
g =il Double layer(layer 1)
= com2 o Gancel Double layer(layer 1)

Dutput Window

>>> System Bloch
Fuetn

e Vlrinhlne Contictin UnldfA/42107IN Kok UnlAf0A0 TEAM Baintad MANDE

3. After configuring these parameters, compile, download, and debug the settings, as illustrated below:
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4. Program DesEifftion:
Master Station 0#: Inputs data into register D7700~D7707 in transmit area, and Slave Station 1# receives from
D7700~D7707.

Slave Station 1#: Inputs data into register D7708~D7715 in transmit area, and Master Station 0# receives from
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D7708~D7715.
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8 Ethernet Communication

8.1 Overview

The SH300 and SH500 series integrate the ModbusTCP protocol (server and client), enabling seamless
communication and data exchange with ModbusTCP-compatible devices. For devices not supporting ModbusTCP,
socket instructions are provided to implement custom TCP/UDP-based application protocols. AutoSoft supports
Ethernet-based monitoring, downloading, uploading, and debugging of PLCs with high efficiency.

HMI

SH %51

PC EtherNET

EtherNET

8.2 Hardware Interface Specifications

Item Ethernet Interface
10Mbps: 10BASE-T
Transmission speed 100Mbps: 100BASE-TX
10Mbps/100Mbps auto-tuning
Modulation Baseband
Topology Star

Shielded twisted pair cables of Category 5 and above with aluminum foil and
braided mesh

Transmission distance Node-to-node distance: <100 m

Connection capacity Supports up to 16 slaves and 4 masters

Transmission medium

8.3 IP Address Configuration/Viewing

The SH series has a factory default IP address of "192.168.1.10". The IP address can be modified via the
AutoSoft software when connected via USB or Ethernet.

IP Address Viewing
1. With a USB or Ethernet connection established, view the IP address by navigating to the menu bar -> PLC

-> PLC Information, as shown below.

x

PLC Information

= ¥ersion ~
CPU type SHL00
Version

Module number | Module type Input | Output | Verson | Module State
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2. Alternatively, monitor the IP address through SD registers in the monitoring table, as illustrated below.
Output Window

Element Name Data Type Display Format  Current Value New Value Element Remark
SD470 INT Decimal 192 IPO
SD471 INT Decimal 168 IP1
SD472 INT Decimal 1 IP2
SD473 INT Decimal 10 IP3
sD474] T Decimal 502 Ethemetslavelisteningport |
IP Address Configuration
1. In the Project Manager, double-click “EtherNet”, and configure the IP address in the pop-up window, as
shown below.
Fthernet Config X
IP Address: 192 168 1 _ 10
Mask: ‘ 255 . 255 . 255 . 0 |
Gateway: ‘ 192 . 168 . 1 . 1 |
Port1 (Modbus TCP): 502
Port2 (Program port protocol): 9016
Master/Slave: Slave ~

Note: self-define option means you can set the last section of IP address, or it
depends on the switch on the front panel, ranges from 1 to 254.

Cancel

Function Description

The default IP address for SH series communication is 192.168.1.10. After restoring the PLC to factory settings,
this IP is retained, enabling direct communication with host computers and Modbus TCP clients.

IP Address: A unique identifier for the device in network communication. Each device must have a distinct IP
address. Otherwise, the device cannot connect to the network.

Subnet Mask: Enables addressing of multiple physical networks under the same network address. The mask
divides the subnet address and the host ID. The subnet address is derived by retaining bits in the IP address
corresponding to "1" positions in the mask and replacing others with "0". Default subnet mask: 255.255.255.0
(unless specified otherwise).

Gateway Address: Routes messages to devices outside the current network. If no gateway exists, set to 0.0.0.0.
Port 1: Reserved for Modbus TCP communication via TCP 502. Not configurable.

Port 2: Used for AutoSoft host communication via Port 9016. Not configurable.

Master/Slave Mode: Configures the device as a master or slave.

8.4 Master Configuration

The Modbus TCP Master (Modbus TCP client) supports simultaneous communication with up to 16 Modbus

TCP Slaves (Modbus TCP servers).

Steps:
1. Inthe Project Manager area, double-click “EtherNet”, and configure the IP address and Master mode in the
pop-up window, as shown below.
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Ethernet Config X
IP Address: 192 168 1 10
Mask: | 255 . 255 .25 . 0 |
Gateway: ‘ 192 . 168 1 1 |
Port1 (Modbus TCP): 502
Port2 (Program port protocol): 9016
Master/Slave: iMasler ~

Note: self-define option means you can set the last section of IP address, or it
depends on the switch on the front panel, ranges from 1 to 254.

Cancel

2. Right-click EtherNet -> Add Config -> Double-click Ethernet Config to configure the Modbus TCP Slave’s
IP address, as shown below.

(=3 Program Block |

[ MAIN Modbus Tep Cenfiguration X
151 SBR_O1
I INT 01 Station number: IP Address: Port: Setting:
[F] FB Function Block Bshave1 ‘ 192 .168 . 1 . 9§ ‘ 502
[F] FC Function
Slave 2 0.0 .0 .0 502
[l Data Block O ‘ ‘

5 System Block [slave 3 ‘ 0.0 0.0 ‘ 502
& Extension Modules slave 4 ‘ 0.0 .0 .0 ‘ 502
@ E-CAM

0 0 0 0
£ Cross reference table [slave s ‘ ‘ 2
ement browse table (JSlave 6 ‘ 0.0 .0 .0 ‘ 502

= Element monitoring table OSlave 7 ‘ 0 0 0 0 ‘ 50
‘=l Element Memory Table

&= Instruction Wizard [JSlave 8 ‘ ©-.0:20.0 ‘ 502

(=" Communication Cenfiguration [Jslave 9 ‘ 0 0 0 0 ‘ 502

- COMO
0.0 .0 .0 502
= COM1 [Jslave 10 ‘ ‘
-« COM2 [Jslave 11 [0 . 0.0 .0 50
CAN [ slave 12 [0 .0 .0 .0 s0
(=1 EtherNet > = 5 5
[®elEthernet Config [slave 13 ‘ ' ) ' ‘ S
@ Axis Config [slave 14 ‘ 0.0 .0 .0 ‘ 502
% Axis Group Config
Slave 15 0.0 .0 .0 502
@ EtherCAT a ‘ ‘
= PLC Communication (T slave 16 ‘ 0.0 .0 .0 ‘ 502

3. Double-click “Setting” to add communication channels for the Modbus TCP Slave and configure relevant

parameters, as shown below.
|

p :(’:?"\:'IJ o MODBUSTCP Canfig )‘(“
% SBR 01
TINT 01 Satian number. 1P Address: Purt: Setting. Num Siave ID  Comm Type  Function Triggar Elem  Siave Ragister Length Master Elem Remark
FB Function Block B! W, 1.5 | S o . 2
:)L' Function Y Loap Resd Resistor{03) 2000 1 D3002
a: iz —_ 2 1 Trigger Read Resistor{03) _ M2000 2001 1 03003
T suion || G
Zom
- COM2 Save 11
A Eerie -
);:E:ru(":;lpw””g :‘M‘:? - Slave register address format Add Insest Delete Cear ™
ModbusTCP Configuration Table Description
Parameter Description
Slave ID No setting required; reserved.
L Loop mode: Polls slaves cyclically.
Communication . . - . .. - .
Trigger mode: Requires a trigger condition (specified via trigger element). Accesses the
Type . X X .
slave when the element is ON; automatically turns OFF after completion.
Function Read coils, write coils, read registers, write registers; supported function codes: 01, 02,

03, 04, 05, 06, 15, 16.

Trigger Element

Supports M elements (M0~M10247) for trigger configuration.

Slave Register

Address of the coil/register to access (decimal or hexadecimal)

Length

Number of data elements to access. Example: Accessing M10~M20 requires a length of
11
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| Master Element | Address for transmitting/receiving data in the master buffer.
4. Click OK to confirm, then compile, download, and debug the program.
Program Example: Reads data from addresses 2000~2003 of the Slave (IP: 192.168.1.15) and stores it in
registers D3000~D3003.

Note:
» Toadd multiple Modbus TCP slaves, repeat Steps 2~3.

8.5 Slave Configuration

ModbusTCP Slave
1. Inthe Project Manager area, double-click “EtherNet”, and configure the IP address and Slave mode in the
pop-up window, as shown below.

| Ethernet Config X
1P Address: g . ﬂ . 1_ L
Mask: 255 . 255 . 235 . O
Gateway: 192 . 168 . 1 . 1
Port1 (Modbus TCP): 502
Port2 (Program port protocol): 9016
Master/Slave: Slave %

Note: self-define option means you can set the last section of IP address, or it
depends on the switch on the front panel, ranges from 1 to 254.

x|

8.6 ModbusTCP Function Codes

Supported ModbusTCP function codes:

Cancel

Funcode Function Data Length

0x01 (01) Read coils >=1

0x02 (02) Read coils >=1

0x03 (03) Read registers >=1

0x04 (04) Read registers >=1

0x05 (05) Write a single coil =

0x06 (06) Write a single register | =

O0xOF (15) Write multiple coils >1

0x10 (16) Write multiple >1

registers

8.7 ModbusTCP Communication Address

When SH series operates as a ModbusTCP slave, the address mapping for elements is as follows:

. Supported
Element Type Physical Element | Protocol Address Function Codes Comment
it
H ~ * *
Y Bit (octal) 0000~0511 01*05*15 YO-Y7, Y10_Y17,
512 bits
and so on.
Input status, with
dual addressing
X0~X777 e
X Bit | (octal) 1200~01711 01*05*15 supported. The
’ 02 element addresses
512 bits
are the same as
above.
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. Supported
Element Type Physical Element | Protocol Address Function Codes Comment
. MO0~M2047 2000~4047
M Bit | M2048-M10239 | 12000-20101 | 01705715
. SM0~SM255 4400~4655 nex
SM Bit | Sm2s6-sM1023 | 30000-30767 | O+ 70519
. S0~S1023 6000-7023 -
S Bit | 51024~54095 31000-34071 | 0170915
. TO~T255 8000~8255
T Bit T256~T511 11000-11255 01*05*15 T element status
. C0~C255 9200~9455
C Bit C256~C511 10000-10255 01*05*15 C element status
D Word D0~D7999 0000~7999 03*06*16
SD0~SD255 8000~8255 ALk
Sb Word | 5pose-SD1023 | 12000-12767 03*06+16
Z Word Z20~Z15 8500~8515 03*06*16
TO~T255 9000~9255 T element current
word | o56-T511 11000-11255 03*06+16 value
C Word | C0~C199 9500~9699 03*06*16 C element (INT)
current value
C Dual- | 500~c255 9700~9811 03, 16 C element (DINT)
word current value
c Dual-~ 1 56 263 10000-10101 03, 16 C element (DINT)
word current value
R Word RO~R32767 13000-45767 03*06*16
e Query quantity of coils/discrete inputs/registers
Funcode Name Max. Qty
0x01 (01) Read coils 1920
0x02 (02) Read discrete inputs 255
0x03 (03) Read registers 120
0x04 (04) Read inputs registers 255
0x05 (05) Single coil 1
0x06 (06) Single register 1
0x0f (15) Write multiple coils 1920
0x10 (16) Write multiple registers 120

8.8 Device Name Modification

When multiple PLCs are connected within a LAN, assigning unique names helps distinguish devices efficiently.

1. Navigate to the menu bar: PLC > PLC Name Setting, as shown below.
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2.

) PLC(P) Debug(D) Tool(T) Window(W) Help(H)

in the figure below:

Run(R)

Stop(S)
Reset(O)
Compile(C)
Compile All(A)

Upload(U)...
Download(D)...
Generate Datablock From RAM(G)...

Program Compare (M)
Password Setting(W)...

Clear PLC Error(L)

Clear PLC Element Value(E)
Clear PLC Program(P)
Clear PLC Datablock(H)
PLC Format(F)

Restore Default Config(T)

PLC Name Setting(N)

PLC Information(l)...
PLC Clock(K)...

PLC Executable Package(A)

Cirl+F7 ¢

F5
F6

L

|— | =be t 4

TEE

F7

F8

®S0 |IRD EOW #Ee)

AN %

C memso
SRR
SBERED
EEEE
EEELE
=EREHEQ
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PLGER®

EEFEW
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ESEA0)

Navigate to Tool> PLC Communication> Connect, select “Ethernet” and click “Search” to search in local
area network. Double-click the target device to establish communication with the host software, as shown

5 S o o
BIE| e & r'k.\_l\_l T2 EEER . x
1tk {3k | Ist {c} | === x

O=n Ol z e
) it OnEmEs
FAlL: L
s 1
BRLS o 192 168 1 [
Ouwss SR
> EEaEE [Olbeic]
e FE#E: ARz e 1 0s @ ® e
was: o ekt
e 1 oweesri wes  [@ES 15:29:08:24:99.28
o et wer | weooga |sh0 maesmoar
Dlemvest @HEe: —
@
W= =i

8.9 Ethernet-related SD Registers

When using Ethernet connection, users can monitor or modify IP addresses through SD special registers.

Address Function Property Description
SD470 IP Address 0 R/W IP Address 0
SD471 IP Address 1 R/W IP Address 1
SDA472 IP Address 2 R/W IP Address 2
SDA473 IP Address 3 R/W IP Address 3
SD474 Ethernet Slave Listening Port 502 R Port 502
SDA475 MAC Address 0 R MAC Address 0
SDA476 MAC Address 1 R MAC Address 1
SDA77 MAC Address 2 R MAC Address 2
SDA478 MAC Address 3 R MAC Address 3
SD479 MAC Address 4 R MAC Address 4
SD480 MAC Address 5 R MAC Address 5

Slave IP3 Address Number for Indicates network
SD481 s R N
Communication Errors communication errors
Set SM470 to ON after
SM470 IP Address Modification Enable R/W mod|fy|r_1g IP addresses to
activate new IP
immediately.
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8.10 Ethernet Free Port Protocol

8.10.1 Overview

TCP Free Port (Socket) communication is a two-way method where both parties must implement programs: one
acts as the active party to send data, and the other as the passive party to receive data. Hosts on the network transmit
data through interfaces provided by sockets. The SH series offers Ethernet socket interfaces. By utilizing sockets,
users can conveniently achieve communication between different devices over a TCP/IP network.

8.10.2 Transmission Control Protocol
Transmission Control Protocol (TCP) is a connection-oriented, reliable, byte-stream-based transport layer
communication protocol. The Internet differs significantly from individual networks, as its various segments may
have distinct topologies, bandwidths, latencies, packet sizes, and other parameters. TCP is designed to dynamically
adapt to these characteristics of the Internet and maintain robustness against diverse failures.
The SH series provides a connection-oriented socket TCP communication interface, with the workflow
illustrated in the figure below.

Server Client

-143 -



Ethernet Communication SH100/300/SH500 PLC Programming and Application Manual

8.10.3 Free Port Protocol High/Low Byte
The data transmission and reception formats can be controlled via SM special registers, effective only for
Ethernet Free Port Protocol instructions.
Mode
Configuration

SM Special Register

SM471=0FF: Both high and low bytes are valid.

Example: Sending data 16#1234 will transmit both high byte (16#12) and low
High/Low Byte | byte (16#34).

Validity SM471=0N: Only the low byte is valid.

Example: Sending data 16#1234 will transmit only the low byte (16#34), omitting
the high byte (16#12).

8.10.4 Freeport Protocol Instruction List

Instruction Name Function
TCP_Listen Establish listening state (server-side)
TCP_Accept Establish connection (server-side)
TCP_Connect Establish connection (client-side)
TCP_Close Close Ethernet connection
TCP_Send Send data via Ethernet
TCP_Recive Receive data via Ethernet

8.11 Freeport Protocol Instruction Descriptions

8.11.1 TCP_L.isten Instruction (Establish Listening State - Server)

TCP_Listen
— Enable

— Socket hotivel—
— Port Busy —

Error —

ErrorID |—

110 Name Data Type Appéllcearth])(lj]t()Soft Range Description
IN Enable | BOOL M/S TRUE, FALSE | Enabled
IN Socket | WORD Constant/D/R/W | 0~4095 User-defined socket
IN Port WORD Constant/D/R/W | Ox0~0xffff Local port number
ouT Active | BOOL M/S TRUE, FALSE | Active flag
ouT Busy BOOL M/S TRUE, FALSE | Executing flag
ouT Error BOOL M/S TRUE, FALSE | Error flag
ouT ErrorlD | WORD D/R/IW Ox0~Oxffff Error ID

Function and Instruction Description
® The server must wait for connection requests from clients. The TCP_L.isten instruction is used to listen on
a specified local port for client requests. Once a connection request is received, the TCP_Accept instruction
must be used to establish communication with the client.
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The TCP_Accept instruction accepts connection requests. When a server in listening state receives a client's
connection request, it places the request into a waiting queue. When operating as a server, use the TCP_Accept

Enable U L
Active
Busy :
Error |
Error L —

8.11.2 TCP_Accept Instruction (Establish Connection - Server)

instruction to accept client connection requests.

Enable

ListeningSocket

TCP_Accept

Comnected [—

Busy —

CormetedSocket [—

IPiddress —

Port —

Error —

ErrorlD—

Applicable —
/0 Name Data Type (Soft Element) Range Description
INT Enable BOOL M/S TRUE, FALSE Enabled
IN ListeningSocket WORD \(/:\? nstant/D/R/ 0~4095 User-defined socket
ouT Connected BOOL MI/S TRUE, FALSE | Connection
established flag
ouT Busy BOOL M/S TRUE, FALSE Executing flag
ouT ConnetedSocket WORD D/R/IW 4096~65535 Connected socket
ouT IPAddress DWORD | DIRIW i Remote host IP
address
ouT Port WORD D/RIW - Remote host port
ouT Error BOOL M/S TRUE, FALSE Error flag
ouT ErrorlD WORD D/R/IW Ox0~Oxffff Error ID

Function and Instruction Description

® A server in listening state must use the TCP_Accept instruction to establish communication with a client after
receiving its connection request. After successful communication establishment, data transmission or reception
can be performed via TCP_Send or TCP_Receive.

® Multiple TCP_Accept instructions enable the same local port to establish communication connections with
multiple clients.

® The maximum total number of simultaneous connections supported between clients and the server is four.
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Enable J

Connected

L
N

L

] .
Busy I :

Error ;

ana

L

Error

8.11.3 TCP_Connect Instruction (Establish Connection - Client)

For a client to communicate with a server, it must send a connection request to the server. When operating as a
client, use the TCP_Connect instruction to initiate connection requests.

TCP_Connect
—{Enable
— Socket Connected —
— IPAddress Busv —
— Part Error —
— ReComnect ErroriD —
110 Name Data Type Appéllzarth])‘I;t()Soft Range Description
IN Enable BOOL M/S TRUE, FALSE Enabled
IN Socket WORD Constant/D/R/W | 0~4095 User-defined socket
IN IPAddress DWORD IP address - Target server IP
address
IN Port WORD Constant/D/R/W | 0x0~O0xffff Target server port
number
IN ReConnect BOOL M/S TRUE, FALSE Auto-reconnect
when ON
ouT Connected BOOL M/S TRUE, FALSE Connection status
with the server
ouT Busy BOOL M/S TRUE, FALSE Executing flag
ouT Error BOOL M/S TRUE, FALSE Error flag
ouT ErrorlD WORD D/R/W 0x0~0xffff Error ID

Function and Instruction Description

® When operating as a client, use the TCP_Connect instruction to connect to a specified server port for
communication. After the server accepts the connection, data transmission or reception can be performed via
TCP_Send or TCP_Receive.

®  After initiating a connection request via TCP_Connect, the client waits up to 127 seconds. If the server does not
respond, the connection fails.
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Enable

e o
C T

Connected

Error ! !

: _|_ I
L

Error

8.11.4 TCP_Close Instruction (Close Ethernet Connection)

The TCP_Close instruction is used to close connections or terminate listening after communication completion.

TCP_Close
— Execute
I— Socket Done —
Busy —
Error—
ErrcerID—

/0 Name Data Type Appéllzarth])‘I;'f)Soft Range Description
IN Execute BOOL M/S TRUE, FALSE Rising edge trigger
IN Socket WORD Constant/D/R/W | - User-defined socket
ouT Done BOOL M/S TRUE, FALSE Execution completed
ouT Busy BOOL M/S TRUE, FALSE Executing flag
ouT Error BOOL M/S TRUE, FALSE Error flag
ouT ErroriD WORD D/R/IW Ox0~Oxffff Error ID

Function and Instruction Description

® After completing communication, use the TCP_Close instruction to close connections, stop listening, or
terminate active sockets.

® The TCP_Send instruction transmits data to a remote host after a successful connection is established between
the server and client.
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Execute U L

Done i

Busy

= e
L

ErrorlD

8.11.5 TCP_Send Instruction (Ethernet Data Transmission)

The TCP_Send instruction transmits data to a remote host after a successful connection is established between
the server and client.

TCP_ Send
— Enable
— Socket Done (—
— Buffer Busy —
— S1lze Error —
ErrorID —

110 Name Data Type Appéllzarth])é?ﬂ()Soft Range Description
IN Enable BOOL M/S TRUE, FALSE Enabled
IN Socket WORD Constant/D/R/W | 0~65535 User-defined socket
IN Buffer WORD Constant/D/R/W | Software address Start_address for
sending data
Data length and byte
IN Sizemte WORD Constant/D/R/W | 0~256 order configuration
(low/high byte).
ouT Done BOOL M/S TRUE, FALSE | | ransmission
completion flag
ouT Busy BOOL MI/S TRUE, FALSE | lTansmission in
progress flag
ouT Error BOOL M/S TRUE, FALSE Error flag
ouT ErrorlD WORD D/R/IW Ox0~Oxffff Error ID
The Size parameter has two functions:
1. Low byte (bits 0~7): Specifies the data length to be sent.
Note: 2. Highest bit of high byte (bit 15): Controls the byte order (high/low).
' Example: When using TCP_Send to transmit Buffer data 16#1234 with a length of 10 bytes:
If Size = 16#000A, the sent data is 16#1234.
If Size = 16#800A, the sent data is 16#3412.

Function and Instruction Description
® After a successful connection is established between the server and client, the TCP_Send instruction
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transmits data from the buffer to the remote host with the specified length. The Size parameter must be less
than or equal to the actual size of the data buffer (Buffer parameter); otherwise, there is a risk of out-of-

bounds data access.

ErrorlD

L

o

1

L
L

8.11.6 TCP_Receive Instruction (Ethernet Data Reception)
The TCP_Receive instruction retrieves message data sent from a remote host via a specified socket after a
successful connection is established between the server and client.

TCF_Receive
—{Enable
—Sacket Done |—!
— Buffer Busy [—!
—S1iza ReceivedSize —'
Error —:
ErrorID |—'
Applicable .
110 Name Data Type (Soft Element) Range Description
IN Enable BOOL M/S TRUE, FALSE Enabled
IN Socket WORD constantiDIRI | -65535 User-defined socket
IN Buffer WORD \(/:\;)nstant/D/R/ Software address 3;?2 address for receiving
IN Sjzenote WORD Constant/D/R/ 0~256 Buff_er Iength and byte order
W configuration
ouT Done BOOL M/S TRUE, FALSE Reception completion flag
ouT Busy BOOL M/S TRUE, FALSE Reception in progress flag
ouT RxSize WORD D/RIW 0~256 Received data length
ouT Error BOOL M/S TRUE, FALSE Error flag
ouT ErrorlD WORD D/R/IW Ox0~Oxffff Error ID
The Size parameter has two functions:
1. Low byte (bits 0~7): Sets the receive data length.
Note: 2. Highest bit of high byte (bit 15): Configures the byte order (high/low).
' Example: When receiving data 16#1234 with a length of 10 bytes:
If Size = 16#000A, the received data is 16#1234.
If Size = 16#800A, the received data is 16#3412.

Function and Instruction Description
® \When the Size parameter is set to 0, data is transmitted in string format, i.e., sending data from the buffer (Buffer
parameter) starting at the first byte up to (but excluding) the terminator (ASCII code 0).
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® The Size parameter must be less than or equal to the actual size of the data buffer (Buffer parameter); otherwise,
there is a risk of out-of-bounds data access. After a successful connection is established between the server and
client, message data sent from the remote host is stored in the socket buffer. Use the TCP_Receive instruction
to retrieve received message data from the specified socket buffer.

wwe [T L L
Done : [} ; 3

Busy I | f

Error i é

ErrorlD 4444444444(_L—(___L—

8.12 TCP Server Communication Example

SH311 operates as a TCP server using the TCP_Listen instruction for listening, with Port=100 (configurable 0-
4095). After accepting client connections, it can receive data from clients and send data back.
Software Configuration:

SH523: IP 192.168.1.12 (Client)

SH311: IP 192.168.1.10 (Server)
TCP Server Function Implementation:

1. The server receives data 16#7B sent from the client and stores it in register D1000. as shown in the figure
below:

Bl ===

Note:

»  When the PLC acts as a server, the TCP_L.isten instruction automatically generates a socket ID upon successful
connection. The Socket parameter for both server-side receive and send instructions must be identical; otherwise,
error code 1809 will occur.

» IPAddress parameter configuration in TCP_Connect: For example, the server IP address 192.168.1.10
corresponds to 16#C0A8010A.

8.13 TCP Client Communication Example

SH523 operates as a TCP client with Port=100, sends a connection request to the server at 192.168.1.10, and
transmits 20 bytes after establishing the connection.
Software Configuration:

SH523: IP 192.168.1.12 (Client)

SH311: IP 192.168.1.10 (Server)
TCP Server Function Implementation:

1. The client sends data 16#7B, which the server receives and stores in register D1000.
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8.14 TCP Freeport Error Codes

When using the Ethernet freeport protocol, incorrect instruction parameters will trigger the following errors:

Error Code Description
1800 Socket ID error
1801 Socket port error
1802 Socket port or ID already exists
1803 Failed to create Socket listener
1804 Failed to bind Socket port
1805 Max. number of socket ports exceeded
1806 Socket pointer error
1807 Socket listener port already closed
1808 Socket connection port already closed
1809 Socket closed
1810 Socket data reception error
1811 Data sent via unconnected Socket
1812 Multiple consecutive Socket data transmission errors
1813 Socket data size exceeds limit
1814 Host disconnected
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9 CAN Communication

CAN Communication

9.1 Overview

The SH series (SH311/SH522/SH523/SH524) features a built-in CAN communication interface that supports
the CANopen communication protocol. Using CANopen, the system supports the extension of up to 31 slaves (with

16 recommended).

9.2 Hardware interface

The CANopen hardware interfaces are described in the table below:

Terminal Interface Terminal A (Left Terminal B (Right Side)
Side)

85 RS-485+ RS-485-

e CAN (H) CAN (L)
" 4 GND
o +24V oV
+24V 10V
—pe—p

Termination Resistor DIP Switch
The termination resistor DIP switch is located below the left extension interface. ON indicates the termination

resistor is connected (defaulted). The switch diagram is as follows: Switch 1 for RS485 communication, and switch
2 for CAN communication.

1. 2.

9.3 CAN Communication Networking

When configuring a CAN network, all three wires (CAN_H, CAN_L, and GND) of each device must be
connected in a one-to-one correspondence. Both ends of the bus must be terminated with a 120Q CAN bus
termination resistors. The SH master has a built-in resistor, which can be enabled/disabled via the DIP switch,

defaulting to ON.
The CAN wiring diagram for a multi-device network is as follows:

CAN Bus

CANL \ /
/ _GND_\ M= =
I \_/
\') .

L

=

CANH CANL GND
E DIP switch

Slave 1

-/ —=

\/ 1 terminal
| resistor

E DIP switch

Slave N

\_/"\
\—/"\

Set to ON via communication
matching resistor DIP switch

VH master

Note:
>  The GND of all devices must be connected together.
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9.3.1 Relationship Between Distance and Baud Rate

The relationship between supported baud rates and communication distances for CAN communication is shown
in the table below:

Baud Rate (kbit/s) Distance (m) Min Wire Diameter (mm= Max Nodes
1000 20 0.3 18
500 80 0.3 31
250 150 0.3 31
125 300 0.5 31
100 500 0.5 31
50 1000 0.7 31
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9.4 CANopen Protocol

The SH series supports the CANopen communication standard DS301.

Software Function Master Slave
Supported Protocol DS301Vv4.02 DS301Vv4.02
Max TPDO 64 4
Max RPTO 64 4
Slave Nodes 30 /
Data exchange elements D0~D7999 (configurable) | SD400~SD415 (receive area)
SD432~SD447 (transmit area)

9.4.1 CANopen Indicators
During CANopen communication, the operation status can be determined via the CANopen indicators, as shown
in the table below:

LED State CAN (Green) ERR (Red)
OFF Unconfigured No error
ON Operation status System error
Flash Communication error CAN communication error or system error

9.4.2 CANopen Terms

® NMT (Network Management): Manages application layers, network states, and node ID allocation, and operates
in a master-slave mode: only one NMT master and multiple slaves are allowed in a CAN network. It is primarily
used to control slave states.

® SDO (Service Data Object): Accesses data in a slave device's object dictionary via index and sub-index, mainly
used for slave configuration. Each SDO frame requires an acknowledgment reply.

® PDO (Process Data Object): Transmits real-time data, limited to 1 to 8 bytes. PDO transmission includes
synchronous and asynchronous modes. PDO frames are the primary data exchange frames after slave
initialization.

® SYNC (Synchronous Service): Uses master-slave mode. The SYNC master periodically sends SYNC objects,
and SYNC slaves synchronize task execution upon receipt. It is primarily used for synchronous PDO
transmission.

® COB-ID (Communication Object Identifier): Each CANopen frame starts with a COB-ID, which acts as the
communication object identifier in the CAN frame. The COB-ID is not equal to the slave ID but is typically
initialized by default to correlate with the slave ID.

9.5 CANopen Configuration

9.5.1 Master Configuration

1. Open AutoSoft software, double-click "CAN" under the Communication Config, select "Master" as the
protocol type, set the Station Number and Baud Rate as required, and click "OK". The CAN interface is
then configured as a CANopen master.

FI FC Function ) G =
E) Data Block LG
System Block
& Extension Modules Protocol type: Master v
@ E-CAM Communication Parameters
£2 Cross reference table
£ Element browse table Station number: (1~63) 63
= Element monitoring table
El Element Memory Table Baud rate: 500Kbps M
= Instruction Wizard
=« Communication Configuration Synchronization Parameters
= COMO
-« COM1 Synchronization message COB-ID: 0x80
= COM2
CAN > Synchronization message cycle: ms 200
& M EtherNet
@ Axis Config Heartbeat Parameters
¢ Axis Group Config
EtherCAT Master station heartbeat generation time: ms 300
&
= PLC Communication
oK ‘ Cancel

2. Right-click CAN -> Add Config. After adding, double-click CANopen Config, as shown below.
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3. Add CANopen slaves by double-clicking or dragging them in the CANopen Device List, as shown below.

M MAIN £} CANOpen Config*
¥ CANOpen Debug
¥ CANOpen Network
¥ (63)Master VH523
¥ (1) VEICHI_PLC v1.2
¥ (2) VEICHPLC V1.2
¥ (3) VEICHI PLC V1.2

F CANOpen Device List
# veichi

C T )

2

|
=

LG viZ VEICHLPLE v1.2

‘_‘l;

VEIGHL

4. If aslave is not listed, right-click on CANopen Device List, select Add EDS (EDS files can be obtained
from the device supplier), or manually copy the EDS file to Installation Path > Config Folder and restart

the software.

s s . , v AN
# Global Variable "XEZEZ: Network v # veichi AdaEDS
System Variable ¥ (63)Master VH523 o - AC300
McAxis ¥ (1) VEICHI_PLC v1.2 " AC310
ECATMaster ¥ (2) VEICHI I‘[(Vvlz - SD710 _servo
_ECATSlave ¥ (3) VEICHI PLC v1.2 VEICHI PLC v1.2
Element Comment veichi_servovl 0
Struct .

2 Program Block L
¥ MAIN
?’5:‘,‘?: VEICHI_PLC.v12 VEICHI_PLC. 12 VEICHLPLC_v1.2
¥ FB Function Block
¥ FC Function
Data Block
4 System Block
© Extension Modules
@ E-CAM
Cross reference table

Function Block Data
Variable Table ! 2 3
VAR 1 "
L ] IL

Flement browse table
= Element monitoring table
Element Memory Table
+ ¥ Instruction Wizard
« Communication Configuration
« COMO
- COM1
-« COM2
CAN

[l CANOpen Config|

Master Configuration
1. Setmaster parameters by double-clicking the SH master in the network. The following window will appear:
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Il MAIN £3 CANOpen Config * x
# CANOpen D
¥ veichi

eichi
AC300
g
x4

]

(1) VEICHI_PLC v12
(2) VEICHI_PLC v1.2
(3) VEICHI_PLC v1.2

Heartbeat Parameters

VEICHLPLC V1.2

Enable heartheat production

COB-ID(0x): Production time(ms)

Master Parameters Description

ltem

Description

Master Node
ID

Set the master node ID. When this ID matches the PLC’s own station number, the PLC is
initialized as a CANopen master.

Baud Rate Effective communication baud rate for the master.
Prohibit SDO
and NMT . . . . . . .
. When enabled, online debugging functions are disabled during program execution. This
access during L .
restriction applies only to background software.
program
execution

Ignore error
and continue to

When enabled, configuration proceeds even if errors occur (except validation errors). This

configure all applies to all slaves. If disabled, the master broadcasts a reset to slaves upon SDO errors.
SDO
Enable sync \(/r\T/]lSn enabled, the master sends Sync frames cyclically at the interval set in Sync Cycle
production (Note: Only one Sync frame transmitter is allowed in the network.)
COB-ID Sync frame COB-ID. Default: 0x80 (hon-configurable). Sync Cycle (ms): SYNC frame
transmission interval. Default: 200 ms. Window Length (ms): Default: 0 (non-configurable).

Enable When enabled, the master sends heartbeat frames cyclically at the interval set in Production
heartbeat Time (ms). Production Time (ms): Heartbeat transmission interval. Default: 300 ms.

. (Note: The master’s default heartbeat consumption time is 2.5% the heartbeat production
production time.)

. SDO response wait time. Default: 500 ms. SDO frames are primarily used for network
SDO Timeout . . - - - . .
Period configuration. If no response is received after 3 retries, the master declares a timeout. This

value defines the wait interval per frame.

Start address of
monitoring
register

The online status of nodes will be updated to the designated register (default: D7800

(configurable)).
Value Status
0 Initialization
4 Stop
5 Operation
127 Pre-run
255 Offline

Master Node List Configuration
1. Node configuration is primarily used to map slave receive and transmit addresses, as shown below.
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=

Master
Master Station Configuration | Node List Configuration

18 Automatically allocate PDO mapping register Start address of receive mapping register (D):

7000
Reset PDO mapping register
Start address of send mapping register (D)

7400

Not configured node: Already configured node:

NodelD  Device Name Mode-ID Device Name

VEICHI_PLC_v1.2

2 VEICHI_PLC_v1.2

3 VEICHI_PLC_v1.2
Recelve PDO mapping register Transmit PDO mapping register
Address Index Subindex  BitLen Address Index Subindex  BitLen
D7000 1400 2109:1 16 7400 1800 2108:1 16
D7001 1400 2109:2 16 D7401 1800 2108:2 16
7002 1400 2109:3 16 D7402 1800 2108:3 16
7003 1400 2100:4 16 7403 1800 2108:4 16

oK Cancel

Description

® Automatically allocate PDO mapping register: When enabled, register addresses for master-slave data exchange
are automatically assigned; when disabled, manually set the start address for each PDO (default: enabled).

® Start address of receive mapping register: Auto-assigned start address for data transmitted by the master
(meaningful only when “Automatically allocate PDO mapping register” is enabled).

® Slave address of send mapping register: Auto-assigned start address for data received by the master (meaningful
only when “Automatically allocate PDO mapping register” is enabled).

Network Status
Start Monitoring/Stop Monitoring: Click to start/stop monitoring information on this page.

I MAIN & CANOpen Config =

EICHI PLC 1.2

CANOpen Debug

Dlagnostc Tnformation NMT Camemand

o Start Node Stop Nade Prenur

D0 error step: Reset Modk Resat Communication

Draanestc stina:
00 Operation
Indests62): Sab Indeat 162
Create Time ErorCode  Emoegster  MFR ErrCace(162) 100 a
Dutaype Value Hexadscimal numi s

Unsigned 32

Read SDO Clear Result

Result

155G roreereeeeres

Parameter Descriptions:
® Network Load: Monitors network load in real time.
® Network Status: Displays the operation status of current network nodes. Monitoring is meaningful only for the
master. Status values are sourced from the node status monitoring register.
® Emergency Error Message: Displays emergency error messages in the network. Monitoring is meaningful only

for the master. The PLC master caches only the latest error message. Up to 5 messages are cached if the
background remains open.

SDO Configuration Node Number: Node ID with SDO configuration errors.

Error Step: ID of the SDO error. Refer to the "Service Data Object™ tab of the corresponding slave for details.
Error Code: SDO error codes. (CANopen standard error codes).

9.5.2 Slave Configuration

This section describes the CANopen slave configuration process and parameters using the SD710 slave as an
example.

(1) Slave Node Configuration

1. Drag the slave into the configuration and double-click the slave in the network to open the dialog box, as
shown below:

-157 -



CAN Communication

SH100/300/SH500 PLC Programming and Application Manual

(2) Parameter Description

Item Description
Slave Node ID Node ID of the slave to be configured.
Ignore error and continue Enabled: Configuration continues on errors (except validation errors).
to configure SDO Disabled: Configuration halts on errors, and the master stops the entire network if

it is running.
This function is disabled by default.

Create all SDO

When enabled, all writable object dictionary entries in the EDS are added and
initialized during configuration. This function is disabled by default.

Not initialized

When enabled, the slave skips initialization (selectable only when using default
configurations). This function is disabled by default.

Factory Setting

'When enabled, additional operations can be selected.

(Default: disabled; this option requires support from the selected slave device).
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(3) Error Control Setting

Item

Description

Error Control

Node Protection

When enabled, node protection is activated for the slave (default:
disabled).

Node protection timeout = protection time xlifecycle factor.

Node protection is a mutual monitoring mechanism between master
and slave via acknowledgment frames. Heartbeat and node
protection are mutually exclusive.

Protection time (ms): Node protection interval, defaulted to 200 ms.
Lifecycle factor: Node protection factor, defaulted to 3.

Heartbeat Production

When enabled, the slave generates heartbeat frames (default:
enabled). The master monitors the slave’s heartbeat status by
default.

Heartbeat Production Time (ms): Heartbeat transmission interval.
Heartbeat Attribute: Configures the slave to monitor heartbeats from
other nodes (default: disabled; requires slave support for heartbeat
monitoring).

Synchronize Objects

When enabled, the slave sends Sync frames cyclically at the interval
set in Sync Cycle (ms).

COB-ID: Sync frame COB-ID, defaulted to 0x80 (non-
configurable).

Sync Cycle (ms): Sync frame transmission interval, defaulted to 200
ms.

Window Length (ms): Default: 0 (non-configurable).

Note: Only one Sync frame transmitter is allowed in the network.

Emergency Message

When enabled, the emergency message COB-ID is configured
during configuration (default: disabled).

Check When Restart

Vendor ID Check, Product ID Check, Version Check: When
enabled, the corresponding validations are performed before slave
configuration begins. If validation fails, the network cannot start.

9.5.3 PDO Mapping Configuration
Receive PDO (RPDO): Data transmitted from the master to the slave.
Transmit PDO (TPDO): Data transmitted from the slave to the master.
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Slave X

Slave Node Configuration PDO Mapping Configuration  Service Data Objects

RPDO/TPDO Name Index Sub index Bit Len Address COB-ID Type

— ¥ RPDO Receive PDO1 parameter 1400 16 201 255
control word 6040 0 16 D7000

— ] RPDO Receive PDO2 parameter 1401 0 301 255

— [ rPDO Receive PDO3 parameter 1402 0 401 255

— ] RPDO Receive PDO4 parameter 1403 0 501 255

- TPDO Transmit PDO1 parameter 1800 16 181 255
status word 6041 0 16 D7400

— [ TPDO Transmit PDO2 parameter 1801 0 281 255

— [ TPDO Transmit PDO3 parameter 1802 0 381 255

— [ TPDO Transmit PDO4 parameter 1803 0 481 255

Add Delete Fold/UnFold PDO Properties

Cancel

(1) PDO Enable
Enable PDO: Check the checkbox to enable the PDO. Default-enabled PDOs from the slave’s EDS file are pre-
checked.
(2) PDO Mapping Edit
Click “Add”, select the desired PDO mapping, and click “OK”, as shown below.

<
i Slave Node Configuration PDO Mapping Configuration  Service Data Objects E
{ T
{ Index  Subindex  Bitlen  Address COB-D  Type isc
Control viord 6040 0 16 07000 1o
— [ RPDO Receive PDO2 parameter 1401 0 301 55 hst
— [ RPDO Receive PDO3 parameter 1402 0 401 255 op
— [0 reDO Receive P pdd x
— ¥ TPDO Transmit
status wor | ndex Subindex  Name Access Type  DataType Default Value A~
= [ P00 T + 1800 0 Transmit FDO1 parameter RO
= [ P00 T + 1801 0 Transmit FDO2 parameter RO
= [ P00 LTI + 1802 0 Transmit FDO3 parameter RO
+ 1803 o Transmit PDO4 parameter RO
+ 2000 o FnOFundamental Parametre RO
+ 2001 o Pn1Gain Related Parameter RO
+ 2002 0 Pn2 Positional related RO |
+ 2003 0 Pn3 Speed refated RO
+ 2004 0 Pn4 Torque related RO
+ 2005 0 PnS JOG related RO
+ 2006 ] Pn6 Digital Input/Output Related RO
+ 2007 ] Pn7 Extension related RO
6040 0 control word W Unsigned 16 0x0000
6058 ] Shut Dovm Option w Unsigned 16 0x0000
605E ] Fault Action w Unsigned 16 0x0000
6060 ] modes of operation w Integer 8 0x00
6065 ] following_error_windowr w Unsigned 32 0x003A9800 .
cnes o eitices i o, - Vi don
Name: Bit Length:
\ | |
—; Index(16#): Sub Index(16#):
- \ | |
DataType:
\ |
Add Cancel

To delete a PDO rhépping, check the target PDO and click “Delete”.

9.5.4 PDO Property

Double-click a PDO to access its property settings, as shown below:
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Slave Node Configuration FDO Mapping Configuration  Service Data Objects

RPDO/TFDO  Name

- Receive PDO1 parameter

=[] RPDO D02 paramater 1401 301 255
— [ RrPDO D03 parameter 1402 0 401 255
=[] RPDO D04 paramater ) 501 255
— ¥ TPDO PDO1 parameter | PO Properties X 181 255
status viord S 7400
- [ TPoO Transmit PFDO2 parameter 281 255
=[] TPDO Transmi it PDO3 parameter 381 255
— [0 TPoO Transmi it PDO4 parameter O () 481 255

Index  Subindex  Bitlen  Address COB-D  Type
T N A I TS P
0 16
0

D7000

Transmission type:

255(Asyn-device profile specify) v
Inhibit time(x100us):

[ |
Event time(ms):

[ |

Add Delete Fold/unFold PDO Properties

(1) COB-ID
The ID used for PDO transmission. According to CANopen DS301, the first four PDOs have default COB-1D

initial values; others require manual configuration (if supported by the slave). Configuration rules: No duplicate
COB-IDs are allowed in the network, with valid range of 0x180~0x57F.

Transmission Type Transmission Trigger Activation Condition

Loop-Sync (Type 0) Data changes + a Sync frame received Activated after receiving a Sync
frame.

Loop-Sync (Type 1~240) After specified Sync counter reached Activated after receiving a Sync
frame.

Async-RTR only (Type 252) N/A N/A

Async-RTR only (Type 253) N/A N/A

Async-vendor specific (Type 254) Vendor-defined Vendor-defined

Async-device profile specify Async-device profile specify (Type 255) Immediately effective

(Type 255)

Note:
»  When using synchronous transmission types, ensure sync production is enabled on a node (typically the master).
® Sync Counter
Valid when Loop-Sync (Type 1~240) is selected. Set the Sync counter value.
® Inhibit Time (100us)
Configurable for Async-device profile specify (Type 255). 0: Disabled; Non-zero: Minimum interval
between frame transmissions.
® Event Time (ms)
Configurable for Async-device profile specify (Type 255). 0: Disabled; Non-zero: Periodic transmission
interval, subject to the inhibit time.
Example: The figure below illustrates settings for Loop-Sync (Type 1~240).

Take effect upon async PDO
Sync number 2 Take effect at next Sync PDO receipt
Fl
= L] n ™ " "
] . N '
o

. * |

Sync frame Sync PDO Async PDO

9.5.5 Service Data Objects (SDO)

1. Click “Service Data Objects” to access the SDO interface. This interface displays SDO configuration data
automatically generated based on user settings.
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Slave Node Configuration PDO Mapping Configuration | Service Data Objects

ftructic

2. Click “Add” to create a user-defined configuration, primarily used to assign initial values to the slave’s

object dictionary.
Edit: Modify user-defined configurations.
Delete: Remove user-defined configurations.

9.5.6 Online Debugging

1. Click “CANopen Debug” to access the debugging interface, as shown below:

I MAIN ' ¥ CANOpen Config x

¥ (1) veichi_servov1.0

N |

CANOpen Debug

Vol S ——

Diagnostic Information

Gnline status: Intialzation
500 error step:
Dingnostic string:
Emergency error message
Create Time EmorCode  ErrorRegister

Nurmber Index Sub index Name Value Bit Len Download A lsonin
1 1000 00 Device Type OxFFFF0402 16 ind col
2 1018 01 Vendor 1D 0xF0000285 16 1 contr
3 1018 02 Product code 0x0006 16 nsmiss
4 1018 03 Add %
5 1400 01
4 L0 e Index Subindex  Name AccessType  DataType Default Value A
7 02 o + 2000 0 PnOFundamental Parametre RO
8 1403 01
o 1600 0 + 2001 0 Pn1Gain Related Parameter RO
10 501 P + 2002 0 Pn2 Positional related RO
o e = + 2003 0 Pn3 Speed related RO
o G o + 2004 0 Fnd Torque related RO
= B i + 2005 0 PN JOG related RO
14 1801 o1 + 2006 0 PN6 Digital Input/Output Related RO
15 1802 o + 2007 0 Pn7 Extension related RO
16 1803 o1 6040 0 control word ™w Unsigned 16 0x0000
17 1A00 0 6058 0 Shut Down Option w Unsigned 16 0x0000
18 1A01 00 605E 0 Fault Action w Unsigned 16 0x0000
19 1A02 00 6060 0 modes of operation W Integer § 0x00
20 1A03 00 6065 0 following_error_window ™w Unsigned 32 0x003A9800
21 1400 02 6067 0 position_windovs w Unsigned 32 0x00000064
22 1600 01 6068 0 Position window time w Unsigned 16 0x0000
3 1800 02 606D 0 velocity window w Unsigned 16 OX0DDA
24 1800 03 606E 0 Velocity window time w Unsigned 16 0x0000
25 1800 05 snsc n Fere \rrlocite thenchald Vecinnnd 12 nunnna hd
26 100 ot Name: Bit Length:
27 1600 ; 47‘ ‘ ‘ ‘
Add Index(16#): Sub Index(16#):
\ | | |
DataType: Vvalue:
\ || |
Add Cancel

| Instruction Tree

= F" CANOpen Device List
i veichi +H Basic instructions

#H Comparison instruction

= AC300
- AC310 7 H Timing and counting in:
= SD710 servo #H Program control instruc

x

1~ ‘Stp Manioring ‘

NMT Command

|
Start Nade Stop Nade Fre-ru |
|
Reset Node Reset Communication |
500 Operation
Index{164): Sub Index{16%)
MFR ErrorCode(16%) 1000 > e
DataType: Value: Hexadeomal number
unsigned 16
Read SD0 Cear Result
Result

CANopen Debugging

Item

Description

NMT Command

Start Node

Sends a Start Node command to the slave.

Stop Node

Sends a Stop Node command to the slave.

Pre-run

Sends a Pre-run command to the slave.

Reset Node

Sends a Reset Node command to the slave.

Reset
Communication

Sends a Reset Communication command to the slave.

Service Data Objects
(SDO)

Index & Sub-index

Selectable only from the object dictionary entries provided
in the slave’s EDS.

Value

Data to send or received data.

Bit Length

Automatically generated based on the object dictionary in
the EDS (hon-editable).

Result

Error information.

Read SDO/Write

Executes read/write operations on the object dictionary.
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SDO
Online Status Current slave state (based on heartbeat or node protection
feedback).
Diagnostic Information SDO Error Step Step number of SDO errors encountered during

configuration (corresponds to entries in the SDO tab).
Diagnostic String  |Current error message (SDO error).

Emergency Error Displays emergency error frames in the network (real-time
Messages monitoring; up to 5 cached in background, but PLC retains
only the latest error).

Note:
»  If “Prohibit SDO and NMT access during program execution” is enabled in the master, this feature becomes
unavailable.

9.6 CANopen Troubleshooting
9.6.1 Troubleshooting Methods

(1) Check Termination Resistors

Power off all devices. Use a multimeter to measure the resistance between CAN_H and CAN_L at either end of
the network. The value should be approximately 60 Q. Too low value indicates multiple termination resistors are
incorrectly connected beyond the two ends. Locate and remove the extra resistors. 120 Q value indicates that only
one termination resistor is connected, leading to poor communication quality. No termination resistors will lead to
communication fails. Ensure termination resistors are enabled at the first and last nodes in the network.
(11) Check Baud Rate

Verify that all nodes in the network are configured with the same baud rate. Baud rate settings take effect only
after power cycling or restarting the devices.

Refer to 9.3.1 Relationship Between Distance and Baud Rate for compatibility guidelines.
(111) Check Wiring

Connect the GND terminals of all CAN devices to ensure a common ground reference.

Inspect for short circuits between communication lines, shielded cables, and power supplies.
(1V) Other Considerations

If severe environmental interference persists, attempt to reduce the baud rate to improve communication stability.

9.6.2 EMCY Error Code
Table 9-1 (Hexadecimal)

EMCY Error Code Description EMCY Error Description
Code
00xx No error 50xx Device hardware
10xx General error 60xX Device software
20xx Current 61XX Internal software
21xX Device input current 62xX User software
22XX Device internal current 63XX Data settings
23xX Device output current 70xx Additional modules
30xX Voltage 80xX Monitoring
31xx Power supply voltage 81xx Communication
32XX Device internal voltage 82xX Protocol error
33xX Output voltage 90** External error
40xx Temperature FO** Additional functions
41xx Ambient temperature FF*>* Device-specific
42XX Device temperature
Table 9-2 (Hexadecimal)
EMCY Error Code Description EMCY Error Code Description
0000 Error reset or no error 6300 Data settings
1000 General error 7000 Additional module error
2000 Current error 8000 Monitoring error
2100 Device input current 8100 General communication error
2200 Device internal 8110 CAN communication overload
current
2300 Device output current 8120 CAN passive mode error
3000 Voltage error 8130 Node protection or heartbeat
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error
3100 Power supply voltage 8140 Bus-off recovery
3200 Device internal 8150 CAN-ID collision
voltage
3300 Output voltage 8200 Protocol error
4000 Temperature error 8210 PDO length error
4100 Ambient temperature 8220 Oversize PDO length
4200 Device temperature 8240 Unrecognized SYNC data
length
5000 Device hardware error 8250 RPDO timeout
6000 Device software error 9000 External error
6100 Internal software F000 Additional function error
6200 User software FFOO0 Device-specific error

9.7 CANopen Axis Control Instructions

9.7.1 Axis Control Instructions List
The CANopen axis control module includes two instruction sets: CANopen Integer Axis Control Instructions
and CANopen Floating-Point Axis Control Instructions. The integer instructions do not support the [Axis Parameter
Setting] function, and homing modes or torque functions require manual SDO parameter configuration.

Instructions Description Effective
MCPOWER Communication-controlled drive enable /
MCRESET Communication-controlled drive reset /
MCSTOP Communication-controlled drive stop /
MCHALT Communication-controlled drive halt /
MCRDPOS Communication-read actual position
MCRDVEL Communication-read actual velocity
MCRDPAR Communication-read drive parameter
MCWRPAR Communication-write drive parameter No
MCHOME Communication-controlled drive homing
MCMOVABS Com_mu_nication-controlled absolute

positioning
MCMOVREL Com_mu_nication-controlled relative
positioning
MCMOVVEL Communication-controlled velocity mode
MCIOG Communication-controlled jogging (velocity
mode)
MCRDPOS R Communication-read actual position
MCRDVEL R Communication-read actual velocity
MCRDPAR R Communication-read drive parameter Yes
MCWRPAR R Communication-write drive parameter Note: When using CANopen Floating-
MCHOME_R Communication-controlled drive homing E’O_int AXiS{ Controtl Ir)s{rucj[{ons, the
Communication-controlled absolute rive must support uint uni
MCMOVABS_R positioning conversion.
MCMOVREL R Commupication-controlled relative
- positioning
MCMOVVEL R | Communication-controlled velocity mode
MCJOG R Communication-controlled jogging (velocity
- mode)

9.7.2 Axis Control Command State Machine
AXis State Machine
Each servo actuator is treated as a motion control axis. Axis control follows the state machine below.
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MCMOVABS MCJOG
MCMOVEEL MCMOVVEL

Discrete
Motion

MCHALT
MCSTOP

MCHOME \

Stopping

Homing Standstill

Axis State Descriptions

State Description

Initial state after power-up.

Motion commands are invalid, and the servo actuator is disabled.

Transition ®: Upon valid MCPOWER command, master sends 0x06, 0x07, OXOF to
servo object dictionary (0x6040). Upon completion, servo enters enabled state.
Disable Transition @: For non-fault states, invalid MCPOWER command triggers master to
send 0x00 to 0x6040. Transition completes when servo feedback (0x6041) confirms
non-operational state.

Transition 3): In fault state, MCRESET triggers master to send 0x80 to 0x6040.
Transition completes when servo feedback confirms fault reset and disabled state.

Highest priority.
Transition D: Activated when a fault occurs in the axis or servo (402 state machine
transitions to fault state) in any state.

Some faults do not halt the servo.

Error Stop

Servo actuator is enabled and fault-free.

No active commands.

Standstill Transition @: Executed when MCRESET is applied in fault state while servo remains
enabled.

Transition ©): Activated upon completion of MCSTOP (busy flag cleared).

Stopping Executing a stop command with configured deceleration.

Executing MCMOVABS or MCMOVREL.
Discrete Motion Master sends OxOF and 0x1F to 0x6040.
The servo operates in PP control mode.

Executing MCMOVVEL or MCJOG.
Continuous Motion | Master sends 0xOF and Ox1F to 0x6040.
The servo operates in PV control mode.

Executing MCHOME.
Homing Master sends OxOF and 0x1F to 0x6040.
The servo operates in HM control mode.

9.7.3 Error Code Descriptions

Code Description
0 No error
1 Axis number error.
Axis number does not exist in CANopen configuration or PDO configuration error.
2 Instruction parameter error.
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Acceleration/deceleration < 0 for MCMOVABS, MCMOVREL, MCMOVVEL, MCJOG;
velocity <0 for MCMOVABS, MCMOVREL.
3 Parameter (position, home offset) value out of range. % 1
4 Parameter (velocity) value out of range. %2
5 Parameter (acceleration) value out of range. %2
6 Parameter (deceleration) value out of
range. X2
8 Instruction interrupted by another instruction, enable loss, or disconnection during execution.
9 Forward overtravel caused instruction termination. 33
10 Reverse overtravel caused instruction termination. %3
11 Homing failed.
16 Axis not enabled; thus instruction cannot execute.
17 MCRESET cannot execute unless in "fault stop" state.
18 AXis in "stop" state; instruction cannot execute.
19 Axis is homing; instruction cannot execute.
20 Axis in continuous motion; instruction cannot execute.
21 Axis is positioning; instruction cannot execute.
31 Axis in "fault stop" state; instruction cannot execute. %3
33 Ax‘:s remains in "stop" state or drive disconnected during execution; instruction cannot execute.
250 Axis enable timeout.
251 Servo/motor drive error. %3
255 Servo/motor drive disconnected. >3

- 166 -



EtherCAT Communication SH100/300/SH500 PLC Programming and Application Manual

10 EtherCAT Communication

10.1 Overview

EtherCAT is an open industrial Ethernet-based fieldbus technology featuring short communication refresh
cycles, low synchronization jitter, and cost-effective hardware. For EtherCAT principles and technical details, refer
to the Design and Application of Industrial Ethernet Fieldbus EtherCAT Drivers or visit the EtherCAT Technology
Group official website: https://www.EtherCAT.org.cn. The SH and SH500 series support standard EtherCAT
interfaces (1>RJ45 port), accommodate up to 72 EtherCAT slave nodes in a linear topology, and enable a minimum
bus cycle time of 1ms.

10.2 EtherCAT Interface Specifications

Item Specification
Transmission speed 100Mbps: 100BASE-TX
Modulation Baseband
Topology Line, Daisy-chain
Transmission medium Shielded twisted pair cables of Category 5 and above with aluminum foil and
braided mesh
Transmission distance Node-to-node distance: <100 m
Connection capacity 72

10.3 Master Configuration

10.3.1 Importing Device XML

Importing device XML refers to loading ETG (EtherCAT Technology Group) compliant device description files
(.xml) into AutoSoft programming software. After parsing, these files generate configurable EtherCAT devices for
user operations like addition or deletion. AutoSoft integrates common SLANVERT EtherCAT slave devices,
requiring no separate installation. Third-party EtherCAT devices must have their description files installed first.
Example: Importing SLANVERT SD710 drive.

1. Create a new project. In Project Manager area, right-click "EtherCAT"-> Add Device -> Import, as shown below:

Note:
» If XML import fails due to system permission restrictions, manually copy the XML file to the installation
directory \Config\xml, then reopen the software.

10.3.2 Scanning Slaves

1. Ensure the “Enable” control for the EtherCAT device in the current running PLC project is selected. If
unchecked, check it, then compile and download the project once, as shown below:
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INT_01 Basic Setting X
--[F| FB Function Block
[F] FC Function
-.[Z] Data Block Name: EtherCAT Master
System Block
--{1 Extension Modules
E-CAM | Enable Control: (O pisable @Enabie e
Cross reference table

PLC Type: ‘wszz

Cycle Time: 1000 ~ | us
Element browse table
=4 Element monitoring table Offset Time: ‘SU | E
% Element Memory Table Slave Number: ‘U
nstruction Wizard
%" Communication Configuration ﬂ [Juse trw £
-~ COMo / [J Allows mismatched number of slave stations -
- COM1
~~% COM2 [] configure the slave station separately
EH CAN
! - CANOpen Config [IKeep connected (not checking for disconnections)
M EtherNet [ Automatically restart the slave station

Axis Config

onfig

=% PLC Communication

System vanapie

2. Right-click EtherCAT -> Auto-Scan. A prompt will indicate that the PLC must be stopped, as shown below:

(] _McAxis

_ECATMaster | H
[]_ECATS lave i
Element Comment O S IafOmtOx; Scanned Stave Information: i
Struct ~|co EtherCAT Master H

Function Block Data H
Variable Table H

VAR_1 ]

= &% Program Block H
T MAIN H

5] SBR_01

11 INT 01

£] F8 Function Block H

F] FC Function i
[ te EtherCAT ? Thi ti
Data Block Do you need to update EtherCAT network data? This operation i

= will stop before running the PLC!
71 = System Block H

© Extension Modules H

R E-CAM = | Comment.
A s e = i

 Element browse table L : f
# ™ Element monitoring table 1]
Element Memory Table "

4 = Instruction Wizard H
. iy i
~|Gomment i

Update Cancel i

~ | Comment | AutoStudio H

-« COMO
- CoM1

- COM2 -t}
& CAN / il
© CANOpen Config @

™ EtherNet / 1
@ Axis Config = i |
: A 4l
(A 7

3. Click “Update” to let the software automatically detect connected slaves.
EtherCAT Automatically Scan X

Configured Slave Information: Scanned Slave Information:

EtherCAT Master

l

4.  After completion, the configuration updates as shown below:
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Variable Table
VAR_1
13 Program Block
 MAIN Comment EherCAT
5| SBR_01

Confiqured Stave Information: ‘Scanned stave Information:

T INT_01

F. FB Function Block —

E FC Function B
Data Block

= System Block e

© Extension Modules e | Autostudio

o Do you need to update EtherCAT network data? This operation
will stop before running the PLC!

a

= Inss izar Coment 1

&' Communication Configuration | TN

- como

= com1

- COM2
CAN

© CANOpen Config L
# EtherNet e —
€ Axis Config
is0

00_ECAT V12 G
00_ECAT V1.2 G
00 ECAT Vi2 G

Note:
»  EtherCAT slave scanning is only permitted when the PLC is in Stop mode.

10.3.3 Configuring the Master
1. Double-click EtherCAT in Project Manager area. Configure parameters such as Enable Control, Cycle
Time, and OH??E Titme for the EtherCA'Il' master in the Basic Settings panel, as shown below.

----- |=] Data Block Basic Setting . —
[ System Block

----- £} Extension Modules

A E-CAM Name: EtherCAT Master
£ Cross reference table
— PLC Type: ‘VH522 ‘
=2 Element browse table
= Element monitoring table Enable Control: (O pisable (@ Enable
@ Element Memory Table Cycle Time: 1000 - b3
= Instruction Wizard
=-%&" Communication Configuration iz Tz ‘ED ‘ %
-~ COMO Slave Number: ‘3 ‘
- COM1
= COM2 [Juse LRw
HE CAN [] Allows mismatched number of slave stations
{3 CANOpen Config £
- EtherNet [ Configure the slave station separately | S
=6 Axis Config
& Axis0 [Ikeep connected (not checking for disconnections)
£ Axis1 [ Automatically restart the slave station
£ Axis? L
3 Axis Group Confi /

— eres Cancel

£+ 0-SD700 ECAT V1.2 G
{31 -SD700_ECAT V1.2 G [ ‘

£3 2 - SD700_ECAT V1.2 G
=4 PLC Communication

Parameter Descriptions:

Parameter Description
Enable Control | Enable: Activates EtherCAT functionality; Disable: Stops EtherCAT operation.
Cycle Time Interval for EtherCAT data frame transmission and task cycle time.

Offset Time Percentage offset of the EtherCAT task relative to the SyncO interrupt of slaves.

Default: Unchecked (separate Logical Read/Write).

pse LRW Check to use combined Logical Read-Write.
instead of Note: For some slaves only support separate modes, leave unchecked
LWR/LRD ' Y sUpport sep ! '
Allow . S . . . .
. Check to permit slave initialization when configured slave count mismatched with physically
mismatched } . :
connected slaves. Unchecked: Configured slave counts must match the physically connected
number of slave ) .
stations slaves. Note: Excess slaves are treated as virtual axes.
Confiaure the Check to assign separate PDO packets per slave. Unchecked: All slaves share PDO packets.
gure Note: If unchecked, one slave disconnection will disrupt the entire network. If checked,
slave station . i . . .
separately disconnected slaves do not affect others; monitor offline slaves via system parameter

ECATSIave[x].ipackLossSign. X indicates 0~71 station number.

Keep connected
(not checking Check to trigger an alarm (without disconnection handling) for offline slaves. Offline status
for flags are not updated, preventing specific slave monitoring.

disconnections)

Automatically | Check to auto-restart slaves upon reconnection.
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restart the slave
station

Note: Enabling this restarts all slaves. To restart only offline slaves, also enable "Configure the
slave station separately."

10.3.4 Start/Stop/Disable/Enable
(1) Start/Stop Control
Supports starting and stopping the entire EtherCAT bus but not individual slaves. Operations include:
® \When the PLC transitions from STOP to RUN mode, the EtherCAT master starts automatically.
® \When the PLC transitions from RUN to STOP mode, the EtherCAT master stops automatically.
® The EtherCAT master can be restarted via instructions during PLC operation.

Note:

»  Only the entire EtherCAT bus can be started/stopped; individual slave control is unsupported.

(2) Auto-Restart

Call the E_RestartMaster instruction to restart the EtherCAT master, as shown below:

(3) Disable/Enable

mes
-

.
E_RestartMaster Master 0 T 1 Jiaster Done [T |E_Restartiaster_Done_0

Busy(—{ OFF |E RestartMa:
Error— OFF |E RestartMaster | i
EreorTd {0 ¢ Restartflaster_ErrorID_0

Busy 0

or 0

Double-click the EtherCAT, then select Enable or Disable in the Basic Settings panel.

F| FC Function

[E] Data Block

-E System Block

1 Extension Modules
B E-CAM

-2 Cross reference table

£ Element browse table
-® Element monitoring ta

[Z] Element Memory Table

= Instruction Wizard

-&" Communication Configuration

~% COMO
~% COM1

(. CANOpen Config
4 EtherNet
=1 Axis Config
L0 AvisO
141 Axist
L0 Axis2
-2 Axis Group Config

ER Y EtherCAT|

L-£} 0- SD700_ECAT V1.2_G

Basic Setting x

Name: EtherCAT Master

|VH522 ‘

| O bisable @ Enable |

Cycle Time: 1000 v ous

PLC Type:

ble Enable Control:

Offsat Time: |su ‘ %

Slave Number: ‘3 |

[ use LRw

[] Allow mismatched number of slave stations
[ configure the slave station separately =
[ keep connected (not checking for disconnections)

[[] Automatically restart the slave station

Cancel

i-£31-SD700_ECAT V1.2_G
L4} 2 - SD700_ECAT V1.2_G

- PLC Communication

10.3.5 Monitoring Master System Variables
Master status, such as running, stopped, connection state, connected slave count, and current sync cycle time,
can be monitored via the system variable ECAT Master.

System Variables Data Type Function
bMasterEnableState Master enable status. Becomes TRUE when the EtherCAT master
BOOL receives a run command and all slaves are activated. Note: Remains
TRUE even if partial slaves disconnect during operation.
bLinkState Master connection status. Turns ON if at least one slave maintains
BOOL . L .
physical connection; otherwise OFF.
dCycleTime DINT Master cycle time (ns). Current configured sync cycle time.
dTaskExeTime DINT Master task execution time (ns). Current sync cycle time of the
EtherCAT bus.
iMasterState INT Master bus state. Initialization states 1/2/4/8; state 8 indicates
initialization complete.
iSlaveNumber INT Number of connected slaves.
iDcSlaveNumber INT Number of DC-supported slaves connected to the master.
iLossPackeCounter INT Master packet loss cumulative counter
dPdolnLength DINT Master PDO input length (bytes).
dPdoOutLength DINT Master PDO output length (bytes).
iCyclelitter INT Master PDO output length
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iEthercatRun INT Master run flag: O=stop, 1=initialization, 3=running.

iScanReady INT Master scan status: 0=not ready, 1=ready.

10.4 Slave Configuration
10.4.1 Distributed Clock

1. Itisused to configure the slave's synchronous operation mode.

Project Manager 3 x [ MAIN | £ CANOpenConfip’ G 0- SD700 ECAT V1.2 G x -

ECATSlave ~
- Synchranization Mede Selection:

Element Comment E—
Struct p—— I 0C-Synchron-#x0300
Function Block Data Enable DC Synchronizaton Events.
Variable Table Process Data .
VAR_1
25 Program Block
i MAIN Y0 Mapping [ enable Synco
3] SBR 01
I INT_01
[E! FB Function Block
Fl FC Function () User Customize

Synco

@) Synchronization Unit Cycle

X - Cycle Time(us)

Data Block o Crcle Time{us)
i1 System Block

@ Extension Modules

@ E-CAM
ross reference table [ enabie symet

Synct

£ Element browse table
i/ ® Element monitoring table o Office Time{us]
Element Memory Table
4 5 Instruction Wizard
~ Communication Configuration Office Timefus)
- COMOD
- Ccom1
- COM2
cAN
O CANOpen Config
# EtherNet
@ Axis Config
0 Axisd
£ Axis1
@ Axis2
Axis Group Config
& EtherCAT
o
€ 1-SD700_ECAT V1.2.G
@ 2-SD700_ECAT V1.2.G
i -4 PLC Communication

Function Parameter Description:
Sync Mode Selection: Options typically include FreeRun (free-running), SM-Synchron (synchronized to 1/0
events), and DC-Synchron (synchronized to Distributed Clock). Supported modes vary by slave.
(1) Take SH-ECT coupler as an example:
It supports SM-Synchron mode and SYNCO/SYNCI configurations are unavailable. The slave’s internal
clock triggers interrupts only for data 1/0 events. Internal logic is as shown below:

Data I/O event Cycle time Data I/O event

Data frame Data frame

Program
execution time

(2) Take SD710 drive as an example:
It supports DC-Synchron mode only and SYNC interrupts are configurable.
Default settings: DC sync event enabled, SYNCO interrupt enabled (cycle matches master cycle time), and
SYNCL interrupt disabled.

Data 1/O event Data /O event
_Sync 0 Sync0
interrupt interrupt

Cycle time

Program >| Data frame

execution time

Data frame

Note:
> In DC-Synchron mode, avoid modifying default configurations unless fully understanding EtherCAT
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communication principles.

10.4.2 Process Data
1. The Process Data interface is used to configure PDO. Example interface:

[l MAIN | £} CANOpen Config’ { 0-SD700 ECAT V122G x =
Base Information - . Fold Show Al . .
General Setting

Input/Output  Name Index Subindex  Bitlen Flag SM  DataType
~ [ output 1st RXPDO Mapping 0x1600  0x00 72 Editable
Control Word 046040 0300 16 UNT
Startup Parameter TargetPosition OxX607A 0x00 32 DINT
Maodes of operation 0X6060 0300 8 SINT
1/0 Mapping
— [ output 2nd RxPDO Mapping Ox1601  0x00 80 Editable 2
Control Word 0x6040 0300 16 umT
TargetPosition 0X607A 0300 32 DINT
TargetVelocity 0X60FF 0300 32 DINT
=T output 3rd RxPDO Mapping Ox1602 000 a8 Editable
Control Word 0x6040  0x00 16 umT
Targetvelocity O0X60FF 0500 32 DINT
— [ output 4th RXPDO Mapping 0x1603  0x00 2 Editable
Control Word 0x6040 000 16 UNT
TargetTarque 0x6071  0x00 16 g
— [0 mput 1st TXPDO Mapping 0X1AD0  0X00 128 Editable
Status Word 046041 0300 16 Ut
ActualPosition 0x6064 000 2 DINT
Touch Probe Status 0x6089  0x00 16 umT
Touch Probe Post Fos Value 0X60BA 0300 32 DINT
Digital inputs 0X60FD___ 0300 32 UDINT
— [ put 2nd TxPDO Mapping 0xiA0L  0x00 80 Editable 3
Status Word 0x6041 0300 16 umT
ActualPosition 0x6064 0300 32 DINT
Velocity actual value 0X606C 0300 32 DINT.
— 1 tnput 3rd TXPDO Mapping 0xiA02 000 80 Editable
Status Word 0x6041  0x00 16 umT
ActualPosition 0x6064 0300 32 DINT
Velocity actual value 0%606C 0300 2 DINT
— O mput 4th TXPDO Mapping 0x1A03  0x00 64 Editable
Status Word 0x6041  0x00 16 umT
ActualFosition 06064 000 2 DINT
ActualTorque 046077 0300 16 g
< >

PDOs are categorized by data direction:
® Output PDO: Data sent from EtherCAT master to slave (e.g., control word 0x6040).
® Input PDO: Data sent from EtherCAT slave to master (e.g., status word, feedback speed/position).
® A slave may have single or multiple PDO groups. As shown above, the second input/output PDO groups
can be edited (add/modify/delete).
2. Adding a PDO:

M MAIN '3 0-SD700 ECAT V12 G x | Instruction Tree
[

B: Informati r
e nformation [ ] Delete Fold Snaw Al +| @ Basic instructions

General Setting #H Comparison instructions

TputOutput  hame Index Subindex  Gitlen Fiag SM  DataType 4 B Timing and counting instructions
Output 15t RePDONgepping 01600 0wd0 7 Editable L8 proaram eontrol instructions.
control Wordd Add x
Stortup Parameter TergetPosition
10 Mapping Mades of operali | pdex Subindex  Name AccessType  DataType  Default Value ~
Touch Probe Fu 02000 0x00 P800 Store Fara or Not RW UNT 0x1
E o201 00 Fnd01 Prevent overflow function RW UNT o
Gondrol Word 02002 0x00 FA902 Set PosAc 0 RW UmT 00
TargatPosition 6040 000 Contrabword RW UmT L
Targetvelocity 06058 0x00 Shutdown option code RW T 0
~ 7 owpat  IdRF0OMaE | oueose  0ed0 Fault redction option code AW T 00
Targetvelocity %6065 Ox0 Following error windows RW UDMT o
Output 4th RxPDO Mapp| 6067 0x00 Position window RW UDINT 064
Control Word 0x6068  0xDO Fosition vandow time RW Ut o
TargetTorque Ox6060  Oxl0 Welocity window RW UINT Ouid
— 1 [1nput 15t TXPDO Mapp Ox06E  0xD0 Velocty vindow time AW umT o)
Stabus Word ORG06F 00 Welocity threshold RW UINT 04
AdualPosition 06070 000 Velocity threshold Time RW UINT 00
Touch Frobe Sk ©H071 0600 Target torque RW T o0
Touch Probe Fos | gu5072 0o Max torque W umT @88
Digital inputs o 00 Target position RW DINT od
— @ Input 2nd TxPDO Map| > unn i affnne o P F b
Status Word Name: Bit Length:
AdtuslPosition [ 3
Velocity actual v t
put 31d ToFn0 Mapp|  Index(16): ST
Status Word 0x5060 L
Actualposiion
Veloaty actual vy DRtATYPED
— | input 4th TxPDO Mapp| |STHT
Status Word
ActualTorque =

(D Select a PDO in the second group.

@ Click Add.

3 Select 0>6060.

@ Click OK.

3. When a slave has multiple PDO groups, mutual exclusion relationships may exist between groups (e.g.,
SD710) where only one group can be selected at a time. These mutual exclusion relationships vary
depending on the slave.
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[l MAIN" £} 0 -SD700 ECAT V126 x -
Base Informatien Add Delete Fold Show All |
General Setting
Input/Output  Name Index Subindex  Bit Len Flag SM  DataType
(B ouowt|istrenomiaping ———Jouoo oo |72 |edwbe | | |
Control Word 06040 0x00 16 UNT
Startup Parameter TargetPosition Ox607A OO0 32 DINT
Modes of operation 0xG060  0x0D 8 SINT
1/0 Mapping
Touch Prabe Function 0x6088 000 16 UmNT
— [ output 2nd RYPDO Mapping 0x1601 000 80 Editable 2
Control Word 0x6040  0x00 16 UNT
TargetFosition 0G07A O0x0D 32 DINT
T OveNEE_nvon DINT
— [ oiAutoStudio X jtable
UmT
DINT
—[1 o | Indexes 0x1600,0x1601,0x1602,0x1603 are mutually exclusive, ftable
only one of them can be checked. UINT
T
—0m ftable
UNT
DINT
TouCT O S o - UmNT
Touch Probe Pos1 Pos Value 0x60BA  Ox00 32 DINT
Digital inputs OXGOFD  0x0D 32 UDINT
— ¥ mput 2nd T*PDQ Mapping 0x1ADl  0x00 80 Editable 3
Status Word 0x6041  Ox00 16 UNT
ActualFosition 0xG064  0x0D 32 DINT
Velocity actual value 0X606C  0x00 32 DINT
— [ mput 3rd TXPDO Mapping 0x1AD2  Ox00 80 Editable
Status Word 0x6041  Ox00 16 UNT
ActualFosition 0xG064  0x0D 32 DINT
Velocity actual value 0x606C  Ox00 2 DINT
— [ Iput 4th TXPDO Mapping 0x1A03  0x00 64 Editable
Status Word 06041 0x0D 16 UmT
ActualPosition 0x6064  0x00 32 DINT
ActualTarque 06077 O0x00 16 T

The master configures PDO into slaves through PDO Assignment and PDO Mapping by downloading these
settings as startup parameters.

"PDO Assignment" selects specific PDO group numbers for download to the slave, while "PDO Mapping"
configures editable internal PDO entries within the selected group. Failure to enable both options during PDO
modifications may cause slave startup failures. These configurations can be verified in the startup parameters list.

10.4.3 Startup Parameters

1. Startup parameters are used to configure PDO settings, manufacturer-specific parameters, and protocol-
defined parameters (e.g., 402 protocol) into the slave via SDO writes while the slave is in PreOP state.
Take SD710 configuration as an example:

[ MAIN £} 0 - SD700 ECAT V1.2 G x ]
Base Information Add Modify Delete
General Setting Number Name Index Sub index Bit Len Value

Process Data 1 Clear PDO 1C12 0x1C12  0x00 8 0x0

2 Clear PDO 1C13 0x1C13 0x00 8 0x0
3 Download 1C12:1 index 0x1C12 0x01 16 0x1601

4 Download 1C12 count 0x1C12 0x00 8 0x1

Y0 Mapping 5 Download 1C13:1 index 0xIC13 Ox01 16 0x1A01
6 Download 1C13 count 0x1C13 0x00 8 Oxt
7 Clear PDO 0x1600 0x1600 000 8 0x0
8 Download PDO 0x1600:1 entry 0x1600 0x01 32 0x60400010
9 Download PDO 0x1600:2 entry 0x1600 0x02 32 0x607A0020
10 Download PDO 0x1600:3 entry 0x1600 0x03 32 0x60600008
11 Download PDO 0x1600:4 entry 0x1600 0x04 32 0x60B80010
12 Download PDO 0x1600 count 0x1600 0x00 8 Ox4
13 Clear PDO 0x1601 0x1601 000 8 0x0
14 Download PDO 0x1601:1 entry 0x1601 0x01 32 0x60400010
15 Download PDO 0x1601:2 entry 0x1601 0x02 32 0x607A0020
16 Download PDO 0x1601:3 entry 0x1601 0x03 32 0x60FF0020
17 Download PDO 0x1601 count 0x1601 0x00 8 o3
18 Clear PDO 0x1602 0x1602 0x00 8 0x0
19 Download PDO 0x1602:1 entry 0x1602 001 32 0x60400010
20 Download PDO 0x1602:2 entry 0x1602 0x02 32 0x60FF0020
21 Download PDO 0x1602 count 0x1602 0x00 8 0x2
22 Clear PDO 0x1603 0x1603 0x00 8 0x0
23 Download PDO 0x1603:1 entry 0x1603 001 32 0x60400010
24 Download PDO 0x1603:2 entry 0x1603 0x02 32 0x60710010
25 Download PDO 0x1603 count 0x1603 0x00 8 0x2
26 Clear PDO 0x1A00 Ox1A00 0x00 8 0x0
27 Download PDO 0x1A00:1 entry 0x1A00 0x01 32 0x60410010
28 Download PDO Ox1A00:2 entry 0x1A00 0x02 32 0x60640020
29 Download PDO T A00:3 entry 0x1A00 003 32 0x60820010
30 Download PDO Ox1A00:4 entry Ox1A00 0x04 32 0x60BA0020
31 Download PDO 0x1A00:5 entry 0x1A00 0x05 32 0x50FD0O020
32 Download PDO 0x1A00 count Ox1A00 0x00 8 x5
33 Clear PDO 0x1A01 0x1A01 0x00 8 0x0
34 Download PDO Ox1A01:1 entry Ox1A01 0x01 32 0x60410010
35 Download PDO Ox1A01:2 entry Ox1A01 0x02 32 0x60640020
36 Download PDO T A01:3 entrv Ox1A01 003 32 0x606C0020

< >

2. Add object dictionary entry 0x6098 to the "Startup Parameters™ and set its value to 35, as illustrated below:
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[ MAIN" &3 0 - SD700 ECAT V1.2.G x |

Base Information

Delete Hide System Parameter

General Setting

Process Data

Index Sub index Bit Len Value

1O Mapping
=
Add R
3
Index Subindex  Name AccessType  DataType  Default Value AR
0x6086 OO0 Motion profile type RW T 0x0 3
0x6087  0x00 Torque slope RW UDINT 0x0 3
+ 0x6091 0x00 Gear ratio RO USINT i
+ 0x6099  0x00 Homing speeds RO USINT E
0x609A X0 Homing acceleration RW UDINT 0X3E80 E
0x6080 000 Fosition offset RW DINT 0x0 E
0x608L  0X00 velocity offset R DINT 0x0 E
0x6082  OX00 Torque offset RW T 0x0 E
0x6088  0x00 Touch Frobe Function RW UINT 0x0 E
0x60C0 0x00 Interpolation sub mode select Rw INT ox0 =
+ 060CL 000 Interpolation data record RO USINT E
3
+ 0x60C2 0x00 Interpolation time period RO USINT B
0x60C5  0x00 Max acceleration RW UDINT ] E
0x60C6  0x00 Max deceleration RW UDINT 0xC8 o
OX6DED  OX00 Positive torque limit R UINT 0xB88 o
OxSDEL  OX00 Negtive torque limit RW UINT 0xB88 F
avency  ownn antinn cnin ow i nwn bl
Name: Bit Length: F
|Hnmmg method ‘ ‘s ‘ r
3
Index(16#): Sub Index(16#): E
|[Ix6[l§s ‘ ‘[Ixﬂ[l ‘ E
DataType: Value: F
3
SINT 1 £
| | | &
Add Cancel

(@ Click Add

@) Select 0x6098

(3 Modify the value to 35
@ Click OK

10.4.4 1/0O Mapping

PDO data must be mapped to PLC internal variables to control EtherCAT slaves via these variables. The 1/0

Mapping interface is shown in the figure below:
£} 0-SDT10_ECAT V126" x |

BEFER @
N .
EILE —
Hone
iiEAE Homs
Hone
BahEdn Hone
Hone
Hone

When a slave is added, a set of internal variables linked to its PDO is automatically created, as illustrated below:

O 0-50710 AT V126" x

L

=1 %3l FEL Hrigaem
Control Word 0x6040 000 UIHT
TargetFosition O0xE0TA 000 ITIHT
TargetVelocity 0x&0FF 000 ITIHT
Modes of operation Ox&060 0z00 SIHT
Status Word Ox6041 000 IRT
AeotualFosition O:xG054 0x00 IIHT
Velocity actual value OxeB0EC 000 IIHT

© 1-SoMOEATVIZE X

BriEm =@ w3 FE3 4

- Hona s oo e

Yene s oo0

g Fone worr o0 oom

Sone ooe o som

mahEn Yena Gt 000 e

. Ged 00

e e o em

BIGRE EC) wel FwEl prEss
o [ [ ot
[ CaEOTh 000 T
R e CxEFE Da00 T
Bane [T ) e
BEEH Bens tiss D088 0e00 15T
“ e Walocity actual value G0 000 =

Note:
>

If a slave is associated with a motion control axis (e.g., SD710), its variables can only be controlled via axis

commands. The mapped registers in 1/O Mapping serve solely as monitoring addresses.

-174 -



EtherCAT Communication SH100/300/SH500 PLC Programming and Application Manual

»  For drives, data exchange with the slave is performed through the mapped register addresses in 1/0 Mapping.

Associated Variables
Double-click "None", select a D/R/W variable type and enter the address in the pop-up dialog, and click OK, as

shown below:
(Ml MaIN- £3 0 - SD700 ECAT V1.2 G x Ll

Base Information Variable Name Index Sub index DataType

None Control Word 0x6040 0x00 UINT
None TargetPosition 0x607A Ox00 DINT
Process Data None TargetVelocity 0x60FF 0x00 DINT
None Status Word 0x6041 0x00 UINT
Startup Parameter None ActualPosttion 0x6064 0x00 DINT

R None Velocity actual value 0x606C 0x00 DINT
10 Mapping

General Setting

Variable Input X
O None
(@Element Selectior]
0 i F
() Control Asxis
Axis number:
AxisO
Serial Humber:
0-Control Word 0x6040

10.4.5 Slave System Variables

System variables related to EtherCAT slaves are listed below:

System Variables Data Type Description
iState Slave current bus state
LINT
2:PreOP
INT 4:SafeOP
8:0P
Note: In OP state (8), this value remains unchanged even if the
slave disconnects.
iALstatescode INT AL states code. Indicates state machine transition failure (see slave
manual).
iConfigaddr INT Configuration address. Default: starts at 30000 + connection
sequence number (e.g., 30001 for the first slave).
iAliasaddr INT Slave alias address. Default: O (currently unsupported).
dEep_man DINT Slave equipment manufacturer 1D
dEep id DINT Slave equipment ID
iltype INT Interface type
iDtype INT Device type
iObits INT PDO output bits
iObytes INT PDO output bytes
iOstartbit INT PDO output start bit
ilbits INT PDO input bits
ilbytes INT PDO input bytes
ilstartbit INT PDO input start bit
iHasdc INT DC support
iPtype INT PHY interface type
iTopology INT Topology
iActiveports INT Active ports
iParent INT Parent slave 1D
iParentport INT Parent port ID
iEntryport INT Entry port
Slot configuration flag.
iSlotConfig INT Note: Set to 1 for SH-ECT couplers or multi-drop slaves; 0 for
single slaves.
iRdSlotsNum INT Read slot number. Displays the number of connected slots.
dRdSlotslds[31] Array Read slot ID. Displays module IDs in connected slots in order.
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dEep_rev DINT Slave equipment version

iPackLossCounter INT Cumula_ltlve pack_et loss counter. Increments continuously after
slave disconnection.

iPackLossSign INT Pack loss sign. Set to 1 if the slave is offline.
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11 EtherCAT Motion Control

11.1 Overview

11.1.1 Basic Structure and Control Logic
In motion control systems, the controlled object is referred to as an axis. An axis acts as a bridge between the
drive and PLC instructions. Motion control axes are used to control EtherCAT bus drives compliant with the 402
protocol, as well as local high-speed pulse outputs and inputs.

Motion Control
EtherCAT Master <:> Instructions <:> EtherCAT Slave
(MC Instructions)

Within the PLC, the basic structure and processing logic of an axis are as follows:

Control command Axis structure Control word
| T -
Feedback status PLCOpen state maqt1|ne Status word
management unit -
¥ "
Target position (user Target position (pulse .
User program units) User Motion Pulse |1 units) »> Driver
coordinate axis coordinate Feedback position
Feedback position processing | planning | processing ;
( p-! ) unit unit unit g (pulse units)

11.1.2 Motion Instruction Scheduling Mechanism
The Main program, subroutines, and interrupt routines are available for user programming. However, motion
control instructions can only be executed in the Main program or subroutines and must not be called within interrupt
routines.
The EtherCAT task is a hidden task and not accessible to users. Therefore, programming within the EtherCAT
task is not supported.

User program scan execution
: . EtherCAT axis motion control & PDO transfer (highest priority, preemptive)
FCATax Inducton @2 | ser program/EtherCAT task instruction interaction

Idle task | Program idle task

I
EtherCAT cycle EtherCAT cycle EtherCAT cycle EtherCAT cycle EtherCAT cycle | EtherCAT cycle EtherCAT cycle EtherCAT cycle

PLC run task

Program scan cycle Program scan cycle Program scan cycle

11.1.3 Axis Type Configuration

Supported axis types include bus servo axis, local pulse axis, bus encoder axis (not supported), and local encoder
axis.

Axis Type Description

Bus servo axis Axis controlled via EtherCAT slave servo drives.
Supports torque, position, velocity, homing, and other basic control modes.
Virtual axis mode is supported.

Local pulse axis  |Supports 4xocal pulse axes: YO/Y1, Y2/Y3, Y4/Y5, Y6/Y7T.
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e Controls pulse-driven axes using local high-speed 1/0.

Pulse output modes: Pulse + direction, CW/CCW, AB phase.

Probe: 2>probe inputs per pulse axis.

Motion control: Supports positioning, linear/circular interpolation, and homing functions.

Bus encoder axis

Reserved

Local encoder axis

Supports 8>single-phase (200 kHz) or 4xAB-phase high-speed (200 kHz) inputs.
Counting modes: Linear axis or rotary axis.
Probe: 8>probe inputs total. Note: Probe and counter ports are shared; only one function can be

used per port.

A properly configured axis involves three components:

Component Function
AXis Configures axis settings, such as mode, gear ratio, homing type, and encoder mode.
configuration
parameters
Axis system  |Monitors axis status and errors (e.g., current position, fault codes).
variables
/Axis control  |[Executes motion control via MC instructions in user programs.

instructions

Status (e.g., MC_ReadStatus).

MC instructions are categorized into: Management (e.g., MC_Power), Motion (e.g., MC_Jog), and

11.1.4 PLCOpen State Machine

The PLCOpen State Machine manages axis states and motion by executing specific functions in each state. The

state transition diagram is shown below:

i e = i’-\_ t: I.: N
:': " .// \\_ o
ot o -
[ - w Lo A ’
L"- il
_Done /' i /#_ | _.
\ ™, ‘:-.{.-f A-"! ! J
S e My S
W ,.f‘:}"/'--\“\\u .z/"/f’
; 'n. h ¥ -’.-{':-’/ L | )
fomi g ; oo B Standstill e I |-
State Descriptions
State Value State Description
0 Disabled Axis is inactive.
1 ErrorStop AXis stopped due to an error.
2 Stopping AXis is decelerating to a standstill.
3 Standstill AXxis is enabled and stationary.
4 DiscreteMotion Axis is in discrete motion.
5 ContinuousMotion Axis is in continuous motion.
7 Homing AXis is performing homing.
8 SynchronizedMotion AXis is synchronized with other axes or
processes.

11.1.5 Axis Parameter Description
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Axis parameter configuration consists of three parts: User Units & Axis Configuration Parameters, Axis System
Variables, and Axis Control Instructions. These components are described below:

User Units
Two units are used in the axis structure: User Unit and Pulse Unit.
Unit Description
User unit Measurement units, such as millimeters, centimeters, and degrees, used in instruction operations,

denoted as Uint.
User coordinate systems are categorized into Linear Coordinate and Rotational Coordinate based
on application requirements:
Linear coordinate: Includes a zero point. Increasing the target position represents positive
movement; decreasing it represents negative movement. Supports positive/negative soft limits.
Rotational coordinate: Includes a zero point and a cycle period. Within one cycle, increasing the
target position represents clockwise motion; decreasing it represents counterclockwise motion.
Pulse unit Unit based on pulse count used on the drive side, denoted as pluse.
Drive parameters typically include a pulse zero point and encoder pulses per motor rotation.
Axis Configuration Parameters

Configure motion control axis properties to meet application requirements. The parameters are summarized
below:

Type Parameter Bus Servo Axis Local Pulse Axis
AXxis number

Axis type

ANANIAN

. . Associated device (Not associated =
Basic Settings virtual axis)

Auto mapping

PDO
REV

) ) Pulses per motor/encoder revolution
Unit Conversion Workpiece movement per revolution
(Background)

Gear ratio numerator

Gear ratio denominator
Encoder mode

Linear/Rotary mode

Software limits

Follow error
Mode/Parameters

Axis velocity
Torque limit

Probe

RIANANANANANANANENEE N NENANANEE NANAN

ANANERILNENANANDILNE NI NANA SRR

Output
The homing mode parameters are configured as follows:

Type Parameter Bus Servo Axis Local Pulse Axis

Home signal

Positive limit

Negative limit

Z-signal

Homing direction

Home input polarity

Homing velocity

Homing approach velocity

Homing acceleration

Homing timeout

Negative limit input

Positive limit input

v
v
v
v
v
v
Homing Settings Homing method v/
v
v
v
v
x
X
X

SNSRI NSRS IR S

Home signal configuration

Axis System Variables
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In the program, the current status of an axis can be monitored through its system variables. The system variables
for bus servo axes/local pulse axes are listed in the table below:

System Variables Data Type Description
dPulsesPreCycle DINT Pulses per revolution (motor/encoder)
fDistancePreCycle REAL Workpiece movement per revolution
dNumerator DINT Gear ratio numerator
dDenorminator DINT Gear ratio denominator
bDirection BOOL Direction
bSoftLimitEnable BOOL Software limit enable
fPLimit REAL Positive limit in linear mode
fNLimit REAL Negative limit in linear mode
iLineRotateMode INT Linear/rotational mode selection
0: linear; 1: rotational
fRotation REAL Cycle in rotational mode
EncodeMode INT Encoder mode (valid in bus servo axis)
1: incremental; 0: absolute
iHomeMethod INT Homing method
fHomeVelocity REAL Homing velocity
fHomeApproachVelocity REAL Homing approach velocity
fHomeAcceleration REAL Homing acceleration
iHomeTimeOut INT Homing timeout
bPLimitTerminalPolarity BOOL Positive limit terminal polarity (valid in local pulse axis)
bNLimitTerminalPolarity BOOL Negative limit terminal polarity (valid in local pulse axis)
bHomeTerminaPolarity BOOL Home terminal polarity (valid in local pulse axis)
iPLimitType INT Positive limit input type (valid in local pulse axis)
0:X,1: M, 2:S
iPLimitID INT Positive limit input number (valid in local pulse axis)
X0~7/M0~M/S0~S
iNLimitType INT Negative limit input type (valid in local pulse axis)
0: X,1: M, 2:S
iNLimitID INT Negative limit input number (valid in local pulse axis)
iHomelnType INT Home input type (valid in local pulse axis)
0: X,1: M, 2:S
iHomeInID INT Home input number (valid in local pulse axis)
iEncoderInType INT Local encoder input type (valid in local encoder)
iEncoderRstInEn INT Local encoder reset input enable (valid in local encoder)
iEncoderRstInID INT Local encoder reset input ID (valid in local encoder)
iEncoderEnInEn INT Local encoder enable input enable (valid in local encoder)
iEncoderEnInIiD INT Local encoder enable input ID (valid in local encoder)
iEncoderPreSetInEn INT Local encoder preset input enable (valid in local encoder)
iEncoderPreSetInID INT Local encoder preset input ID (valid in local encoder)
iPluseMethod INT Pulse output method (valid in local pulse axis)
bTouchProbeEn0 BOOL Touch probe 0 input enable (valid in local pulse axis)
iTouchProbelDO INT Touch probe 0 ID (valid in local pulse axis)
0~7: X0~7
bTouchProbeEnl BOOL Touch probe 1 input enable (valid in local pulse axis)
iTouchProbelD1 INT Touch probe 1 ID (valid in local pulse axis)
0~7: X0~7
bCmpEnable BOOL Comparison output enable (valid in local pulse axis)
iCmpOutiD INT Comparison output port ID (valid in local pulse axis)
0~7:YO~7
iCmpOutUnit INT Comparison output unit (valid in local pulse axis)
iCmpOutWidth INT Comparison output width (valid in local pulse axis)
fErrorStopDeceleration REAL AXis error stop deceleration
fFollowErrorWindow REAL Follow error window
fMaxVelocity REAL Maximum velocity
fMaxJerkVelocity REAL Maximum jerk velocity
fMaxAcc REAL Maximum acceleration
iMaxTorque INT Maximum torgue
iMapped INT AXxis parameter mapping flag
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iType INT Axis type
iSlave INT Axis mapping ID
iVirtual Axis INT Virtual axis flag
iEnableStatus INT Axis enable status
iAlmStatus INT Axis alarm status
iAxisOprationStatus INT Axis operation status
iCheckDoingStatus INT Axis motion status

0: stopped 1: running
ilnterpNum INT Interpolation channel number
ilnterpBitType INT Control mode flag bits

bit0: P_Task, bitl: S_Task, bit2: F_Task, bit3: cam
dCommandPulse DINT Current command position
hEncoderCounter DINT Encoder high-order counter
dEncoderPos DINT Encoder feedback position

11.1.6 Axis Control Instructions

Single-axis control instructions are listed below. For detailed usage, refer to the SH Series PLC Instruction

Manual.
Instruction Name
MC_Power Enable axis control
MC_Reset Reset fault
MC_Home Homing
MC_Homing Axis homing
MC_Stop Stop
MC_MoveVelocity Velocity control
MC_Jog Jog
MC_Move Positioning

MC_ReadAxisError

Read axis error

MC ReadPosistion

Read actual position

MC ReadStatus

Read axis status

MC_TorgueControl

Torque control

MC SetPosition

Set position

MC_MoveSuperimposed

Superimposed motion

MC_TouchProbe

Touch probe

MC _Linear

Linear interpolation

MC_Circle CW

Clockwise circular interpolation

MC _Circle CCW

Counter-clockwise circular interpolation

MC_MoveBuffer

Multi-segment move

MC_MoveAbsolute

Absolute move

MC_MoveRelative

Relative move

MC ReadVelocity

Read actual velocity

MC_MoveFeed

Feed-interrupt move

MC_Halt

Motion halt

MC_SyncTorqueControl

Synchronized torgque control

MC_ReadActualTorque

Read actual torque

MC_FollowVelocity

Velocity superposition control

MC_ReadDigitallnput

Read digital inputs

MC_MoveVelocityCSV

CSV-based variable pulse width velocity control

MC_SyncMoveVelocity

CSV-based synchronized velocity control

MC MoveThreeDimensionalCircular

Three dimensional circular interpolation

MC_MoveSpiral

Spiral interpolation

MC_SetAxisConfigPara

AXxis parameter configuration

MC SetAxisBackLash

Set backlash compensation

MC GetAxisBackLash

Get backlash compensation status

11.1.7 Online Modification of Axis Configuration Parameters

® Users can modify configuration parameters of individual axes via the PLC program to meet different
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application requirements, such as software limits and rotation period in ring mode.
® When modifying axis configuration parameters in the PLC program, use the _McAXxis system structure
variable to set parameters. This structure data is not retained after power loss. Upon PLC restart, axis
configuration parameters from the software backend will initialize this structure variable.
® Modify the initialized variable values as needed and execute the MC_SetAxisConfigPara instruction to

validate the settings.

Note:

» Instruction execution requires completion of EtherCAT bus initialization. Modifications made before
initialization may result in parameter configuration failures.
»  When modifying parameters during operation, set the MC_Power instruction's power flow to OFF.
»  Axis configuration parameters are non-retentive variables, thus previously set values will be lost after PLC
reboot. Reconfigure parameters after each PLC startup.

Structure MCcAXis

Name Data Type R/IW Description Index
_MCcAXxis[0] Struct / / /
_MCcAxis[0].dPulsesPreCycle DINT WR Pulses per cycle
(motor/encoder)
McAXxis[0].fDistancePreCycle REAL WR Workpiece movement per cycle
McAXxis[0].dNumerator DINT WR Gear ratio numerator 1
_McAXxis[0].dDenorminator DINT WR Gear ratio denominator
McAXxis[0].bDirection BOOL WR Direction
McAXxis[0].bSoftLimitEnable BOOL WR Software limit enable
_McAXis[0].fPLimit REAL WR Positive limit in linear mode
McAXis[0].fNLimit REAL WR Negative limit in linear mode
Linear/Rotary mode 2
_McAXxis[0].iLineRotateMode INT WR 0: linear;
1: rotational
_McAXxis[0].fRotation REAL WR Cycle in rotational mode
Encoder mode (valid in bus
_ McAxis[0].EncodeMode INT WR servo axis) 3
: absolute
0: incremental
~ McAXxis[0].iHomeMethod INT WR Homing method
_McAXxis[0].FHomeVelocity REAL WR Homing velocity
~McAXxis[0].fHomeApproachVelocity | REAL WR Homing approach velocity 4
~ McAXxis[0].fHomeAcceleration REAL WR Homing acceleration
~ McAXis[0].iHomeTimeOut INT WR Homing timeout
_McAXxis[0].bPLimitTerminalPolarity | BOOL WR P03|_t|v_e limit terminal _polarlty
(valid in local pulse axis)
_McAXxis[0].bNLimitTerminalPolarity | BOOL WR Neg_atl_ve limit termmal_ polarity
(valid in local pulse axis)
_McAXxis[0].bHomeTerminaPolarity BOOL WR HO“?e _termmal polarlty
(valid in local pulse axis)
Positive limit input type
_McAXxis[0].iPLimitType INT WR 0: X,1: M, 2:S
(valid in local pulse axis)
Positive limit input number
_McAXxis[0].iPLimitID INT WR X0~7/MO~Mxx/S0~Sxx 5
(valid in local pulse axis)
Negative limit input type
_McAXis[0].iNLimitType INT WR 0: X,1: M, 2:S
(valid in local pulse axis)
_ McAXxis[0]iNLimitID INT WR Negative limit input number
(valid in local pulse axis)
Home input type
_McAXxis[0].iHomelnType INT WR 0: X,1: M, 2:S
(valid in local pulse axis)
_McAxis[0].iHomelnID INT WR Home input number

(valid in local pulse axis)
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_McAxis[0].iEncoderInType INT WR (Evr;?dd?r: :22;: g}gg der)
Local encoder reset input
_McAxis[0].iEncoderRstInEn INT WR enable
(valid in local encoder)
Local encoder reset input
_McAxis[0].iEncoderRstInID INT WR number
(valid in local encoder)
Local encoder enable input
_McAxis[0].iEncoderEnInEn INT WR enable
(valid in local encoder)
Local encoder enable input
_McAXxis[0].iEncoderEnInID INT WR number
(valid in local encoder)
Local encoder pre-set input
_McAxis[0].iEncoderPreSetInEn INT WR enable
(valid in local encoder)
Local encoder pre-set input
_McAxis[0].iEncoderPreSetInID INT WR number
(valid in local encoder)
_iPluseMethod INT WR Puls_e output method . 6
(valid in local pulse axis)
_McAxis[0].iPluseMethod INT WR Pulse output method
(valid in local pulse axis)
_McAxis[0].bTouchProbeEn0 BOOL WR Tou_ch_probe 0 input en_able
(valid in local pulse axis)
Touch probe 0 input number
_McAXxis[0].iTouchProbelDO INT WR 0~7: X0~7 7
(valid in local pulse axis)
_ McAxis[0]bTouchProbeEn BOOL | WR Touch probe 1 input enable
(valid in local pulse axis)
Touch probe 1 input number
_McAXxis[0].iTouchProbelD1 INT WR 0~7: X0~7
(valid in local pulse axis)
_McAxis[0].bCmpEnable BOOL | WR Comparison output enable
(valid in local pulse axis)
Comparison output port number
_McAXxis[0].iCmpOutID INT WR 0~7: YO~7
(valid in local pulse axis) 8
_ McAxis[0].iCmpOutUnit INT WR Comparison output unit
(valid in local pulse axis)
_ McAxis[0].iCmpOutWidth INT WR Comparison output width
(valid in local pulse axis)
~ McAXis[0].fErrorStopDeceleration REAL WR AXis error stop deceleration
_McAXxis[0].fFollowErrorWindow REAL WR Follow error window
_McAXxis[0].fMaxVelocity REAL WR Maximum velocity
_McAXxis[0].fMaxJerkVelocity REAL WR Maximum jerk velocity 9
~McAXis[0].fMaxAcc REAL WR Maximum acceleration
_McAXxis[0].iMaxTorque INT WR Maximum torgue
McAXxis[0].dConfigReserved[16] DINT WR Reserved
_McAXxis[0].iMapped INT RO AXxis parameter mapping flag /
MCcAXis[0].iType INT RO AXis type /
McAXis[0].iSlave INT RO AXxis mapping ID /
_McAXxis[0].iVirtual Axis INT RO Virtual axis flag /
McAXis[0].iEnableStatus INT RO AXis enable status /
Axis alarm status
0x0001: Hardware positive limit
_McAXxis[0].iAlmStatus INT RO 0x0002: Hardware negative /
limit
0x0004: Software positive limit
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0x0008: Software negative limit
0x0010: Position deviation error
McAXxis[0].iAxisOprationStatus INT RO Axis operation status /
_McAxis[0].iCheckDoingStatus INT RO é)gtso?ofi:r?ﬁ:}%s /
McAXis[0].ilnterpNum INT RO Interpolation channel number /
Control mode flags
_McAxis[0].ilnterpBitType INT RO bit0: P_Task, bitl: S_Task, /
bit2: F_Task, bit3: cam
McAXxis[0].dCommandPulse DINT RO Current command position /
. Feedback-to-command position
_McAxis[0].dDeltaCommand DINT RO deviation /
_McAxis[0].dEncoderPos DINT RO Encoder feedback position /
McAXxis[0].dStatusReserved[16] DINT RO Reserved /

Axis Parameter Modification Example

1. Original axis configuration parameters use default values. Modify the axis configuration parameter from

1 Unit to 10 Unit via command.

M| MAIN | £3 0-SD700 ECAT V12 G~ £} Axis 0 x

=]

Basic Setting

Nurnber of pulses for ane resolution of motor/encoder: (Pulse)

‘xzsssns\

Mode Setting

Movement of worktable in one revolution: (Unit)

‘ 1.000000
Origin Return

ACC/DEC Conversion

Molecule of gear ratio: (> 0)

[1.000000

Denominator of gear ratio: ( > 0)

[1.000000

Humber of pulses =

ode: Workbench—— Ratate Mode
\ " A
7] Wodkbench
= |
y X 4 /
Lead Motor
ar R )
=

Number of pulses for one revolution of motor/encoder = Gear ratio molecule

= Moving distance (Unit)

Movement of workbench in ane revolution = Gear ratio denominator

2. Develop a PLC program to modify the travel distance per revolution of Axis 0's worktable to 10 Units.
Execute the MC_SetAxisConfigPara command to validate the modifications. Trigger the parameter
modification command after EtherCAT bus initialization is completed. (Note: For the relationship between
Index values and axis parameters, refer to the "Structure _McAXis" table above.)

M MAIN x | {3} 0-SD700 ECAT V1.2 G | £} Axis 0

RMOV 10.00000

c 1
or ane ©

ECATMaster iEthercatRun
Mai g flag 0:Stop

3

MC_SetAxisConfigPara
Executs

Done[— MC_SethsxisConfigPara_Done 0

0 — Asis

Busy |~ MC_SetAxsConfigPars_Busy_0

1 —{Index _Busy_{
Aborted [ — MC_SetAxisConfigPara_Aborted_0

Error[— MC_SetAxisConfigPars_Emor_0

EmorlD|— MC_SetAxisConfigPars_EmorID_0

11.2 Motion Control Axis Configuration

11.2.1 Axis Type

Both bus servo axes and local pulse axes are controlled using the same set of MC instructions and share an
identical axis structure design. The following outlines the differences between them.

Item Local Pulse Axis Bus Drive
AXis type Select local pulse axis Select bus servo axis
Associated Assign output ports YO/Y1, Y2/Y3, Y4/Y5, | Configure PDO mapping to relevant
devices Y6/Y7 variables
Pulse output Pulse+direction, CW/CCW, AB phase \
form
Probe Supports 2 channels of probe Configure probe terminals according to
EtherCAT drive manual
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Homing Supports homing methods specified in 402
protocol (excluding Z signal)

Supports homing methods 1~35 specified in
402 protocol Limit and home signals must be
connected to the drive

11.2.2 Basic Settings

1. The Basic Setting interface is used to set the axis type, confirming whether the axis functions as a bus servo
axis, local pulse axis, or local encoder axis, as shown in the figure below:

(M MAIN | £3 0-SD700 ECAT V12 G- {} Axis 0 x >l In
” L
Axis number: |D | (Virtual axis when there is no associated device)
Unit Conversion Axis type:  |Bus servo axis
Mode Setting Associfited device: aleis Automatic Mapping
Orgin Return Focal eneoder s
Output MappitgiCantroller Input Mapping(Device to Controller)
ACC/DEG Comversion ControlWord | 0x60400010-Contral Word v StatusWord | 0x60410010-Status
TargetPosition | Ox607A0020-TargetPosition ~ ActPosition | 0x60640020-Actual
TargetVelocity |Ox60FF0020-TargetVelocity ~ ActVelocity | 0x606C0020-Veloci
TargetTorgue |Unassigned ~ ActTorgue | Unassigned
OprationMode | Unassigned W ActOprationMode | Unassigned
TouchFunction |Unassigned w TouchStatus | Unassigned

Parameter Descriptions

® Axis Number: Each axis is assigned a unique identifier (0~71) and cannot be manually modified. The axis
number serves as the input parameter for MC instructions to access the axis.
® Axis Type: Options include bus servo axis, local pulse axis, bus encoder axis (not supported), and local encoder

axis.

® Associated Device: For bus servo axis, select the EtherCAT servo drive. For local pulse axis, assign local high-
speed output terminals (YO/Y1, Y2/Y3, etc.). For local encoder axis, assign local high-speed input terminals. If

unassigned, the axis operates as a virtual axis.

® Auto Mapping: Valid only for bus servo axis. EtherCAT slaves use PDO-based cyclic communication, where
the axis connects to the slave's object dictionary via cyclic variables. Enabling auto-mapping assigns mappings

automatically; manual configuration is disabled.

For details on the object dictionary parameters of bus servo axes, please refer to the standard 402 protocol.

Loop Variable Obiject Directory Function
Controlword 0x6040 Control word
TargetPosition 0x607A Target position value
TargetVelocity 0x60FF Target velocity value
Settorque 0x6071 Target torque
Modesofoperation 0x6060 Control mode
Touchprobefunction 0x60b8 Probe mode
Physicaloutputs 0x60fe:1 Physical outputs
StatusWord 0x6041 Status word
ActPosition 0x6064 Actual position
ActVelocity 0x606C Actual velocity
Torgueactualvalue 0x6077 Actual torque value
Modesofoperationdisplay 0x6061 Mode of operation display
Digitalinputs 0x60fd Digital input status
TouchProbeStatus 0x60h9 Touch probe status
TouchProbePos1PosValue 0x60ba Touch probe 1 rising edge position
TouchProbePos1NegValue 0x60bb Touch probe 1 falling edge position
TouchProbePos2PosValue 0x60bc Touch probe 2 rising edge position
Touchprobe2fallingedge 0x60hd Touch probe 2 falling edge position
Errorcode 0x603f Error code
11.2.3 Unit Conversion
Iltem Function
Pulses per motor/encoder Sets the pulse count per motor/encoder revolution based on encoder
revolution resolution.
Workpiece movement per Defines the workpiece movement per revolution.
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revolution
Gear ratio numerator Numerator of the gear reduction ratio.
Gear ratio denominator Denominator of the gear reduction ratio.

For bus drives (local pulse axes), motor control uses pulse units, while motion control instructions operate in
common measurement units (e.g., millimeters, degrees, inches), referred to as user units (Unit). Based on
configuration parameters, the axis internally converts between these units. The conversion modes are categorized as
follows:

(1) Linear Axis Mode
(1) Without a gear reduction mechanism, the conversion formula from user units to pulse units is as follows:

Pulses per motor/encoder revolution[ DINT]*Gear ratio numerator[DINT]

Pulse *Displacement[Uint]

Workpiece movement per revolution[REAL]*Gear ratio denominator[DINT]

Example with a 17-bit encoder drive:
Set the parameters as:

Pulses per motor/encoder revolution = 131072

Workpiece movement per revolution =1

Gear ratio numerator = 1

Gear ratio denominator = 1

When a relative position command specifies a target displacement of 10 user units, the motion control axis sends
1310720 pulses, resulting in 10 motor revolutions.

(2) With a gear reduction mechanism, the conversion formula from user units to pulse units is as follows:

Linear mode: Worktable /7
F i

N | 4 -

Lead

Gear _
M ratio B/

Pulses per motor/encoder revolution[ DINT]*Gear ratio numerator[DINT]

Pulse =Displacement[Uint]

Workpiece movement per revolution[REAL]*Gear ratio denominator[DINT]

Example with a 17-bit encoder drive:
Set the parameters as:

Pulses per motor/encoder revolution = 131072

Workpiece movement per revolution = 1

Gear ratio numerator = 3 (N)

Gear ratio denominator = 1 (M)

When a relative position command specifies a target displacement of 1 user unit, the motion control axis sends
393216 pulses, resulting in 3 motor revolutions and 1 workpiece revolution (1 lead).

(1) Rotary Axis Mode
The conversion formula from user units to pulse units is as follows:
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REFEIET :

M ekl = N

Pulses per motor/encoder revolution[ DINT]*Gear ratio numerator[DINT]

Pulse = ~Displacement[Uint]
Workpiece movement per revolution[REAL]*Gear ratio denominator[DINT]

11.2.4 Mode Setting

1. Basic settings interface varies depending on selected axis type. Visible parameter lists differ accordingly.

{} muis 0 x | £} 0-35D710 ECAT V12 G |
- [
EERR R | GEE v #RE: [ HEES v
BUREIRE Easzing
[ #etpR e
R BRI Unit  EREREIRSIE: (000000 it
FEiEERE
TEETiER E AR
SRR Uit/ SEREWE: 10000 usie
IR
ROOEE: [0 iy BiE B0 o
S it/ BChDMEE: (1000000 miess
Parameter Description
Item Description
Encoder Mode Encoder mode is valid only in bus servo axis mode, used with incremental or absolute

encoder servo drives. Select based on the actual servo drive type. PLC processing modes:
Incremental mode:

The PLC ignores overflow-triggered revolution increments in the servo drive's 32-
bit encoder counter. The PLC does not retain the encoder's current position during power
cycles. Upon restart, the axis calculates its current position solely using the single-turn
position feedback from the servo drive.

Absolute mode:

The PLC tracks overflow-induced revolution increments in the 32-bit encoder
counter. The PLC stores the encoder's current position during power cycles. Upon restart,
the axis calculates the absolute position by reconciling the stored encoder position with
real-time servo feedback. After the axis is enabled, the drive position (6064h) is converted
and synchronized to the command position.

Linear mode

1. Linear mode is typically used in devices with mechanical motion ranges in X-
Y Cartesian coordinate systems.

2. A zero point is usually defined in linear mode.

3. Increasing feedback position indicates forward motion; decreasing feedback
position indicates reverse motion.

4. Forward and reverse software limits can be configured. When enabled, the axis
can only operate within the defined range.

Absolute positioning: If the target position > starting position, move forward by the
distance (target — starting position). If the target position < starting position, move reverse
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Mode Setting

by the distance (starting — target position).

Relative positioning: For target displacement > 0: move forward by the displacement
distance. For target displacement < 0: move reverse by the absolute value of the
displacement.

Velocity command in linear mode: For target velocity > 0: move forward. For target
velocity < 0: move reverse.

Ring mode
® Ring mode uses a cyclic counter that repeats infinitely within a defined range,
commonly applied in turntables or spools.
® A zero point and rotation period are typically defined. The feedback position
range is 0 < feedback position < rotation period.
® In this mode, increasing feedback position indicates clockwise (CW) motion;
decreasing feedback position indicates counterclockwise (CCW) motion.

O/ W 1H 0/ eI

[EERR 0 b A

A+ i W

Software limits are disabled in ring mode.

Relative positioning: For target displacement > 0: CW motion by the displacement
distance. For target displacement < 0: CCW motion by the absolute value of the
displacement.

Absolute positioning: Forward: Apply modulo operation on the target position
relative to the rotation period, and move CW from the starting position to the target.

O/ HEsE W

AR B S
Reverse: Apply modulo operation on the target position, and move CCW from the
starting position to the target.

O/ BeFe IR W

LB 58 % e o W

F

Shortest path: Compute the target position modulo the rotation period, and calculate
the CW displacement from the starting position. If displacement < half the rotation
period, move CW; for else, move CCW.

Current direction: Follow the axis’s last motion direction. For first-time power-on,
move CW to the target. Velocity instruction in ring mode: For target velocity > 0, move
CW; For target velocity < 0, move CCW.

- 188 -




EtherCAT Motion Control SH100/300/SH500 PLC Programming and Application Manual

11.2.5 Software Limit
When the soft limit is enabled, the system continuously monitors the axis' absolute position during motion. If
the projected stopping position (calculated by T-curve deceleration from the current speed using the specified limit
deceleration) exceeds the limit range, the axis will trigger the soft limit deceleration algorithm and interrupt ongoing
positioning/speed commands. Soft limits are inactive during homing mode and torque mode.

11.2.6 Error Deceleration
If a motion command's internal logic failure during axis operation necessitates switching to the error stop state,
the axis will perform T-curve deceleration using the configured error deceleration until it decelerates to zero.

11.2.7 Following Error Threshold

During positioning/speed commands execution, the servo drive operates in CSP (Cyclic Synchronous Position)
mode with trajectory planning performed on the PLC side. The PLC sends target positions via 0x607A to the servo
drive, while the motor encoder's actual position is fed back through 0x6064. The discrepancy between 0x607A and
0x6064, converted into user units, is defined as the following error. The SH500 configures the maximum allowable
following error. If the absolute following error exceeds this threshold, the axis triggers an excessive following error
fault and enters the errorstop state.

11.2.8 Axis Velocity

Set the maximum velocity, maximum acceleration, and maximum jerk. If any parameter (target velocity,
acceleration, or deceleration) in positioning or velocity commands exceeds these limits, the command triggers a fault
and the axis enters the ErrorStop state.

11.2.9 Maximum Torque
Maximum torque setting is exclusively applicable to bus-servo axes.
If the target torque in torque commands exceeds the maximum torque limit, the command triggers a fault and
the axis enters ErrorStop state.
Positive/negative torque limit values are configured via startup parameters in the servo drive's object dictionary
(0x60EO and Ox60E1).

11.2.10 Probe
Local pulse axes can enable probe terminals through probe configuration. Bus axes require configuring relevant
PDO.
For local pulse axes, each axis supports up to two probe terminals. Probe terminal sources can be selected from
X0~X7.
After enabling probe terminals, local pulse axes can utilize probe instructions and interrupt fixed-length
instructions.

11.2.11 Pulse Output Mode Configuration
Local pulse axes can be configured as four channels using YO/Y1, Y2/Y3, Y4/Y5, or Y6/Y7.
They support output in Pulse+Direction, CW/CCW, or AB-phase formats.
For channels configured as pulse axes: In Pulse+Direction mode: YO, Y2, Y4, Y6 are designated as pulse
terminals; Y1, Y3, Y5, Y7 are direction terminals. In CW/CCW mode: YO0, Y2, Y4, Y6 are CW pulse terminals;
Y1, Y3, Y5, Y7 are CCW terminals.

11.2.12 Hardware Limit
The axis system variables include bphlimit (hardware positive limit) and bnhlimit (hardware negative limit)
indicating hardware limit states. When set to positive logic, these variables correspond to bits 1 and 0 of object
dictionary Ox60FD, respectively. When configured as negative logic, their values are inverted from bits 1 and 0 of
0x60FD.
Hardware limit logic settings only affect these variables and have no impact on the servo's limit-triggered stop
behavior.

11.2.13 Origin Return
The SH500 supports CiA402-compliant origin return methods 1~35, as shown below.
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Origin return configuration interface:

Parameter

Description

Origin signal

Enables/disables use of the origin signal.

Unassigned: Not enforced as a mandatory filter.

Not Used: Excludes returning methods requiring a origin signal.
Use: Excludes returning methods incompatible with a origin signal.

Z Signal

Enables/disables use of the motor Z signal.

Unassigned: Not enforced as a mandatory filter.

Not Used: Excludes returning methods requiring a Z signal.
Use: Excludes returning methods incompatible with a Z signal.

Positive Limit

Enables/disables use of the hardware right limit signal.

Unassigned: Not enforced as a mandatory filter.

Not Used: Excludes returning methods requiring a positive limit signal.
Use: Excludes returning methods incompatible with a negative limit signal.

Negative Limit

Enables/disables use of the hardware left limit signal.

Unassigned: Not enforced as a mandatory filter.

Not Used: Excludes returning methods requiring a negative limit signal.
Use: Excludes returning methods incompatible with a negative limit signal.

Origin Return

Initial movement direction during origin return.

Direction Positive direction: Moves positive if limit/origin signal is inactive; otherwise, moves
negative.
Negative direction: Moves negative if limit/origin signal is inactive; otherwise, moves
positive.

Origin Input Direction when triggering origin signal.

Direction Positive direction: Stops upon triggering origin signal edge during positive motion.
Negative direction: Stops upon triggering origin signal edge during negative motion.

Origin Logic Positive logic (high level)/Negative logic (low level).

Origin Return Method

Range: Method 1~35. Written to object dictionary 0x6098 via startup parameters.

Origin Return Speed

User unit converted to pulse units, written to sub-index 1 of object dictionary 0x6099
via startup parameters.

Origin Return
Acceleration

User unit converted to pulse units, written to object dictionary 0X609A via startup
parameters.

Near Point Speed

User unit converted to pulse units, written to sub-index 2 of object dictionary 0x6099
via startup parameters.

Origin Return
Timeout

Unit: 10ms.

In practice, origin return methods are filtered by parameters including origin signal, positive/negative limits, Z

signal, origin return direction, and origin input direction, then selected via the origin return method option.

Note that after applying filter criteria, multiple origin return methods may remain available. Select the
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appropriate method from the origin return method list. For example, the settings below filter two origin return
methods:

Signal Selection
Origin Signal Use
Negative Limit Not Used
Positive Limit Use
Z Signal Not Used
Origin Return Direction FWD
Origin Input Direction FWD

Choose the required method (20, 24, or 26) based on field application requirements.

11.2.14 Curve Type

The system supports two velocity profiles: T-curve acceleration/deceleration and 5-segment S-curve
acceleration/deceleration, determined by the SpeedMode parameter in instructions. Additionally, when axes
encounter limits or require error-triggered deceleration to enter Errorstop state, T-curve deceleration is applied.

() T-curve Velocity Profile

When SpeedMode=0, axes execute T-curve acceleration/deceleration. The motion profile is planned based on
target position, velocity, acceleration, and deceleration. During acceleration/deceleration phases, the actual
acceleration/deceleration rates remain constant, as shown below.
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e Target position: Final absolute position in user units (Unit) for absolute positioning commands.

e Target velocity: Maximum achievable velocity during motion in user units per second (Unit/s).

e Target acceleration: Velocity change rate during acceleration in user units per second squared (Unit/t?).

e Target deceleration: Velocity change rate during deceleration in user units per second squared (Unit/t?).

e Acceleration phase: If initial velocity = Vs, target velocity = Vt, and acceleration =Acc, then the acceleration
time:

Tacc=(Vt-Vs)/Acc

e Deceleration phase: If initial velocity = Vs, target end velocity = Ve, and deceleration = Dec, then the
deceleration time:

Tdec=(Vs-Ve)/Dec

(I1) S-Curve Velocity Profile

When SpeedMode=1, the axis follows an S-curve acceleration/deceleration motion. This profile reduces
mechanical shock by shaping the velocity waveform into an S-curve. The motion control instruction must specify at
least velocity (v), acceleration (Acc) or deceleration (Dec), and jerk (Jerk):
® Velocity: Maximum axis speed during operation, in "units/s".
® Acceleration: Maximum acceleration during operation, in “units/s=,
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® Jerk: Maximum rate of acceleration/deceleration change, in "units/s3. The specified Jerk value in instruction
applies to both acceleration and deceleration phases. Adjusting Jerk can improve velocity smoothness.
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The relationship between velocity, acceleration, and jerk is illustrated in the following table:

Phase Time (s) Jerk (units/s®) ACC/DEC (units/s?) Velocity (units/s) Motion Type

1 0~2 Fixed at 10000 Acceleration increases to 20000 Velocity Acceleration-increasing
increases accelerated motion

2 2~5 Fixed at 0 Acceleration remains at 20000 Velocity Accelerated motion with
increases constant acceleration

3 5~7 Fixed at -10000 Acceleration decreases to 0 Increases to Acceleration-decreasing
100000 accelerated motion

4 7~13 Fixed at 0 Acceleration remains at 0 Constant at Uniform motion
100000

5 13~15 Fixed at -10000 Deceleration increases to 20000 Velocity Deceleration-increasing
decreases decelerated motion

6 15~18 Fixed at 0 Deceleration remains at 20000 Velocity Decelerated motion with
decreases constant deceleration

7 18~20 Fixed at 10000 Deceleration decreases to 0 Decreases to 0 Deceleration-decreasing

decelerated motion

11.3 Quick Setup Example for EtherCAT Axis

Taking the SH523 as an example, this demonstrates controlling a drive via EtherCAT communication to execute
a positioning movement with the following motion profile: acceleration time 1 s, deceleration time 1 s, velocity 300
r/min, and displacement of 10 units. Steps:
New Project

1. Open AutoSoft software and create a new project. Select SH523 as the PLC series and type, as shown

below:
os]
File() Edit(f) View(V) Ladder(l) PLC(P) Debug(D) Tool) Window(W) Help(H)
BXe U QR HEa|(|HOE| &S >0 ah TR TER
v AR At AsHIGH O DA — | = ba t
Project Manager ax M maIN x v/ Instruction Tree 7

2.

&5 11(SH523)
[l] Global Variable
=-[5] System Variable
[F] _Meaxis
[7] ECATMaster
7] ECATSlave
[=] Element Comment
{5 Struct
[E] Function Block Data
-5 Variable Table
[F] vaR 1
L7 Program Block
] MAIN
[5] SBR 01
1] INT_01
~(F] FB Function Block
[F] FC Function
[E] Data Block
System Block
£} Extensi
A E-CAM
S Cross referen

on Modules

ce table

Element browse table

el

Comnent

~

New project

[emporary project

[ Basic instructions

Ci\Jsers\v4151\Documents\

Ladder chart

SHS00 Series

it counting

[ Real time clock instructions

-JH Date time comparison instruction

[ Data conversion instructions

JH Word contact instructions
— H communicat tion ins structions
[ Data verification instructions
B Positioning instructions

After creating the project, enter the main interface.
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5 AutoSoft - [C:\Users\v415T\Documents\11\T1.vprj] - u] X
1 | File(F) Edit(F) View(Vv) Ladder(l) PLC(P) Debug(D) Tool(m) Window(W) Help(H) |
EEEEIEE TR | Ew|HEE| &> B[Hh TR EEE]
2 A4 Ak AZE Atk sk {eh | OO F | — | =he t ¥
Project Manager R x M MAIN x = = o
L1 11(8H523) =
[] Global Variable | ||| /= [ Basic instructions o
-[E] System Variable [ Comparison instructions
7] Meaxis [ Timing and counting instructions
[7] ECATMaster [ Program control instructions
[F] _ECATSlave A Data transmission instructions
3 [Z] Element Comment A Integer operation instructions
[E Struct Conmenf t [ Floating point arithmetic instructi
~[E] Function Block Data H Accumulator instructions
-[E] Variable Table H Word logic instructions
[7] vAR 1 5 B Rotation shift instructions
8% Program Block [ Bit processing instructions
[ MAIN A High speed IO instructions
[5] $BR_O1 Commen t A Control calculation instructions
[T INT_01 [ External device instructions
[F] FB Function Block [ Real time clock instructions
[F] FC Function [ Date time comparison instruction
[E] Data Block [ Data conversion instructions
System Block [ Word contact instructions
£} Extension Modules B [ Communication instructions
A E-CAM [ Data verification instructions
ZE2 Cross reference table - H Positioning instructions a
£ Element browse table v i 2
‘Output Window R x
4
mﬂﬂﬂ Coxpile Communication Convertion Find ]'( >

Interface'Déscr'iptions
(O Menu Bar @ Toolbar (3 Project Manager @ Instruction Tree G Programming Area

11.3.1 Bus/Local Pulse Axis Configuration
To properly control a bus drive, the programming software requires configuring a servo drive and a bus servo
axis, then establishing their connection. Two configuration methods are available: Auto-Scan and Manual Add. Auto-
Scan is only for adding bus servo axes; and local pulse axes must be added manually.
(1) Auto-Scan
1. Double-click EtherCAT under the Project Manager. In the dialog box, check Enable, click OK, then compile
and download the project. (Note: The main program must not be empty).

File(F) EDit(E) View(V) Ladder(l) PLC(P) Debug(D) Tool(m) Window(W) Help(H)

BERDH XA W Q| E | HEE) & & mahTE
v AHAE At s (OO — | =ha t 4
“oject Manager rx [ maIN x
[T] INT_01 -
t
[F] FB Function Black SEE
[F] FC Function Setting %
~[Z] Data Block
System Block fottne
{3} Extension Modules Name: EtherCAT Master r—
- E-CAM
ross reference table Conme
£ Element browse table Enable Control: () Disable () Enable
-md Element monitoring table Eycle Tane: T ol s
=] Element Memory Table
= Instructon Wizard OffsetTime: %
W Commaricaton Confly e |
i COMO
i Comned  [usetrw | —
sesh COM1
i COM2 [ Allow mismatched number of slave stations
i-[8] can
i [ configure the slave station separately
i~ EtherNet
L2 Ads Config [Ikeep connected (not checking for disconnections)
-8 Ads Group Config Conmed [ Automatically restart the slave station
RN EtherCAT _
& PLC Communication

< >

2. Ensure the PLC’s EtherCAT port is properly connected to the servo drive. Verify that the drive’s XML file
exists in the device library. If not, add the corresponding XML file, as shown below.
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3.

4.

5.

B AutoSoft - [C\Users\v4151\Documents pril - u]
File(F) Edit(F) View(Y) Ladder(l) PLC(P) Debug(D) Tool() Window(W) Help(H)
BBEED® XA WAl ES|HED & XYrE 00 TR TER
¥ | | ISV ENNEENEE 7~ NEW = B S R W S |
— EtherCAT Add Slaves X
roject Manager
1] INT_01 | Device Configuration: Device Added:
[F] F8 Function Block || EthercaT Devies EtherCAT Wester bns
[F] FC Function - SLANVERT structions
[] Data Block N2_N3 EtherCAT Servo Drives unting instructio
System Block o instructions
£} Extension Modules ion instructions

CAM ion instructions

oss reference tabl| arithmetic instru
lement browse tabl pstructions

lement monitoring tructions

[] Element Memory Tal instructions

= Instruction Wizard instructions

& Communication Con instructions
= COMO tion instruction:
- COM1 g instructions
- COM2 kinstructions
CAN parison instruct
M EtherNet n instructions
2 Axis Config instructions
6 Asis Group Confi instructions
EN e CAT| n instructions

- PLC Communication Ty tructions

tutput Window

Right-click EtherCAT, select Auto-Scan, and the Auto-Scan dialog will open, as shown below.
= Instruction Wizard
W Communication Config
- COMO ot
=2 COM1
- COM2
- caN
Wi EtherNet |
£ Axis Config |
- Axis Group Config

= Conment
a
~a PLC Cor EEE
<
e Add Device(a)
Delete All Device(D)
Y% _Comile ) Communication ( Convertion [ Find

Click “Yes”. After scanning completes, click Update to add the bus servo axis, as shown below.

] x

EERINRE: MRS

EtherCAT Master (5 EtherCAT Master
-0 = SIT10_ECAT_V1.2_G

AutoStudio

I = o

After scanning, right-click Axis Configuration to configure it, and link it to the scanned slaves. At this point, the
axis association configuration is complete.

S| 5 et x
brejectmiszh 3 BT Srjectiiszs) B
5 e sReR - 5
A e WEANEE (3 s i E
st Es e ] O-SHTIOBEAT VY 26 a v RN | REREEED0E
J— R R A EE )
P a1l o e
T AR OxtTARINY-T ar guiFosition OEOHANZ0 e tual
TRttty [P~
#4m - MtTeene 8
e v e
AN - FH
248 o =om
*HR | HHR
o v Tedwall g
Tedall] RHER
b A
s #H0
=P .
-1 & EtherCAT
ancen © 0-sDn0 EAT V1L .

(1) Manual Add
1. Right-click EtherCAT -> Add Device -> Import to manually import the drive’s XML file, as shown below.
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TS
E mHaE=
= Bens
o BAEE
= COMO
- COM1
- COM2
CAN
i EtherNet
-0 HES
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= PLCEE
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faciCel]
SREIEE)

BRSSO

HEREREE:

EFNEE:
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2. Right-click EtherCAT -> Add Device, then double-click the target slave device to add, as shown below.

o rEemES
@ wFoR
=R3EE
ST
SR
[ FeerEE

EtherCAT RIS

AGI00_ECAT_V1.1
AC310_ECAT_V1.0

X
HREERR: BRIRE:
- EtherCAT Devices - EtherCAT Master
£ VEICHD 0 - SIT10_ B V.26

= mens ®
' BRES VICRIU-CT_1.0.1
{.a COMO VHRTU-ECT_1.1.1
: VIERTU-ECT_1 0.0
gt COM1 VIERTU-ECT_1.0.1
= COM2
LB ean
-y EtherNet
@D
FO) J
= CI
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3. After manual add, right-click Axis Configuration to configure it, and link it to the scanned slaves, as shown
below.

BRI A © aeD x

s £

WEWNEE (] wen  [EEwe

- *wa  |vEmoman is R rr| (e—
LE ki

mSEE

AT

Note:
For manually added slaves, ensure Enable under EtherCAT is checked to activate functionality.

11.3.2 Axis Parameter Settings
Bus Servo Axis
Configure axis parameters based on the actual device. For this example, set the following parameters:

® Number of pulses for one resolution of motor/encoder: 8388608
® Gear ratio: 1:1
® Axis mode: Linear
® Movement of worktable in one revolution: 1 Unit
[ MAIN 3 Axis 0 x >
i AR b — BN (Pilses) (157
weem Tfetait—BhEEE: (tmit)
I — HRIHT: (30)
nERES et oo )0

FIFCHE * SRS T

BRaE (Pulse) =

et = W

e ERAE * BINIEE i)

it kap

I = WM
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11.3.3 Programming
1. Directly call MC_Power, MC_MoveRelative, and MC_Stop instructions in the program without
instantiation, as shown below:

Tawza B[ T A x| © AD
ECAT Projectrvis23)
= - CRGEE

' —

wol

11.3.4 Compilation/Download

After completing the project, click @ to download it. The system will first compile the project. Upon

1.
successful compilation, a download dialog box will appear. Click Download to proceed. A progress bar
will display, and after completion, a prompt will ask whether to set the PLC to Run mode. Select Yes, as
shown below: B
BB ) Qe | W e| HED|d .—'hlU@'Iu‘ TER
4 AHA7E| At 1k | 1st G {JD{F]‘* =he t 4
WEHF) WERE W6V WEEL) PCP) EED) TRM BOW) s
TewEE 3% [ MAIN x | © AusO
e ETE
S T:mm
E— = Salon i LS 0 [SEIS G
FzREEs
HipiElh
OwiLLs Dl EHEEHTE
wyf . THEE
wy o
l i {0-10z28)
o phecar | — ——— z P L.
0 0-sonoy e TS 0
T R e
11.3.5 Online Monitoring
1. Click the Monitor button. Assign parameters to the MC_MoveRelative instruction and set MO and M1 to

ON sequentially. The drive will then execute a 10-uint displacement at 300 r/min with 1s
acceleration/deceleration time, as shown below.

B mutotaudic - [CAUsernd 880 Documents ECAT ProjechECAT Frajectvpril

5 ae GG rajcc(@Edme e
T WD D D neD A DA ¥OW e
i S

11.3.6 Fault Types
Axis faults are categorized into instruction faults, axis faults, and drive faults.
Instruction faults: Errors generated by MC motion control instructions, such as invalid parameters and PLCOpen
state machine changes during operation. Check the fault code via the ErrorID of the faulty instruction (refer to
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the Appendix).

® Axis faults: Errors reported by the axis, e.g., excessive following error. Axis fault codes can be viewed through:
Current faults monitoring; Historical faults records; or System variable iAlmStatus.

® Drive faults: Errors from EtherCAT bus drives or local pulse output axes. To retrieve faults from the EtherCAT
bus drive, 0x603F must be configured in the PDO mapping and linked to the axis. Drive faults can be viewed

through: Servo Error section in the drive’s backend interface; or ServoErrorID in the MC ReadAxisError
instruction.
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12 High-Speed Counter

12.1 Overview
Counters are managed as encoder axes in AutoSoft software and engineering applications. When associated with
an axis, they are collectively referred to as local encoder axes. The system supports 4-axis 32-bit high-speed counters

capable of AB-phase 1/2/4xfrequency multiplication, CW/CCW, pulse+direction, and single-phase counting. It also
enables counter preset and high-speed counter position latch functions.

12.2 Creating a Counter AXxis

The counter must first be associated with an axis before using.
1. Inthe Project Manager area, right-click Axis Configuration, and select Add Axis to create a motion control axis.

~4g" Communication Config

----- M EtherMet

""" @ m Add Axis(A) ‘
Aoas
<

Delete All Axes(D

=8 PLC Communication
L
2. Double-click the newly added axis (e.g., Axis0) to open its configuration page. Under the Basic Settings
interface, select “Local encoder axis” as the axis type and “High-speed counter” as the associated device to
associate the axis with the counter. The axis number serves as the identifier for programmatic control of the
corresponding counter axis.

5 AutoSoft - [CAUsers\v4151\Documents\11\11vpri] - o
File()) Edit(E) View(V) PLC(P) Debug(D) TeolM Window(W) Help(H)
B [e5 EE | X B dh TR tE R
¥
>roject Manager 2% [ MAIN £ Axis 0 x
{1 INT_01 A
[F] F8 Function Block Ereess avis Number [0
[F] FC Function o .
i vis Type -
2] Dta Block yp us servo axis
5 system Block st e

£} Extension Modules
@ E-CAM Origin Return

ACC/DEC Conversion

H Word contact instructions
[ Communication instructions

-{3 Axis Group Config [H Data verification instructions

iy EtherCAT
s PLC Communica tion v <
Jutput Window

H Positioning instructions

12.3 Unit Conversion for Counter Axis

The high-speed counter uses pulse units to decode encoder signals, while counter instructions employ common
measurement units (e.g., millimeters, degrees, or inches), referred to as user units. Unit conversion translates pulse
counts into user units (Uint). User units can be defined as application-specific units (e.g., millimeters, revolutions)
based on actual requirements.
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bR EE LRI ESE
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The parameters required for unit conversion are listed below.
Item Function
Pulses per motor/encoder revolution Sets the pulse count per motor/encoder revolution based on encoder
resolution.
Workpiece movement per revolution Defines the workpiece displacement per worktable revolution with
transmission.
Gear ratio numerator Sets the gear ratio on the workpiece side.
Gear ratio denominator Sets the gear ratio on the motor side.

For example, when a servo motor drives a worktable via a gear reducer and lead screw, the PLC controller
monitors the encoder pulses (in pulse units) to determine the worktable position. The counter axis, representing the
worktable position, uses millimeters as its unit. Thus, user units are uniformly applied in the program. The conversion
relationship between user units (e.g., degrees) and pulses is illustrated in the figure below.

[M] M £ Axis 0 x ~
~
Basic Setting
Mumber of pulses for one resolution of motor fencoder: | 10000 {Pulses) [reverse
Unit Conversion

i + | 1.000000
Made Setting Movement of worktable in one revolution: {Unit)
Qrigin Return Gear ratio molecule: | 1.000000 (=0)

ACC/DEC Conversion Gear ratio denominator: | 1.000000 (=0)
Number of pulses for one revolution of motor fencoder * Gear ratio molecule
Mumber of pulses (Fulse) = * Moving distance {Unit)

Movement of workbench in one revolution * Gear ratio denominator

Linear Mode:

) Wnrkhenc}}- Eotate Mode:

— =

Perimeter
Gear Ratio = N/N

Gear Ratio = N/NM

In unit conversion settings, parameters must be configured according to the actual device.

Pulses per motor/encoder revolution[ DINT]*Gear ratio numerator[DINT]

Pulse = *Displacement[Uint]

Workpiece movement per revolution[REAL]*Gear ratio denominator[DINT]

For example, if one encoder revolution corresponds to one revolution of the work axis and the user unit (Uint)
is defined as "revolution,” set the travel distance per motor/encoder revolution to 1.

Example for a 2000-line encoder:

Pulses per motor/encoder revolution = 2000

Travel distance per motor/encoder revolution = 1

When executing the HC_Counter high-speed counter instruction, the counter value will be 1 after the encoder
completes one full revolution.

12.4 Operating Mode Configuration
12.4.1 Linear Mode

In linear mode, the counter axis position varies between the negative and positive limit values. If the counter
axis reaches a limit and continues to receive pulses in the same direction, the HC_Counter instruction reports an
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overflow, but the counter continues counting in the same direction. When reverse pulses are input after an overflow,
the counter decrements and the overflow error is cleared.

Since the high-speed counter is a 32-bit device, the rotational period converted to pulse units must fall within
the 32-bit integer range [-2147483648, 2147483647].

[ main” £ Axis 0 x |
"
Basic Setting
Encoder Mode! | Incremental Mode ~ Device Mode: |Linear Mode -
Unit Conversion CoftnereLipit
Mode Setting [ software Limit Enable
Origin Return Negative Limit: |0.000000 Unit Positive Limit: | 1000.000 Unit
ACC/DEC C i

HDEC Conversion Error Deceleration

Error Deceleration: | 1000.000 Unitjs2  Follow error threshold: | 100,0000 Unit

Axis Speed Setting

Max Speed: | 1000.000 Unitfs Max Torque: 0.1%
Max Acceleration: | 10000.00 Unitfs2 Max Jerk: | 500.0000 Unitfs3

12.4.2 Rotation Mode

In rotation mode, the counter axis position cycles within the rotational period. During incremental counting, the
position resets to 0 upon reaching the maximum rotational period value. During decremental counting, the position
jumps to the maximum value when decremented from 0.

In this mode, the rotational period of the counter axis can be configured in the interface, with the period unit
defined in user units. Since the high-speed counter is a 32-bit device, the rotational period converted to pulse units
must fall within the 32-bit integer range [-2147483648, 2147483647].

(] mair” £3 Axis 0 x =]

! ~ |l
Basic Setting

Encoder Mode: | Absolute Mode ~ Device Mode: | Rotation Mode R

Unit Conversion

Cyde Setting

ACCIDEC Cenversion Error Deceleration
Error Deceleration: Unitfs2  Follow error threshold: Unit
Avia Snead Sathina
0/ HEH: I H o/ R A
L A
HEH HEHA

12.5 Counter Parameter Configuration

12.5.1 Overview

Parameter configuration primarily includes counter mode, reset, probe, preset, and comparison output functions.
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] MAIN £ Axis 0 x | £F Axis 1
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12.5.2 Counter Mode

Local encoder axes support multiple signal counter modes: A/B phase (x<1/>2/>4 multiplication), CW/CCW,
pulse+direction, and single-phase counting. Signal sources can be selected based on the counter mode.

HESEE

HEBEtEE: [foRam o] Cmeaas )
i+§k2§‘§fﬁﬁﬁ)\ii$ S 1w
B R BRI o

The input ports supported for each counter mode are listed below. Different local encoder axes may share the same
signal source input ports.

Counter Mode X0 X1 X2 X3 X4 X5 X6 X7
A/B Phase APhase | BPhase | APhase | BPhase | APhase | BPhase | APhase | B Phase
cw/ccw CwW CcCcw Ccw CcCcw Ccw ccw Cw CcCcw

Pulse+Direction Pulse Direction Pulse Direction Pulse Direction Pulse Direction
Single Phase Pulse Pulse Pulse Pulse Pulse Pulse Pulse Pulse
Note:

»  For modes requiring two input signals: X0/X1, X2/X3, X4/X5, and X6/X7 are grouped as four pairs.
»  All four counters can freely select counter modes and signal sources, allowing mode or source reuse across
different counters.

A/B Phase Mode

In A/B Phase Mode, the encoder generates two quadrature phase pulse signals (Phase A and Phase B) with a 90
phase shift. The counter increments when Phase A leads Phase B and decrements when Phase B leads Phase A.

AJB phase pulses can operate in <1, >2, or >4 multiplication modes:
® X1 multiplication: Counts only on the rising edge of Phase A pulses, as shown in the figure below.

B A A B

AtE

-

fi Frit

® > multiplication: Counts on both rising and trailing edges of Phase A pulses, as shown in the figure below.
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S N i i L)L

Uit

® >4 multiplication: Counts on rising and trailing edges of both Phase A and Phase B pulses, as shown in the

igure below. ) ﬂ m | . l_
S I I A PLT LT b

it

CW/CCW Mode

In CW (Clock Wise) and CCW (Counter Clock Wise) modes, the encoder outputs CW pulses during forward
rotation and CCW pulses during reverse rotation.

_cw

When the local encoder axis operates in this counter mode, the high-speed counter increments on CW signals
and decrements on CCW signals, as shown in the figure below.

- 4 LT LT LT |

.

ccw T—\_T—l_T—l_T—L
.

+1 -1

JuEAsS

Pulse+Direction Mode

In this mode, the high-speed counter increments on pulse signals when the direction signal is ON and decrements
when the direction signal is OFF, as shown in the figure below.

belo) |

+1

+1 -1

Single Phase

In this mode, the high-speed counter increments on pulse signals. The position count increases by 1 at the rising
edge of each input pulse.

-202-



High-Speed Counter SH100/300/SH500 PLC Programming and Application Manual

12.5.3 Reset Configuration

(1) Check the “Counter reset signal enable” to use an external input (X0~X7 terminals) for encoder axis
position reset. The trigger condition (rising/trailing edge) is configurable.

(2) When enabled, the encoder axis position is cleared to zero via the external input signal.

HHSERE

HHSEASRE:  foheam v (M0-AN1-E )

HHE R LA AE: M BfuiE S#Fh BfufsSHii: X0 v
AR LA A [ R SR ERERSHiA: &3 P

12.5.4 Probe Terminal

(1) Each counter supports two external inputs to latch the current counter value for probe functionality. Check
the “Probe( Enable” to trigger position latching via an external input (X0~X7 terminals).

(2) Once enabled, use the HC_TouchProbe function block to read the latched position of the counter axis.

B3
[ fmstofEss FHOROEE: 2 - MiFstiEas fEEhEAGRE: B

12.5.5 Preset Terminal

(1) Check the “Preset Enable” to use an external input (X0~X7 terminals) for counter value preset. The trigger
condition (rising/trailing edge) is configurable.

(2) When enabled, use the HC_Preset function block to preset the encoder axis position via external input.

RIS
wekR  (ESWAEE: B v

12.5.6 Compare Output Terminal
Enabling Compare Output allows hardware-based output activation upon comparison match without software
intervention, ensuring high real-time performance.
® When enabled, the HC_Compare, HC_ArrayCompare, or HC_StepCompare function blocks trigger hardware-
controlled output (ON state) upon position match. Output terminals (YO~Y7) and pulse width (time or user units)
are configurable.
® Each local encoder axis supports one comparison output channel, configurable with input terminals and pulse
width.
® When the unit is set to ms, the configurable time range is 1ms~6553.5ms. When the unit is set to pulses, ensure
the value converted to pulse units falls within 1~65535.
Préstin S
bt g ZB%E: o - PRI EE R : 1w
Compare Output is hardware-controlled and cannot be monitored via Y soft elements. The Y soft elements and
comparison output share an OR-logic control over the output port. If a Y soft element keeps the output ON, the actual
port remains ON regardless of comparison results.

12.6 Counter Axis Instruction Applications
12.6.1 Overview

-203 -



High-Speed Counter SH100/300/SH500 PLC Programming and Application Manual

In AutoSoft software, configuring a counter axis combined with function block instructions enables axis position
counting/speed measurement, position presetting, position latching, and comparison functions.

12.6.2 Position Counting/Speed Measurement Instructions
The HC_Counter instruction enables position counting and speed measurement for a counter axis. The counter
axis position value varies within the range defined by the counter axis mode, with its unit specified as user units.
The counter axis velocity reflects real-time velocity in user units/s. The minimum measurable velocity
corresponds to one pulse per second (e.g., if one pulse equals 0.01 user units, the minimum measurable speed is 0.01
user units/s).

HC_Counter
{ | Enable
HC_Counter Axiz_0— hxis

Position|—HC_Counter Fosition O

¥elocity —HC _Counter Velocity O

HC_Counter Invert 0 — Invert
Direction|—HC_Counter Direction 0
Positivelimit —HC Counter PositiveLimit 0
Hegativelimit —HC_Counter NegativeLimit O
¥alid —HC_Counter Valid_0
Busy —HC_Counter Busy 0
Aborted —HC _Counter_Aborted 0

Error —HC_Counter_Error_0

ErrorID —HC Counter ErrorID 0

The counting direction can be adjusted using the Invert parameter. After modifying the Invert setting, re-enable
the function block instruction to apply the change. The relationship between Invert settings and counting directions
is shown in the following table:

Invert A/B Phase Pulse+Direction CWICCW Single Phase
0 A leads B: Increment Direction signal low: A: Increment Increment
counting; Decrement counting; counting; counting
B leads A: Decrement Direction signal high: B: Decrement
counting Increment counting counting
1 A leads B: Decrement Direction signal low: A: Decrement Decrement
counting; Increment counting; counting; counting
B leads A: Increment Direction signal high: B: Increment
counting Decrement counting counting

12.6.3Position Preset Instruction
The HC_Preset instruction assigns a position value to the counter axis based on preset conditions.
The TriggerType parameter selects between rising edge trigger and external X input trigger.

Moz HC_Preset
I . Enshls
HC_Preset_fris_01 —|Axis Done (—HC_Preset_Tlone_0
HC_Preset_TrigerMode 1 —{TrigerMade Busy —HC_Preset_Busy_0
HC_Preset_Position_ 0 —{Position tborted —HC_Preset_sborted 0
Error |—HC_Preset_Error_()
FrrorID | —HC_Preset_FrrorID_0
TriggerType Definition
0 Element/variable rising edge trigger
1 External X rising edge trigger

When external X input trigger is selected, enable the preset function in counter parameter settings, select an
input terminal (X0~X7), and set the trigger condition (rising edge).

12.6.4Probe Instruction
The HC_TouchProbe function block instruction latches the counter axis position value when external input
trigger conditions are met.
1. Each counter axis supports 2>probe. To use this feature, enable the corresponding probe function in counter
parameter settings, select an input terminal (X0~X7), and configure the trigger condition.
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W03 HC_TouchProbe
{ Enable
HC_TouchProbe_xis 0 — Axis FosPosition|—H_TouchProbe_PesFosition 0
HC_TouchProbe_Probell 0 — ProbeID WegPosition|—H_TouchProbe NegPosition 0
HC_TouchProbe_Tri ggerdge_0 — TriggerEdge Tone [—HC_TouchPr obe_lone_01
HC_TouchProbe_Tri ggerlode_0 — TriggerMode Busy [—H_TouchPr obe_Busy_01

Aborted [—HC_TouchProbe_tbortad 0
Error |—HC_TouchProhe_Error_D

ErrorID —HC_TouchFrobe ErrorID 0

2. The ProbelD parameter specifies the probe number:

ProbelD Definition
0 Probe 1
1 Probe 2

3. The TriggerEdge parameter defines the trigger edge type: Rising edge triggers latch the position in the
PosPosition output parameter; Trailing edge triggers latch the position in the NegPosition output parameter.

TriggerEdge Definition
0 External X rising edge trigger
1 External X trailing edge trigger
2 Both rising and trailing edges

The TriggerMode parameter defines single trigger or continuous trigger modes:

Single trigger mode: When the function block instruction's power flow is active and the external trigger
condition is met, the counter axis position is latched once, and a Done signal is output. The probe position latches
the axis position in real-time based on the trigger edge, unaffected by program execution. The latched position
is updated to the instruction's output parameters when the program scan cycle processes the latch instruction.

o T | T Ve T s Vo P P T P P
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MEES
PosPostion KXX ':[' 7
MEESSE | .
= = FHEREE
J'EEE == ‘

Erngi R

Continuous trigger mode: When the power flow is active and the trigger condition is met, the axis position is
latched, and a Done signal (valid for one scan cycle) is output. After the Done signal turns OFF, subsequent
trigger conditions will continue to latch positions and generate Done signals. During the Done signal's active
scan cycle, new triggers are ignored.
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FHIEESE AR

® Dual-edge trigger mode: After both rising and trailing edges trigger latching, a Done signal is output. In single

trigger mode, the Done signal persists until the instruction completes; in continuous trigger mode, the Done
signal lasts one scan cycle, during which new triggers are ignored.
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12.7 Compare Instructions

The HC_Compare, HC_StepCompare, and HC_ArrayCompare instructions enable single-position comparison,
equidistant continuous comparison, and multi-position continuous comparison for counter axes.

12.7.1 HC_Compare Instruction
This instruction performs a single-position comparison for the counter axis. When the instruction's power flow
is active, a Done signal is output once the counter axis reaches the specified comparison position.

Mi04 HC_Compare
|} Enable
HC_Compare_Awxisz 0 —{Auxis Done —HC_Compare_Done_ 0
HC_Compare_Position 00— Fosition Busy (—HC_Compare_Busy 0
HC_Compare_CutputEnable 0 —OutputEnable Aborted —HC_Compare_fborted 0
HC_Compare_InterruptMap 0 — InterruptMap Error —HC _Compare_Error_0
ErrorID —HC_Compare_ErrorID_0

12.7.2 HC_StepCompare Instruction

This instruction enables equidistant continuous position comparison for the counter axis. When the power flow
is active, the counter axis position is compared starting from StartPosition. After a match, the comparison position
increments/decrements by the Step interval and continues. A Done signal is output only after the last comparison
position is reached, not after each individual match.

When StartPosition < EndPosition:
The comparison position increases by Step after each match. The last comparison occurs when the incremented
position exceeds EndPosition.

When StartPosition > EndPosition:
The comparison position decreases by Step after each match. The last comparison occurs when the decremented
position falls below EndPosition.

e The output parameter NextIndex indicates the next comparison point index (i.e., the count of completed
matches).

Mios HC_StepCompare
|t Enable
HC_StepCompare fxis 0 —{Axis HextFosition|—HC StepCompare HentFositioen 0
HC_StepCompare_StartPosition_(l —StartPosition Done [—HC_StepConpare_Tone_0
HC_StepCompare_EndFositien 0 — EndFesition Busy [—HC_StepCompare_Fusy 0
HC_StepCompare_Step 0 — Step Aborted |—HC_StepCompars_Aborted O
HC_StepCompare_lntputEnable 0 —|OntpntEnable Error |—HC_StepCompare_Error_0
HC_StepCompare InterruptMap 0 — Interruptiap ErrorID —HC StepCompare ErrorID O
StartPosition EndPosition
Ehae | | [ | I
Step Step Step
R NS (N+5tep ------ { M > o { K >
=Efss L.

12.7.3 HC_ArrayCompare Instruction
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This instruction enables multi-position continuous comparison between the counter axis and an array. When the
power flow is active, the counter axis position is compared sequentially starting from the first array element. After a
match, it proceeds to the next array element. A Done signal is output after the last array position is compared.

e ArrayLength sets the array length. Once all positions defined by the array length are compared, the Done
signal remains active, completing the multi-position comparison.

e The output parameter NextIndex indicates the next comparison point index (i.e., the count of completed
matches).

M106 HC_ArrayCompare
{1 Enable
HC_ArrayCompare_fxis_0—Axis HextIndex —HC_ArrayCompare NextIndex O
HC_ArrayCompare_frray 0 — Array Done —HC_#rrayCompare_Done_0O
HC_ArrayCompare_Size 0 —Size Busy —H0_irrayCompare_Busy O
HC_hrrayCompare_OutputEnable 0 — OutputEnable Aborted —HC_prrayCompare_sborted 0
HC_ArrayCompare_InterruptMap_0 — Interruptilap Error —HC_frrayCompare_Error_0
ErrorID —HC_ArravCompare_ErrorID_ 0O

PLO] P[1] PL2] Pin-1]
Heefu® | | [ . I
samesn (DY) = (1) = (1) = (®)
SERLES .

12.8 High-Speed Hardware Compare Output

The counter axis enables position comparison hardware output. When the counter axis matches the comparison
position, the hardware circuitry directly turns the output ON with a delay of less than 1ms.

e Configuring comparison output for the counter axis:

In the counter axis parameter settings, check the “Compare output enable”, select an output terminal (YO~Y3),
and set the pulse width (time or user units) for the ON state.

Pragiting

[ P s EE%E: - R e ekl ms -

Note:
»  When pulse width is set in time units, the precision is 1ms, with a maximum width of 6500ms; When set in
pulse units, the maximum width corresponds to 65535 pulses.

Enabling the OutputEnable Parameter in Compare Instructions

For HC_Compare, HC_StepCompare, and HC_ArrayCompare instructions, setting OutputEnable to 1 links the
comparison match to hardware output.

When a comparison match occurs, the hardware circuitry directly turns the configured output terminal (YO0~Y3)
ON. The output reverts to OFF after the specified pulse width duration.

Mi05
i |

HC_StepCompare

Enahle

HC_StepCompare fxis 0 —{hxis HextPosition —HC StepCompare NextPositien 0

HC_StepCompare StartFosition 0 —|StartPosition Done —HC_StepCompare _Dlome 0

HC_StepCompare_EndPosition 0 —EndPozition Busy [—HC_StepCompare Busy [

HC_StepCompare Step 0 —{Step Aborted [ —HC_StepCompare_Aborted 0

HC_StepCompare_OutputEnable_0 — OutputEnable Error —HC_StepCompare_Error_

HC_StepCompare Interruptlap 0 — InterruptMap ErrorID —HC_StepCompare_ErrorID_0

- 207 -



High-Speed Counter SH100/300/SH500 PLC Programming and Application Manual

FO Pl P2 Fn
Hhss{iE | | [ |
>l > |
sz (DD (D) = @) = @) - (@)
R ]

Note:

» High-speed comparison hardware output is controlled directly via hardware circuits. The output state cannot be
monitored through Y soft elements in the program. The Y soft elements and comparison output share an OR-
logic control over the output port. If a Y soft element keeps the output ON, the actual port remains ON regardless
of comparison results.

VT |
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12.9 Compare Interrupt

When the counter axis matches a comparison position, it can trigger a comparison interrupt to execute an
interrupt subprogram, with configuration steps as below:

nE

M EATEES)
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----- [F] FBTE =
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2. Right-click the inserted interrupt subprogram (e.g., INT_01) and select Property to open the interrupt

subprogram settings péage-i _____ VAR -
: INT_01 X

Erd===t

[T 0] |
1E&:

| |
BRI
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3. Click “...”, select Position comparison interrupt 1 under Interrupt Event, then click OK. Write the interrupt
logic in INT_01.
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4. Inthe main or subprogram, call HC_Compare, HC_StepCompare, or HC_ArrayCompare instructions, and
link the InterruptMap parameter to the comparison interrupt number. Enable El and SM71 in the program.
A comparison match will trigger the corresponding interrupt subprogram.

Mios

HC_StepCompars_fxiz O 0 i

HC_StepCompare_StartFosition 0
HC_StepCompare_EndPosition O
HC_StepCompare_Step 0
HC_StepCompare_DutputEnable 0
HC_StepCompare_InterruptMap 0

HC_StepCompare
Enable

iz HextPosition 0. 000000 HC_StepConpare NextFosition 0
StartFosition Dome— __ OFF  |HC_StepCompare_lleme 0
EndFosition Busy—{  OFF  |HC_StepCompare_Busy 0

Step Aborted—{  OFF  |HC StepCompare_aborted O
DutputEnsble Error(—{ 0OFF  |HC StepCompare Error_ O

InterruptMap ErrorID—[ 0  |HC StepCompare ErrorID 0
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13 Interpolation

13.1 Introduction to Interpolation

13.1.1 Overview

Interpolation operates in a spatial Cartesian coordinate system, supporting linear interpolation, circular
interpolation, helical interpolation, and 3D circular interpolation. The interpolation function is implemented through

axis groups.
® Each axis group can control up to 8 motion axes, including three coordinate axes (X, Y, Z) and auxiliary axes
(A, B,C, H,W).

® The SH series supports up to 8 axis groups. Each group can be configured as 2-axis (XY), 3-axis (XYZ), or 4-
axis (XYZ + one auxiliary axis).

® Linear and circular interpolation support buffer mode. Each axis group can buffer up to 8 curves, with
individually configurable transition modes between curves (for buffer and transition details, refer to Interrupt +
No Transition).

® \When an axis group executes interpolation, single-axis instructions (e.g., MC_MoveAbsolute, MC_Stop) are
prohibited if the PLCopen state machine of any axis is in the SynchronizedMotion state. Single-axis motion
instructions (e.g., MC_MoveAbsolute, MC_MoveRelative, MC_Jog, MC_Home) can be executed only when
the axis is in the StandStill state.

A
74

<<i

e

Vz 1

X &l

Spatial Cartesian Coordinate System

In the diagram, VX, Vy, Vz represent the component velocities of the three coordinate axes, corresponding to
the actual speeds of the servo axes. V denotes the real-time speed of the interpolated curve. a, B, and y represent the
angles between the velocity vector and the coordinate axes.

0
| >
- +

Linear Coordinate System for Auxiliary Axes
e During linear interpolation, the motion control axes (X, Y, Z) move along their respective coordinate axes,
while auxiliary axes travel linearly from their starting to ending positions.
e During circular interpolation, a plane (XY, YZ, or XZ) is selected for the circular motion. If additional axes
are configured in the axis group, these axes move linearly from their starting to ending positions.

13.1.2 Axis Group Instruction List

The axis group control instructions are listed below. For details, refer to the SH Series PLC Instruction Manual.

Instruction Name
MC_MoveLinear Linear interpolation
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MC_MoveCircular Circular interpolation
MC_GroupStop Stop axis group motion
MC_GroupPause Pause axis group motion

13.1.3 Configuration Interface
In Project Manager area, right-click Axis Group Configuration>Add Group, and double-click to open its
configuration interface.

RTEEER(A)
Wik EREE D)

The axis group configuration interface includes two sections: Basic Settings and Parameter Settings.
Basic Settings

{3 Group 0 x
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e Group ID: Assigns a unique identifier to the axis group.
e Coordinate Axis: Selects coordinate axes. X and Y axes are mandatory; Z and auxiliary axes are optional.
Axes can be shared across different axis groups.
Parameter Settings

£} Group 0 x | £} Axis 3 |

EFRE

Boin mis
pouas mitsa
sromue mitsa

RUEAE | ZREHEIE

e Maximum Speed: In linear interpolation mode, specifies the maximum interpolation speed for spatial linear
motion; in circular interpolation mode, defines the maximum linear velocity for circular motion.

e Maximum Acceleration: In linear interpolation mode, sets the maximum interpolation acceleration for spatial
linear motion; in circular interpolation mode, defines the maximum acceleration for circular motion.

e Stop Method: Determines the stopping method when a fault occurs in the axis group.

13.2 Axis Group Interpolation Example

13.2.1 Overview

To execute interpolation instructions correctly, first create an axis group and enable the axes within the group.
The basic workflow is shown below:
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Axis Group Interpolation Operation Flowchart

Note

»  Even after creating an axis group, single-axis motion and control instructions can still be executed for axes
within the group. However, single-axis motion instructions and axis group interpolation instructions are
mutually exclusive; they cannot be executed simultaneously or interrupt each other.

This section provides an example to demonstrate the basic workflow for configuring Axis_0, Axis_1, Axis_2,
and Axis_3 into an axis group and executing interpolation actions.

13.2.2 Creating an Axis Group
1. In Project Manager area, right-click Axis Group Configuration>Add Group, and double-click to open its
configuration interface. Configure coordinate axes, auxiliary axes, and set relevant parameters.
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13.2.3 Enabling the Axis Group
Each individual axis in the group is enabled or disabled via the MC_Power instruction. Axis group instructions
can be executed only when all axes in the group are enabled.
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o BC_Power
— | Ensble
Joei =0 —{ i = Status[—30
Busy [—51
Error [—52
ErrorID Y40
BC_Power
Ensble
Joei sl —{ i s Status|—53
Busy [—54
Error [—35
ErrorID Y42
NC_Fower
Enable
Joci 2 —{ ek = Status (—36
Busy 57
Ervor 55
ErrorID 44
NC_Fower
Enable
Joci 53 —{ ek = Status (—59
Busy 510
Error —511
ErrorID Y46

13.2.4 Linear Interpolation

1. The axis group’s linear interpolation is executed via the MC MoveLinear instruction. When all axes in the
group are in the StandStill state, triggering Execute starts the linear interpolation, transitioning all axes to
the SynchronizedMotion state. Single-axis motion instructions (e.g., MC_MoveAbsolute, MC_Stop) are
prohibited during this state.

2. After completing the interpolation, all axes return to the StandStill state, allowing single-axis instructions
to resume.

Example

1. This example uses absolute positioning to move the X, Y, and Z axes to position (100, 100, 100), while

positioning the auxiliary axis to 50.

sSM1
L RMOY 100. 0000 D100 ]
DI IETT R RIS S B
RMOV 150. 0000 Dloz . ]
TS S B
MOV 200. 0000 D104 . 1
RERIHE S B
RMOV 250. 0000 Dlog N ]
i3 £ S S B
n2 EC_NovelLinear
{ | Execute
0— AxisGroup Done —S100
[ Speedicde Busy [—5101
. D100 —|Fosition hetuve —5102
[adnadiited N ihed
10. 00000 —|Velocity ahorted —S5103
10. 00000 —{Acceleration Error —5104
10. 00000 —|Deceleration ErrorID —W10
10. 00000 — Jerk
1—|AbsRelllode
[ BufferMode
[ TransitienMede
[ ] TransitionParameter

13.2.5 Circular Interpolation

The axis group’s circular interpolation is executed via the MC MoveCircular instruction. The state transitions
in the PLCopen state machine follow the same rules as linear interpolation.
Example

This example performs circular interpolation in the XY plane, while the Z axis and auxiliary axis execute
synchronized linear motion. The circular interpolation uses via-point mode with absolute positioning, passing through
(150, 25) and ending at (200, 0). The Z axis and auxiliary axis are positioned to 100.

For detailed parameters of circular interpolation, please refer to the SH Series PLC Instruction Manual.
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SM1
e M wra RIDY 160, 0000 500
FHAIETT B =il
Ly 2600000 0z 1
VRS
Ly 200. 0000 I&10 1
EER
RV 0. 000000 1512 ]
TS
RV 100. 0000 1514 ]
i
RV 100, 0000 1516
[ g =)
ML NC_MoveCircular
1t Execute
0 — o s onp Tene [—M300
[]—{Speeditede Busy [—M301
0 —|Cireizes Aeturs [ M0302
0 —|CirdMods Bhertad [ M303
1500 —| wuxFoint Error [—W30a
b bt
D610 — EndFoint ErvorID —W%300
U T
5. 000000 —{¥eloci ty
5. 000000 —{Aeesleration
5. 000000 —{Deeelarstion
1000, 000 —| Jerk
[]—{Fathcheics
[]—{ kbsRelMode
[]—{Bufferllode
[ Transi tionfede
[ ] {Tran=sitienParameter

13.2.6 Axis Group Stop

1. The MC_GroupStop command stops the execution of interpolation curves. It interrupts the interpolation
on the rising edge of Execute, and the CommandAborted output is activated.
2. Triggering the interpolation command while Execute=TRUE is invalid. Execute must be set to FALSE to
restart a new interpolation command.
3. This command can be called only when all axes in the group are in the StandStill or SynchronizedMotion
state. During the Execute phase, axes remain in SynchronizedMotion.
4. MC_GroupStop stops only interpolation curves; it does not affect single-axis motion commands (e.g.,
MC_MoveAbsolute).
Example
In this example, the following command is called during linear or circular interpolation to halt the interpolation
curve using deceleration stop mode with a deceleration of 1000.

Mi12 HEC_GroupStop
|| Execute
0 — hxi=Group Done — 3600
01— StopMode Bu=yy —3601
10, 00000 —Deceleration Error —SGE0Z
1000, 000 — Jerk ErrorID —%500

13.2.7 Axis Group Pause

The MC_GroupPause command pauses or resumes interpolation curves. Setting Enable=TRUE pauses the
interpolation, while Enable=FALSE resumes execution.

MC_GroupPause pauses only interpolation curves; it does not affect single-axis motion commands (e.g.,
MC_MoveAbsolute).
Example

In this example, the following command is called during linear or circular interpolation to pause the interpolation
curve with a deceleration of 5000.
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Mi13 EC_GroupPaunse
| | Execute

0 —{ i =Group Dlome — 5605

Busy —5506
Aborted | —S507
Error —S505

ErrorID —WY504

13.3 Buffer and Transition
13.3.1 Overview

® Buffer mode defines the execution flow when multiple interpolation instructions are activated
simultaneously.

® Transition mode specifies the method for switching between curve segments.

® Four buffering and transition combination modes are supported:

No. Buffer Mode Description
0 Break + No transition Immediately switch to the next block without transition curve.
1 Buffer + No transition Execute the buffered block after deceleration of the first segment
completes, no transition curve.
2 Merge with previous Move to the end of the first segment at current velocity and execute the
velocity + No transition second segment at the first segment's rate.
3 Angular transition With transition curve; deceleration of the first segment overlaps with
acceleration of the second segment.

13.3.2 Interrupt + No transition
First, execute the first interpolation instruction. If the second interpolation instruction with "Interrupt + No
transition” buffer mode is triggered before the first linear segment completes, the second instruction will immediately
interrupt the first one and execute the new interpolation curve.
At the interruption point, the new curve maintains the original speed and recalculates component velocities for
axes (e.g., X, Y) as shown in the figure below:
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13.3.3 Buffer + No transition
First, execute the first interpolation instruction. If the second interpolation instruction with "Buffer + No
transition” buffer mode is triggered before the first linear segment completes, the interpolator will continue executing
the first instruction.
The second instruction starts execution only after the first instruction completes and outputs a valid Done signal,
as shown in the figure below:

-215-



Interpolation SH100/300/SH500 PLC Programming and Application Manual

YAAR
B2 | =30
I
H£1 |
I
& ax B
I ‘ : XEEAT
| sEE | [
XERIREhHH | il | |
[iasht 342225 | | |
l L\
! 1
I |
| |
= J—
: | !
| |

13.3.4 Merge with previous velocity + No transition
First, execute the first interpolation instruction. If the second interpolation instruction is triggered before the first
linear segment completes and its buffer mode is set to "Merge with previous velocity + No transition," the interpolator
will maintain the target speed of the first instruction until the current linear segment finishes.
The second instruction starts execution only after the first instruction completes and outputs a valid Done signal.
At the transition point, the velocity remains unchanged, and the axis velocity components (e.g., X, Y) are reallocated,
as shown in the figure below:
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This mode is particularly suitable for transitions between linear and circular paths where the linear segment lies
tangent to the circular arc, ensuring continuous interpolation speed.

A B

)

13.3.5 Angular transition
First, execute the first interpolation instruction. If the second interpolation instruction is triggered before the first
linear segment completes and its buffer mode is set to "Additional corner transition,” the interpolator initiates the
second instruction when the first segment begins deceleration. The final component velocities of each axis are the
sum of the velocities from both instructions, as shown in the figure below:
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14 Electronic Cam

14.1 Introduction to Electronic Cam

An electronic cam essentially describes the motion relationship where a slave axis follows a master axis, defined

either by cam table data or electronic gear ratio.

® Cam tables support up to 361 key points. Electronic gear ratios maintain a fixed proportional relationship
between master and slave axes.

® Electronic gears require only numerator/denominator ratio settings without cam table configuration. Electronic
cams require predefined cam table data.

® Programming software supports 16 configurable cam tables, with 8 simultaneously active. Each cam table
allows a maximum of 361 key points.

® Cam tables permit dynamic addition, deletion, or modification of key points during operation. Modified cam
tables take effect in the next cam cycle.

14.2 Software Configuration

14.2.1 Overview
1. Inthe Project Manager area, right-click "E-Cam", and select "Add Configuration" to create a new cam table
(CAMO).
&-[F] FBlaEE
.[F] FB.O1
----- [F] FCEzm

- Efeke

CANMI1
CAMZ

2% amrTimes

2. Double-click "CAMO" to access its configuration interface. The cam table interface includes a graphical
editing area (left) and a parameter point editing area (right).

L o G R0 WOL0D BO0G0  A0W.0N  BNO000 60000 OO0 W00 0000 1000000
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14.2.2 Cam Table Specifications

When creating a cam table, adhere to the following specifications:

Iltem Description

Total key points per cam table 361

Total configurable cam tables 16

Number of cam tables executable 16

simultaneously in PLC

Cam table switching during operation Modify the cam table using the MC_Camin instruction,
taking effect in the next cam cycle.

Cam data read/write Cam table data, such as phase and displacement, can be
read via instructions.
Key point data can be directly edited and applied using
the MC_GenerateCamTable instruction.

14.2.3 Cam Node Configuration

Users can configure cam nodes in the parameter point editing area based on application requirements. Click "+"
to add a new cam node data row for editing. Select a node row and click "x' to delete it.

OF 1z ot e KH BH

B oy ® Z (nn) St
KR
MEEEE: | 500.00 | — |toooo.oo | Bt

FHuE  Mum bR 5 el SRV (N 5
0.0 0. 00 0. 90| Ha

1
2 2090, 13 3607, 45 0.90| BiE + *
3 G545, 49 BEGL. 53| -1, 69 | FarERsE + *
4| 10000, 00 000  -1.69 Hif

Table 17-1 Cam Node Parameter Descriptions

Parameter Description
M-Pos Master axis phase (relative mode).
S-Pos Slave axis displacement (relative mode).
PU-Speed Connection speed
(auto-generated for line curves; manually set for 5th-order splines).
Type Curve type selection
Line: linear; Spline: 5th-order curve

Note

»  The first node's M-Pos and S-Pos default to 0 and cannot be modified.

»  M-Pos values must be in ascending order.

»  The last node's M-Pos defines the master axis cycle length; no separate cycle setting is required.

14.2.4 Cam Curve Configuration
Users can configure cam curves (position, speed ratio, and acceleration ratio curves) in the graphical editing
area based on application requirements.
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x
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0.002432 T T T
0.001216 + +
0. 000000
=0.001218 t i t
=0.002432 T T
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0.00 100000 2000.00 300000  4000.00  5000.00  6000.00  7000.00  B000.00  GO00.0D 10000, 00

Notes

® For position curves, key points can be dragged vertically/horizontally; for speed ratio curves, key points can
only be dragged vertically; for acceleration ratio curves, editing is disabled.

® The last key point can only be vertically dragged; horizontal dragging is disabled. To adjust its horizontal
position, manually modify the data in the right-side toolbar.

® Hovering the mouse over any coordinate area displays precise position values.

® Right-click to insert or delete key points.

14.2.5 Import/Export

Individual cam tables can be exported/imported. Double-click the target electronic cam table, then select
"Import" or "Export" to import/export the cam table in CSV format.

BT O
® @AM TKHI =10
Biu: g ® =24 (nm) SRt
R
MhigeEE: |—500.00 | -|1nouo.un | Srati |
E= ORI 0 xu { AE . == IR - P . &
1 0,00 1.48|1A
2 3545 20 1.49| B + *
3 4776 46 G96S. 75 0.00 | 7 ghek + *
4 6795, 45 482,96  -1.09| Ak + b
5| 10000, 00 0.000 -1.09 Bif +
14.3 Electronic Cam Operations
14.3.1 Gear Motion
Functional Diagram
fEReferenceType §i E
i e Dk
s a1 ¥ .
R ’ RS
or B}
R VA=
RE
CE T R A

Function Description:
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Supported master/slave axis types for gear motion:
e Master axis: Bus servo axis, local pulse axis, local encoder axis, bus encoder axis (currently unsupported).
e Slave axes: Bus servo axis and local pulse axis.
(1) Gear motion is initiated via the MC_Gearln and terminated using MC_GearOut or MC_Stop (forced stop).
(2) After initiation, the slave axis accelerates/decelerates to match the target speed (master axis speed < gear
ratio). Catching phase: Before reaching the target speed. InGear phase: After synchronization.
(3) A positive gear ratio drives the Slave axis in the same direction as the Master; a negative ratio drives it in
the opposite direction.
Example
Description: Configure two bus servo axes, with the second axis following the first in a 1:1 gear ratio.
Steps:
1. Create a project with two bus servo axes, with Axis_0 as master axis (bound to SD710 drive) and Axis_1 as

slave axis (bound to SD710 drive).
- BREE

----- M EtherMet

o S
"o [

L} Axis1_MEH

b Axis2

{:} Axis3

EEEE

-} Group0

- EtherCAT

©.{} 0 - SD710 ECAT V1.2 G

£} 1-SDT10_ECAT V1.2.G

2. Use the MC_Power instruction to enable the master and slave axes.

MO MC_Power
| | Enable

AxisO_____ 0 M axis Status 0N S0
Busy—{____Ox  ]s1

Error OFF S2

BrrorID—— T W0

MC_Power
Enable
1—Axis Status ON S3

Busy ON 54
Error[{ OFF 1S3
ErrorIDH 0 w2

3. Use the MC Jog instruction to control the master axis’s forward/reverse motion.

Mo EC_Jog
it Enable
0—Azis Busy—{  OFF 5100
M1 M dMad Mborted — TFF ]s101
Dy
T no OFF MForward Error—{ _ OFF  |si02
M1 Backward ErrorID 0 0z

5. 000000 —Velocity
£, 000000 —{ Aeceleration

&, 000000 —{Deceleration

1000. 000 —{ Jerk

4. Execute gear synchronization via the MC_Gearln instruction with a gear ratio of 1:1.
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M3 EC_GearIn
i Execute
1 —5lave InGear(—  OH 5200
0 —{Master Busy|[ [ OR _ ]sent
1 —{Referencelype hetive—{ OF  JszOz
1.000000 —{RatioHumeratar Bhorted [ OFF 5203
1.000000 — RaticDenominater Error - OFF 5204
[ 1Hheceleration FBrroxID— 0 %200
[ 1{Deceleration
| I
[ }{BufferMode

5. Terminate the gear operation using the MC_GearOut instruction.

MiE HC_GearOut
| Execute
1 —5lave Dome—[  OFF  ]5300
10, 00000 —{ Deceleration Busy—[  OFF 5301
[ HCurvetype Aborted T OFF 5302
T Outhede Ervor[— OFF  ]3303
ErrorID— 0 %300

14.3.2 Cam Motion

Functional Diagram
Cam maotion synchronizes the slave axis with the master axis position based on a predefined cam table.

#EReferenceType i i MESEh(E
[y k= Mz - EE
EE
BHFESIE

Function Description:

Supported master/slave axis types for cam motion:

e Master axis: Bus servo axis, local pulse axis, local encoder axis, and virtual axis.

e Slave axis: Bus servo axis and local pulse axis.

Cam motion is initiated or modified (cam table switching) via the MC_Camln instruction, and terminated using
MC_CamOut or MC_Stop (forced stop).

Typical cam structure is as follows: The master axis performs periodic rotational motion, while the slave axis
executes reciprocating motion under the master axis’s control.

g

-

il S

Electronic cams emulate this structure: A master axis (bus servo, local pulse, local encoder, or remote encoder
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axis) and a slave axis (bus servo or local pulse axis) synchronize under a configured cam curve.

14.3.3 Cam Curve

A cam curve is defined in a 2D coordinate system where the X-axis represents the master axis phase and the Y-
axis represents the slave axis displacement. Key points are set in the system, connected by specified curves (e.g.,
linear or 5th-order splines), forming the cam curve.

(X2

60 |- Fe

o] /

|
100 200 300 R

Cam Table
Phase Displacement
Start point 0 0
80 30
160 50
240 20
End point 360 0

For detailed functionality, refer to the MC_CamlIn and MC_CamOut instructions in the “Electronic Cam
Instructions” section of the instruction manual.

Example
AXxis_0 serves as the master cam axis, and Axis_1 follows Axis_0 in cam motion.
Steps:
1. Create a project with two bus servo axes, with Axis_0 as master axis (bound to SD710 drive) and Axis_1
as slave axis (bound to SD710 dl_rl_il}lle).

[T LT

o0 HES
o= | Axis0 3

0
i

--£3[0 - SD710_ECAT V1.2_G
3|1 - SD710 ECAT V12 G

2. Create a cam table.

-223-



Electronic Cam SH100/300/SH500 PLC Programming and Application Manual

>

]
50.00
5300
@ ki) s 46.00
39,00
: 32.00
15,00
A 00 | -@® LR 18,00
100
s |
-3.00
EE T T A -100p
7 (e o0 00 7200 10800 1400 160.00  206.00  B200  260.00 32400 360.00
2 mw ww  ommmmr| + % B
3 mm s +x 0.85 - - - - .
FI T +oox 0.6 [E
5 sm o ¥ oel
0,34
o1
0.00 6
-0.17
-0.31
-0.51 3
e 548
0,55
8.00 %00 7200 W00 lelo0  IB0.00 20800 25200 2800 32600 36000
i
0.048174
003880
0.027708 -
0.016470 L=
0,009z38 ~ ==
)
0
-0.038840
e ) S ew mm wem @m0 @ewn  mew o @m0

3. Enable the master and slave axes via the MC_Power instruction.

MO HC_Power
. Enable
P o] I Status—{ 00 ]s0
Busy—{ O st
Error OFF 52
ErrorID— 0 W0
HC_Fower
Enable
1 —hxis Status [ OW =3
Busy—{ OH 54
Error[—{  OFF  |s&
ErrorID— 0 w2

4. Control the master axis’s forward/reverse motion via the MC Jog instruction.

Mi0 HC_Jog
1 Enable
0 —huis Busy—{_ O ]s100
M1 - Speediiod Aborted— OFF si0l
] 1
T Mio [ I HForward Frror — _ OFF 3102
MI[OFF  HBackward ErrorID 0 w102

5. 000000 — Veloei ty
5. 000000 — hcceleration

5. 000000 —{ Deceleration

1000. 000 — Terk

5. Execute cam synchronization via the MC_Camln instruction.

Mi8 NC_CanIn

i Execute
1 —{Slave End0fProfile - OFF ]800
0 —Master InSyne—[ W ]s&01
0 —{CamTable Busy(—  Om  ]s602
1 —|StartMode hetive - OW  ]s803
0—Feriodic Bborted—{ OFF 3604
| —|Referencelype Errer [ __ OFF _ ]3608
0 —Direction ErroxID—___ 0O &0

1.000000 —|Master0ffzet
1.000000 —Slavedffset
1.000000 —|MasterSealing
1.000000 —SlaveSealing
[ 1 {MasterStartDistance
[ M {AectivatiorPositien
[ 1 {BufferMode

6. Terminate the cam operation using the MC_CamOut instruction.
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mr
{

14.3.4 Cam Table

(1) Cam Table Overview

In the cam module, cam data is defined as paired values consisting of master axis phase and slave axis

1 -

1000. 000 —|
|
|

HC_Cam0ut
Execute
Slave Done —[  OFF  ]5230
FH——OfF — sz31
FH——OrF  sese
FH——OrF — sess

FH— 0 wess

Deceleration Busy

Curvetype Aborted

OutMode Error

ErrorID

displacement. A cam table comprises multiple sets of cam data.

Phase and displacement values in the cam table are expressed as relative quantities starting from the start point

"0.0".

During cam operation, slave axis displacement is calculated based on master axis phase and configured curve

type to control slave axis motion.

R

AT 25V JTARAIE S B 2 ()P B 2R AR B L P T

$ AR I IR S
L T e wmke
e | e 60w bR
foy=y 0 0 F ._-l-—i-..._.
80 30 w0 e .
160 50 r e \
240 20 207 yd "*i~—-\_\
wm| 360 0 e N
I ‘ I I IE;D I Ztllﬂ I I 3(30
Cam data within cam tables can be modified through user programs.
14.3.5 Cam Table Specifications
The following specifications apply when creating cam tables:
Table 7-1 Cam Table Specifications
Item Description
Total key points per cam table 361
Total configurable cam tables 16

Number of cam tables executable
simultaneously in PLC

8

Cam table switching during operation

Use MC_Camin instruction to switch cam tables. Current cam
operation must be terminated before reactivating cam coupling.

Cam data read/write

MC_Gen

Directly modify cam key points in tables. Changes take effect via

erateCamTable and apply in the next cam cycle.

Cam table save

cycle.

Parameters modified through MC_GenerateCamTable are not hold.
Original cam table data from the project must be reloaded after power

14.3.6 Create Cam Tables

Cam table variables can only be created via the background system. Each added cam table automatically
generates a cam table variable. CAMO~CAM16 correspond to numbers 0~16 and serve as input parameters for cam

instructions (CamTable).
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TeeE: R x M maIN® x
[5] SBR.02 ~
[1] INT_01
ne BC_Caal:

-[F| Felngss L e e

El FB.07 1 {slave EnddfProfile 3600
[F] FCEm 0 —{Master InSyne |—5601
[5 e | 0—|CanTabls | Fusy |—se02
E s 1 —StartMode Active [—5603
L T RERES
TR 0 —{Perindic Kborted [—3604
e

i ICAVO IR / 1 —| ReferenceType Eeror 5605

0—Direction ErrorID —WE00
1.000000 —|MasterDff=et
1.000000 — Slavenffset
1.000000 — MasterScaling
1.000000 — SlaveScaling

[ ]—{MasterStartliztance

[ ] ActivationFosition
1 —{Bufferhlode

14.3.7 Modify Cam Data

Cam data can be modified through the following methods: Adjust the number of key points in the cam table.
Changes take effect via the MC_GenerateCamTable instruction and apply in the next cam cycle.

Original
Key Point Master Slave
Position Position
1 80 30
2 160 50
3 360 100

Modified
Key Point | Master Position Slave
Position
1 80 30
2 200 70
3 360 100

Program Example:
(1) Manually create a cam table structure array in the program, as shown below.

(2) Execute the MC_GenerateCamTable instruction. Input the starting address of the structure array into the
CamNode parameter, modify key point values at corresponding addresses, and set M8 to ON. The Done

L} VAR Z* x| [®] EMT_1

CAM_Data_ARRY[1]
CHM_Data_RRY[2]
CAM_Data_aRRY[3]

Struct_CAM Data
Struct_CAM Data
Struct_CAM Data

S TEER HrigeAl HHR1E b A P e | R s e KA 17

1 CAM Data ARRY Struct_CAM Datal4] AR P 540

EE *
TEEH #rigeal FriFiit HHRIE 3B

[ CAM_Data_AREY Struct_CAM Datal[4]
[=] CAM_Data ARRY[0] |Struct_CAM Data

Master_Pos EEAL 0. 000000 1 /l\_‘ \‘E(ﬁ@éag @HE
Slave_Fos REAL 0. 000000
Speed FEAL 0. 000000 /
Shape_up REAL 0. 000000
Shaps DINT i

signal outputs ON upon completion, as shown in the figure below:

[ AN x

B

o

| CAM_Data ARRE[0] Waster_Pos[ 0000000

T ——

4 —{ Hods}

=]

14.3.8 Master Axis Phase Compensation

This function compensates the phase of the master axis (observed from the slave axis) during operation.

The MC_Phasing (master axis relative phase compensation) instruction enables phase compensation for
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synchronization control,

and configuration for parameters such as phase compensation amount, target velocity, acceleration, and
deceleration.

Execute

Done

Busy l
MM ERRZE
JLAE == o SRRREYE B -

/
T
// -
MMIETEERY
FWEE Ak
7\
AT =

14.3.9 Motion Superposition
The MC_MoveSuperlmposed instruction enables motion superposition for motion-controlled axes, and
configuration for parameters such as displacement compensation amount, target velocity, acceleration, and
deceleration.

Execute
Done
Busy
M
Bl
St [tﬁ
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15 Offline Simulation

15.1 Overview

AutoSoft V1.12.10.3 and above versions support offline debugging.
® Users can debug program logic offline through this function.
® The offline debugging includes module configuration, communication, online modifications, and a status
monitoring interface for real-time tracking of PLC and module 1/O channel states. It also integrates with
HMI online simulation for hardware-free debugging.
The supported and unsupported functions are listed below.

Supported/Unsuppo Category Description
rted

Main program, subprogram, FB/FC

Program Timed interrupt subprogram
Online modification

Communication Ethernet Modbus TCP protocol

Supported HMI online simulation via specified ports

Instruction Basic instructions (some are excluded; see details below)

Extension Virtual extension module 1/0O, local DI/DO

Other functions RTC clock (uses Windows system clock; PLC time setting not

supported).

Consistent with the PLC

Basic Time setting

Entering/exiting offline debugging during compilation, download,
or firmware upgrade

Program Hardware/edge/comparison interrupts
Motion control Bus encoder axis
Unsupported Local pulse axis, EtherCAT bus servo axis
Local encoder axis
Communication Serial communication
CANopen
EtherCAT communication/instructions
Instruction High-speed I/0O, control calculation, communication, positioning,

electronic cam, EtherCAT, axis group, CANopen axis, MC axis,
Ethernet free protocol, local high-speed counter, etc.

Note
» Unsupported features will remain non-functional but not interfere with offline debugging, requiring no special
program modifications.

15.2 Offline Simulation Starting

Prerequisites: A new or existing project requiring offline debugging is opened.
1. Click ! in the toolbar to activate the Simulator, and run the PLC program, as shown below:
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Qe EN@[E& [ R T B

b3 [ maIN* x | [S] sBR 02

'S

5 Simulator .2. - [m] *

%0 = [ro]feze |
.

VH523-0808TN
IPHLhE: 192.168.1.139
114 9016

®
alalalolalelole
0]0]0]0]0]610])

Interface Description
No. Description

(D Operation  |Set PLC state to Run or Stop during offline operation.

(2 Settings PLC Type: Select the PLC model for offline simulation. The 1/O display quantity will match
the selected model.
Language: Supports Chinese or English.

Top Most: When checked, the simulation panel remains visible over other software

interfaces.
3 Panel 1/0 Panel: Click X (input) or Y (output) points to toggle their states.
IP address Displays the IP address and port for the current offline simulation.

Note:

After starting offline debugging, users can:

»  Monitor program execution status and PLC 1/O states online.
»  Modify or download PLC programs.

»  Perform online program modifications.

15.3 Digital Terminals Debugging

e Manually toggle the ON/OFF state of uncontrolled I/O point by directly clicking it. If an I/O point is already
controlled by the program, its state follows the program logic.

15.4 Simulation Debugging

15.4.1 Overview
SH series PLCs and V120/V130 can perform hardware-free simulation debugging using AutoSoft, VI120Studio3,
or VI30Studio. PLC and HMI communicate via the TCP monitoring protocol, supporting read/write operations for
custom variables and soft elements.

15.4.2 PLC Side Configuration
Internal communication eliminates PLC IP configuration for hardware-free debugging, requiring only PLC
variables export to HMI monitoring variable table.
1. After adding variables and compiling the user program, open the VAR _1 variable table. Right-click any area in
the table and select Export HMI Variable.
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2. Choose the export path, enter a file name, and click Save to generate a .csv file.
3. Click “Offline Simulation”. In the pop-up dialog, click Download, as shown below. (Offline simulation IP

address: 192.168.1.139)

TEE RO BEV WEEO PP WE0) IRM 00w Roe) 5
ae@ ][ [ [E]= ® B[E]
A4
Iaw=a 2 x MOMAIN x
o VI30tR " = B simulator - o x
o REES £ - BF0) RES)
=3 T w A ) VH523-0808TN
e e B . PHLhE.  192. 168. 1. 139
“ECATSlave wr 100 ¥ ] BI1%: 9016
] it
. 000 |
TRERTE t oo ¢ 1
8%
Q0000000
5w
[ MAIN
Jrerf (olololololololo)
1] INT_01
| Fammie
F Fediee
e
B R
& TR
Amzan

15.4.3 HMI Side Configuration

For hardware-free debugging, add a PLC connection and import the variable table on the HMI side. The steps

for V130 are as follows:
1. Create a new HMI project. Add a TCP/IP Parent Device 0, then click Device Manager to add a net tag, as

shown below:

< HMBESHRE - (1880 880
i B #BE FEM BA0 IRO BOW ZHH

2 I 2l F | R g
= :
T Tr0- (AR fe Tl —

Bl JF
B[ JF_S7_Smart200_LA...
Siemens_1200

ke T )F_S7_1500_LA....

k@ =% PRI,
kavFX3_ETHERNET

ki Fx5_ETHERNET

ka4 EOmronHostLi...

kv EXBSTFINS...

ki OmronFINSethernet

ki ModbusRTU_S...
#ModbusTCP

ki ModbusRTUEHIESE % ...
k@ ModbusTCPERTERE S ...
et SRR 23T HAHERES ..
k@ VeiChiModbusRTU

i
oo
e
fa

2. Double-click TCP/IP Parent Device 0 > Basic Properties > Set the PLC’s IP address and port address (HMI
IP does not require configuration), as shown below:
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3. Double-click Net Tag, click “...” in the Import Label row, select target tag, and click Import Label to
import them to HMI monitoring variable table (.csv file), as shown below:

almie] 2| 2| % Flw B

_E Exiadal
Booo R0 !Hh" en&# Lt L

. : s : eyl
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FEER wweE | wEan || aeveme
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e

samian|
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LEITCE
EEEEE

) |

4. Configure the Input Box Properties Setting and bind tag addresses. Compile the project after completion,
as shown below.

Bla| Sl sl 2| 2B
i

LS o (%=l @|[ioow <] E[[Ex
B2zl 2] 15[ EENE wlal als] #HE aREE el

BNEGHEERE

ExEE BB |pamt|wom |
SR BT

Lﬁ‘ 2| o | &‘

A EE

BAME 32768 2| BE [mETe B
AR
* (aF- SRS 1] SR -l
¢ oFes T akh P mEAA T ESkR

BB ! o Edddu |0 =

—

[Eﬁ 12, 345678 a5 [12 ‘

whw [[REG | wio | mio | #se |

EERE, FERE. 2 G Epdafee 3

15.4.4 Debug Starting

After completing HMI and PLC program editing and importing the variable table, launch AutoSoft’s offline
debugging and VI30’s online simulation to begln debugging, as shown below:

[E o
, r - 0 1 2
e Efind © B Anwil
o v ) | TEE
B mna: [T - T 0D e U EBHE
L 0 c THER —_—
P AREESE [ AEDESE .
PLCEIE ©AEFOET [ ARAENE
LA rAzAARE ¢ JR—

i TRmy
y'f:Tmm
n

Wl LeEAbE L] HMI&@

it
BATORANEES
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16 Troubleshooting

16.1 Hardware Indicators

The status of SH series panel indicators are defined as follows:

Type Mark Definition Indicator Description
10 indicator IN/OUT 10 status display  [Yellow-green e ON: Input/output is active
o OFF: Input/output is inactive
PWR Normal power Yellow-green e ON: Power supply is normal
supply ® OFF: Power supply is abnormal
RUN Normal operation [Yellow-green e Flash: User program is running
e OFF: User program is stopped
ERR Operation error Red e OFF: No serious errors
Operation indicator o Flash: A serious error has
occurred
CAT EtherCAT Yellow-green o OFF: Communication is
operation unsuccessful
o EtherCAT communication is
successful (remains flashing after
disconnection)
CAN CANopen Yellow-green e ON: Normal CAN communication
operation e Flash: Communication is setting
up
EtherNET1 [Ethernet indicator |Yellow-green e ON: Communication is successful
o Flash: Communication is setting
up
e OFF: Communication is
unsuccessful
EtherNET2 [Ethernet indicator [Yellow-green e ON: Communication is successful
e Flash: Communication is setting
up
e OFF: Communication is
unsuccessful

16.2 Software Diagnosis

16.2.1 PLC Basic Information

1.

following PLC basic information is displayed:

ESEEE0

Click the '@ icon on the toolbar to enter monitoring mode. In the bottom-right corner of the interface, the

2 x

LB
o
B T
=) CA_Data ARKY
=) CAN_Dats_AREY[0] Struo

FH#iE
it ] 23
56

THEER

PRI
E=aw, BER

(1) — PLC status indicator and

fault indicator

(2) — Current firmware version and program scan cycle
Table 21-1 Description of Indicator Status

Current Status

Fault Status

Green

PLC is running

Green

No error

Red

PLC is stopped

Red

Error

2.
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16.2.2 Historical Operation Faults
History faults log error messages that occurred during PLC operation. To view history faults:
1. Select Debug > History Fault from the menu bar to access the history fault page, as shown in the figure

below.
P m W =me

T~ HEEM) R [SIlfis] [ ] [ofi] Hol o]
pere i
i x
™ E Lk ia)
p— HipEFE:
[ = o= 1] HIRMD ERER ERIEE e 2R "
— 12[00:14:53 83[Step 511 f = (=] thiTE8:
|l 13/00:14:63 83|Step 527 £ (=l ATHEE

i 14/00:14:63 83 Step 543 HtHES BB TS
18/00:22:27 83 Step: 18 Bl B AT
16|00:22:27 83| Step 34 EitEs SR T
17002227 83| Step 60 3 =il AT
18/00:23:13 2715 [ I AR 2
15]06:16:22 057 | Eiety: B REHE TERA Eth
20/99:00:29 1 Ether CATJASEPITIS:
21/99:00:20 035 2 Ether CATSAPDORREE,
22/99:00:53 4 mE EERibn
23/99:00:53 A mENSELTEENE Etl
24/89:01:14 IS FeERss
5 125:3736 BB B S A B | Ether CATISIESTES
612543 37 = AR Ether CATIEIEST53

v
HiP REALAIRR I
e bkt iR HE BEH

History faults include: Time, Error Code, Error Info, Error Description, and Error Type.

2. Double-click the fault indicator in the bottom-right corner. A Current Fault dialog will pop up. Select
History Fault to view details, as shown in the figure below:

e © | TR
e * iR

e =
5 HA TRATESEARE R oR3
1/00:00 02 0 o EthercATEHE =
£ o
- v R
i =F e
£ AT
RN rhe T
i
G L] oh | sl
T
Z
HrEs wLRE il o |

Lol == o [=mmecoom: ¢ a;,

16.3 Error Code

When programming errors occur, the background software displays error codes by category. The table below
lists error code categories and corresponding resolutions:

16.3.1 System Errors SD3 (0-59)
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Code Category Information Description
User program is stopped; error indicator on.
10 SRAM error Resolution: Download new system configuration
file/Format.
User program is stopped; error indicator on.
11 FLASH error
Resolution: Power off and check hardware.
User program is stopped; error indicator on.
12 Communication port error
Resolution: Power off and check hardware.
User program is stopped; error indicator on.
13 RTC error
Resolution: Power off and check hardware.
User program is stopped; error indicator on.
14 12C error
Resolution: Power off and check hardware.
User program is stopped; error indicator on.
15 FPGA configuration error
Resolution: Power off and check hardware.
User program is stopped; error indicator on.
20 Local I/O critical error
Resolution: Power off and check hardware.
Error indicator flashes; auto-cleared when error
21 Faulty module ID Extension 1/O critical error
resolves.
Special module critical Error indicator flashes; auto-cleared when error
22 Faulty module ID
error resolves.
Error indicator flashes; auto-cleared when error
23 RTC refresh error
resolves.
Error indicator flashes; auto-cleared when error
24 EEPROM read/write error
resolves.
Error indicator flashes; auto-cleared when error
25 Local analog input error
resolves.
System special module Error indicator flashes; auto-cleared when error
26
config error resolves.
Error indicator flashes; auto-cleared when error
27 Battery voltage Low battery voltage
resolves.
Error indicator flashes; auto-cleared when error
28 CANOPEN operation error
resolves.
Error indicator flashes; auto-cleared when error
29 Left extension config error
resolves.
0x20: Excessive
30 communication Right extension error
errors
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0x40~0x4F:
Module 0~15
parameter
transmission errors
0x60~0x6F:
Module 0~15
parameter reception
errors

0x80~0x8F:
Module 0~15 ID
errors
OxAO~OxAF:
Module 0~15
parameter polling

errors

User program is stopped; error indicator on.
40 User program file error
Resolution: Download new program/Format.

User program is stopped; error indicator on.
41 System config file error Resolution: Download new system configuration

file/Format.

User program is stopped; error indicator on.
42 Data block file error
Resolution: Download new data block file/Format.

User program continues; error indicator flashes.
43 Retentive data loss error Resolution: Clear data/Format/Reset and no error

detected.

User program continues; error indicator flashes.
44 Force table loss error Resolution: Clear data/Format/Reset and no error

detected.

User program continues; error indicator flashes.
45 User info file error Resolution: Clear data/Format/Reset and no error

detected.

User program is stopped; error indicator on.
46 Power supply error
Resolution: Restore power supply.

16.3.2 Execution Errors SD20 (60~255)

Code Category Information Description

User program is stopped; error indicator
on.

60 User program compilation error
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61 User program execution timeout (L)Jnser program is stopped; error indicator
62 Instruction step Illegal user program instruction User program is stopped; error indicator
number execution on.
63 Instruction step lllegal operand type for instruction User program is stopped; error indicator
number on.
Instruction step
64 number Illegal operand value
65 Instruction step Operand address out of range
number
66 |n3trtl)10ti0” step Subroutine stack overflow User program continues; error indicator
numoer off, but error type code is recorded in
67 User interrupt request queue overflow | SD20.
Instruction step :
68 number Illegal label jump or subprogram call
69 Instruction step Division by zero
number
Occurs if stack size/element count is
70 Instruction step lllegal stack definition negative, :
number or element count exceeds stack size
limit.
71 Reserved
72 Instruction step Undefined user subprogram or
number interrupt subprogram
73 Instruction step Invalid special module address
number
Instruction step .
74 number Special module access error
75 Instruction step Immediate 1/O refresh error
number
76 Clock setting error
Instruction step . .
77 number PLSR instruction parameter error
78 Instruction step Special module BFM address out of
number bounds
Instruction step . L
81 number DSZR instruction in abnormal state
82 Instruction step CANOPEN axis control instruction
number execution error
83 Instruction step Instruction operation occupied by
number others
84 Instruction step TPID instruction concurrent auto-
number tuning limit exceeded
85 Instruction step Pointer accesses non-existent memory
number
Instruction step .
86 number Pointer access out of bounds
87 Left extension communication error
88 :]rlljs;]rgg:mn step User program compilation error cLJJnser program is stopped; error indicator

16.3.3 Serial Communication Errors SD50 (1000~1499)

Code Category Information Description
Table instruction

1001 number PORTO illegal function code
Table instruction

1002 number PORTO illegal register address
Table instruction

1003 number PORTO data count error
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Table instruction

PORTO communication timeout; exceeds user-defined maximum

1016 number communication time.

Table instruction
1017 number PORTO received data frame error

Table instruction
1018 number PORTO parameter error; invalid mode or master/slave configuration.

Table instruction PORTO station ID conflict; local station ID matches instruction-set
1019 number ID.

Table instruction PORTO address overflow; Received/sent data exceeds element
1020 number storage space.

Table instruction
1021 number PORTO command execution failed

Table instruction PORTO received address conflicts with requested address; stored in
1022 number error code element

Table instruction PORTO received function code conflicts with requested code; stored
1023 number in error code element

Table instruction PORTO frame error: Element start address mismatch; stored in error
1024 number code element

Table instruction PORTO data length/element count exceeds protocol/function code
1025 number limits.

Table instruction
1032 number PORTO CRC/LRC check error

Table instruction
1034 number PORTO element start address error

Table instruction
1035 number PORTO unsupported/illegal function code

Table instruction
1036 number PORTO element count error

Table instruction
1038 number PORTO parameter modification prohibited during operation

Table instruction
1039 number PORTO parameter password-protected
1040 Reserved

Table instruction
1101 number PORT1 illegal function code

Table instruction
1102 number PORT1 illegal register address

Table instruction
1103 number PORT1 data count error

Table instruction PORT1 communication timeout; exceeds user-defined maximum
1116 number communication time.

Table instruction
1117 number PORT1 received data frame error

Table instruction
1118 number PORT1 parameter error; invalid mode or master/slave configuration.

Table instruction PORT1 station ID conflict; local station ID matches instruction-set
1119 number ID.

Table instruction PORT1 address overflow; Received/sent data exceeds element
1120 number storage space.

Table instruction
1121 number PORT1 command execution failed

Table instruction PORT1 received address conflicts with requested address; stored in
1122 number error code element

Table instruction PORT1 received function code conflicts with requested code; stored
1123 number in error code element
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Table instruction

PORT1 frame error: Element start address mismatch; stored in error

1124 number code element
Table instruction PORT1 data length/element count exceeds protocol/function code
1125 number limits.
Table instruction
1132 number PORT1 CRC/LRC check error
Table instruction
1134 number PORT1 element start address error
Table instruction
1135 number PORT1 unsupported/illegal function code
Table instruction
1136 number PORT1 element count error
Table instruction
1138 number PORT1 parameter modification prohibited during operation
Table instruction
1139 number PORT1 parameter password-protected
Table instruction
1201 number PORT?2 illegal function code
Table instruction
1202 number PORT? illegal register address
Table instruction
1203 number PORT?2 data count error
Table instruction PORT?2 communication timeout; exceeds user-defined maximum
1216 number communication time.
Table instruction
1217 number PORT?2 received data frame error
Table instruction
1218 number PORT?2 parameter error; invalid mode or master/slave configuration.
Table instruction PORT?2 station ID conflict; local station ID matches instruction-set
1219 number ID.
Table instruction PORT?2 address overflow; Received/sent data exceeds element
1220 number storage space.
Table instruction
1221 number PORT?2 command execution failed
Table instruction PORT2 received address conflicts with requested address; stored in
1222 number error code element
Table instruction PORT2 received function code conflicts with requested code; stored
1223 number in error code element
Table instruction PORT2 frame error: Element start address mismatch; stored in error
1224 number code element
Table instruction PORT2 data length/element count exceeds protocol/function code
1225 number limits.
Table instruction
1232 number PORT?2 CRC/LRC check error
Table instruction
1234 number PORT?2 element start address error
Table instruction
1235 number PORT?2 unsupported/illegal function code
Table instruction
1236 number PORT?2 element count error
Table instruction
1238 number PORT?2 parameter modification prohibited during operation
Table instruction
1239 number PORT?2 parameter password-protected
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16.3.4 Ethernet-based CAN Communication Errors SD51 (1500~1999)

Code Category Information Description
1501 Faulty slave IP last byte Ethernet master receive timeout

1502 Faulty slave IP last byte Ethernet slave response error

1503 Faulty slave IP last byte Ethernet master connection failure
1504 Ethernet slave exceeds maximum connections
1601 RAM allocation error

1602 Invalid data or out of range

1603 Incomplete CAN program

1604 CANopen configuration error

1605 CAN data download error

1606 CAN unknown error

1607 CAN transmit buffer overflow

1608 CAN receive buffer overflow

1609 CAN general error

1610 CAN passive error

1611 CAN bus off

1612 CAN heartbeat error

1613 CAN protocol error

1614 CANPDO length error

1615 CANRPDO timeout

1616 CAN overload

1617 CANPDO transmit/receive error

1618 CANPDO transmission type error

1619 CAN received invalid message

1620 CAN received emergency message
1621 CAN slave count exceeds limit

1622 CANSDO invalid command code

1623 CAN download error

1624 CANSDO write data error

1625 CAN Sync frame timing error

1626 SDO read timeout

1627 SDO write timeout

1628 CAN instruction/protocol mismatch
1629 CAN free protocol instruction exceeds limit
1630 Axis communication error

1631 Servo fault

1632 grggll :é(ls control instruction: axis not
1633 CAN axis control instruction: axis busy
1637 Forward overtravel

1638 Reverse overtravel

1640 Axis number out of range

1641 CANopen not configured

1642 CANopen monitor address setting error
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1643 CAN receive overflow

1644 CAN origin return error

1645 Module error; not specified motion module

1649 SD_O rea_ld/yvrite aported (See SD393 for

object dictionary index)

1650 Instruction count exceeds limit

1651 - Invalid data type

1800 - Socket 1D error

1801 - Socket port error

1802 - Socket port or ID already exists

1803 - Failed to create Socket listener

1804 - Failed to bind Socket port

1805 - Max. number of socket ports exceeds limit

1806 - Socket pointer error

1807 - Socket listener port already closed

1808 - Socket connection port already closed

1809 - Socket closed

1810 User-defined socket Socket data reception error

1811 User-defined socket Data sent via unconnected Socket

1812 ) Multip_le (_:onsecutive Socket data
User-defined socket transmission errors

1813 - Socket data size exceeds limit

1814 User-defined socket Host disconnected

1815 - Ethernet initialization incomplete

16.3.5 EtherCAT Error Codes (SD53)

Code Category Information

2001 Axis No. EtherCAT servo axis configured but EtherCAT task not enabled
2002 Axis No. EtherCAT servo axis mapped to an invalid EtherCAT slave number
2003 Axis No. AXis operation state error

2004 Axis No. AXis position deviation alarm

2005 Axis No. Hardware positive limit triggered

2006 Axis No. Hardware negative limit triggered

2007 Axis No. Software positive limit triggered

2008 Axis No. Software negative limit triggered

2009 Axis No. Target velocity exceeds maximum limit

2010 Axis No. Acceleration exceeds maximum limit

2011 Axis No. Deceleration exceeds maximum limit

2012 Axis No. Acceleration step value exceeds maximum limit

2013 Axis No. Torgue exceeds maximum limit

2014 Axis No. Necessary PDO not mapped for the axis

2501 - Cam channel error (exceeds maximum cam count)

2502 - Invalid cam table number setting

2503 - Cam direction/tracking distance/start position mismatch

2504 - Invalid cam point count

2505 - Invalid activation mode
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2506 - Cam point data error

2507 - Invalid follower count

2508 - Follower data error

2509 - Invalid cam axis number setting

2510 - Cam start/end point calculation error

2511 - Master axis phase exceeds 100 cycles

2512 - CAM stop mode switch failed

2513 - Axis already in coupling state (repeated)

2514 - Master/slave scaling ratio is zero

2515 Invalid cam table data retrieval mode

2516 No data in cam table buffer

2517 No data during cam table operation

2520 Flying shear mode setting error

2521 Flying shear data setting error

2522 Tracking shear mode setting error

2523 Tracking shear data setting error

2524 Flying shear return coefficient error

2551 - Gear axis number setting error

2552 - Gear denominator setting error

2553 - Gear acceleration setting error

2554 - Gear deceleration setting error

2555 - Gear jerk setting error

2601 Axis No. Master axis position change exceeds limit

2602 Axis No. Slave axis position change exceeds limit

2603 Axis No. Slave axis not enabled

2604 Axis No. Slave axis acceleration exceeds maximum limit

2605 Axis No. Slave axis deceleration exceeds maximum limit

2606 Axis No. Slave axis jerk exceeds maximum limit

2607 Axis No. CAM mode switch failed during axis operation
Axis Group

2700 No. AXis group count exceeds limit
Axis Group

2701 No. Invalid axis group number configuration

2702 - Axis group number does not exist or is unconfigured.
Axis Group

2703 No. Axis number out of range

2704 - Invalid axis position within group

2705 - AXis group or axis not in stopped state

2706 - Duplicate activation of axis group instruction

2707 - Velocity mode setting error

2708 - Velocity range setting error

2709 - Acceleration range setting error

2710 - Deceleration range setting error

2711 - Jerk range setting error

2712 - Velocity exceeds maximum limit

2713 - Acceleration exceeds maximum limit

2714 - Deceleration exceeds maximum limit

2715 - Jerk exceeds maximum limit

2716 - Absolute/relative mode setting error
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2717 Buffer mode setting error

2718 Transition mode setting error

2719 Transition parameter setting error

2720 Axis group instruction exceeds buffer limit
2721 Stop instruction in progress

2722 Stop mode setting error

2723 Not all axes in group are enabled

2724 Circular interpolation plane setting error
2725 Circular interpolation mode setting error
2726 Circular interpolation path setting error
2727 Specified interpolation axis does not exist
2728 No interpolation axis in group

2729 Circular interpolation start/end/midpoint collinear.
2730 Radius setting error

2731 Interpolation instruction type error

2732 Look-ahead calculation delayed

2733 Look-ahead buffer overflow

2734 Reloading prohibited during look-ahead operation
2735 Look-ahead line number error

2736 Look-ahead auxiliary parameter error

2737 Invalid look-ahead start line

2738 Look-ahead interpolation parameter error
2800 Axis number out of range

2801 Instruction activated while axis is running
2802 Axis not enabled

2803 60FF PDO not mapped

2804 Pulse width out of range

16.3.6 MC Axis Instruction Error Codes

Code Category Information
16 Instruction error Instruction interrupted
17 Instruction error SDO parameter write error
18 Instruction error SDO parameter read error
256 Instruction error ECAT not initialized or slave connection failed
257 Instruction error Configuration error
258 Instruction error AXis not in running state
259 Instruction error Invalid instruction
260 Instruction error Bus servo axis alarm detected
261 Instruction error SDO write error
262 Instruction error SDO read error
263 Instruction error Origin return error
264 Instruction error Origin return timeout
265 Instruction error Abnormal instruction execution
266 Instruction error Axis in motion
267 Instruction error Axis not enabled
268 Instruction error Axis already in use
269 Instruction error Axis stop error
270 Instruction error Axis in stopped state
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271 Instruction error Non-bus servo axis or local pulse axis
272 Instruction error PDO not configured

273 Instruction error Reserved

274 Instruction error Axis not running

275 Instruction error JOG motion paused

276 Instruction error Non-bus servo axis

277 Instruction error PDO unsupported

278 Instruction error Reserved

279 Instruction error Reserved

280 Instruction error Reserved

281 Instruction error Negative limit input signal not used
282 Instruction error Invalid axis type

288 Instruction error Positive limit input signal not used
289 Instruction error Zero-point input signal not used

290 Instruction error Negative limit input signal out of range
291 Instruction error Positive limit input signal out of range
292 Instruction error Zero-point input signal out of range
293 Instruction error Z-pulse input out of range

294 Instruction error Counter type error

295 Instruction error Probe enable input missing

296 Instruction error Invalid counter number

297 Instruction error Comparison channel occupied

298 Instruction error Comparison exception

299 Instruction error Comparison output not set

300 Instruction error Illegal exit from JOG mode

301 Instruction error Velocity too low

302 Instruction error SDO access busy

303 Instruction error Not in position mode

304 Instruction error Parameter change incomplete

305 Instruction error Data out of range

306 Instruction error Enable input preset missing

307 Instruction error Counter interrupt mapping error

308 Instruction error Comparison count exceeds limit

309 Instruction error Positive/negative direction active simultaneously in JOG mode
310 Instruction error Circular interpolation start/end/midpoint collinear
311 Instruction error Operation prohibited while axis is enabled
312 Instruction error PDO input mapping error

313 Instruction error PDO output mapping error

314 Instruction error Invalid axis number

315 Instruction error Positive hardware limit triggered

316 Instruction error Negative hardware limit triggered

317 Instruction error Positive software limit triggered

318 Instruction error Negative software limit triggered

319 Instruction error Position deviation alarm

320 Instruction error No error detected during axis reset
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17 Firmware Upgrade

To update device functionality and meet evolving requirements, customers can upgrade the firmware via two

methods: using AutoSoft programming software or an SD card.
17.1 Firmware Upgrade via Host Computer

17.1.1 MCU Firmware Upgrade

SH series PLCs support firmware upgrades via Ethernet or USB using AutoSoft. The existing application

program will be retained after the upgrade.
1.

nts\11411.vpr]]
g(D)] | Tool(m) Window(Ww) Help(H)
Instruction Wizard()...
sequence Monitor(M)
2 % Track Monitor(T)

- Simulator(F)

Remaote Debug(R]
Check Power Supply Capacity(C)
Clear Local Password(L)

PLC Commuication(5) »

Upgrade Firmware(W)

Download FPGA(A)

System Options(0)

|

2.

Positive

Hardwz

Pos

Qrigin

Crigir

Select the target firmware version, enter the verification code, and click Upgrade.

| Firmware Upgrade

ol PLC Information

Set upgrade password

Read PLC information

PLC Type: PLC Version:

ps

Clear upgrade password

Upgrade file
Select file:

Verification code:

[15D |

Please input the verification code:

[4150] |

Current state:

Upgrade

Si

I

3.

When prompted to place the PLC in STOP mode, click OK to start the upgrade

Navigate to Tools > Upgrade Firmware in the menu bar to open the firmware upgrade dialog.

. The process completes

when the "Upgrade Successful” message appears. Power cycle the PLC to finalize.
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Notes

»  Firmware versions must be obtained from the manufacturer or authorized distributors.

»  Firmware versions must be obtained from the manufacturer or authorized distributors.

» Maintain stable power supply during the upgrade. Power loss may render the PLC inoperable (indicated by a
slowly flashing RUN indicator). If this occurs, reattempt the upgrade. If unsuccessful, return the device for
repair.

»  Always power cycle the device after upgrading. For USB upgrades, disconnect the USB cable before restarting.

17.1.2 FPGA Upgrade
1. Navigate to Tools > Download FPGA in the menu bar to open the FPGA upgrade dialog.

EE AutoSoft - [C\Users\vd151\Documents\11411.vpri]

File(F) Edit(E) View(V) Ladder(L) PLC(P) Debug(D) | Tool(T) Window(W) Help(H)

B ¥R | Q Instruction Wizard(l) J L [ U
6 Sequence Monitor(M) ]_ {) D {F] . I
3roject Manager nx M ~ Track Monitor(T)
=- 11(SH523) - Simulator(F) E
E . Comm
B@ Global Variable Remote Debug(R)
=-[Z] System Variable
[F] _Mchxis Check Power Supply Capacity(C)
-[7] ECATMaster
E‘ ECATSI Clear Local Password(L)
] ave
~[E] Element Comment PLC Commuication(s) 3
=] Struct Comm
[Z] Function Block Data Upgrade Firmware(W)

=-[Z] Variable Table
~[7] VAR_1
=-8F Program Block
i
[5] SBR_01
[T] INT_01
--|F| FB Function Block
--[F] FC Function
[£] Data Block
-=] System Block

Download FPGA(A)

System Options(Q)

Comment

2. Select the target FPGA version, enter the verification code, and click Upgrade.
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FPGA Download

i cekall Select file:

Verification code:

|4D.-5.9

Flease input the verification code:

|4DA9|

= Current state:

Download

Close

3. When prompted to place the PLC in STOP mode after clicking Download, click OK to start the upgrade.
The process completes when the "Upgrade Successful" message appears.

Maintain stable power supply during the upgrade. Power loss may render the PLC inoperable (indicated by a
slowly flashing RUN indicator). If this occurs, reattempt the FPGA upgrade. If unsuccessful, return the device

Always power cycle the device after upgrading. For USB upgrades, disconnect the USB cable before restarting.

Notes
»  FPGA versions must be obtained from the manufacturer or authorized distributors.
»  Ensure the PC is connected to the SH device before upgrading.
>
for repair.
>
17.2 Firmware Upgrade via SD Card

17.2.1 MCU Firmware Upgrade

Firmware upgrades can be performed through either host computer connection or SD card. Follow these steps:
1. Prepare an SD card formatted as FAT32, with capacity <32GB (as shown in the diagram below).

2. Insert the SD card into a card reader and connect it to a computer via USB port. Verify the file format is

FAT32 by Right-click>Properties.
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3. Copy UpCfg.ini and System.bin to the SD card, insert the SD card into the PLC device and power it on.
Monitor the upgrade status via panel indicators. (Note: Source files available from manufacturer/authorized

agents
Update Indicator Status
Progress
Updating... PWR/ERR/CAT/CAN/RUN indicators ON (Note: No CAT indicator in SH300 series)
Update After completion:
succeeded - Only PWR remains steady on.

- RUN flashes during system operation. Remove the SD card after successful program upgrade
to prevent automatic re-update on reboot.
(ERR may stay on if connected via USB/Ethernet without user program)

Update error

ERR flashes slowly + RUN displays 1 long + 2 short flashes. Host communication via
USB/Ethernet is disabled.

17.2.2 FPGA Upgrade
1. Copy both UpCfg.ini and FPGA.bin to the SD card, insert the SD card into the PLC device and power it

on.

Monitor

the upgrade status via panel indicators. (Note: Source files available from

manufacturer/authorized agents)

Update Indicator Status

Progress
Updating... PWR/ERR/CAT/CAN/RUN indicators ON (Note: No CAT indicator in SH300 series)
Update After completion:
succeeded - Only PWR remains steady on.

- RUN flashes during system operation. Remove the SD card after successful program upgrade
to prevent automatic re-update on reboot.
(ERR may stay on if connected via USB/Ethernet without user program)

Update error

ERR flashes slowly + RUN displays 1 long + 2 short flashes. Host communication via
USB/Ethernet is disabled.

17.2.3 Simultaneous MCU&FPGA Upgrade
1. Copy System.bin, FPGA.bin, and UpCfg.ini to the SD card, insert the SD card into the PLC device and power

it on.

Monitor

the upgrade status via panel indicators. (Note: Source files available from

manufacturer/authorized agents)

Update Indicator Status

Progress
Updating... PWR/ERR/CAT/CAN/RUN indicators ON (Note: No CAT indicator in SH300 series)
Update After completion:
succeeded - Only PWR remains steady on.
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- RUN flashes during system operation. Remove the SD card after successful program upgrade
to prevent automatic re-update on reboot.

(ERR may stay on if connected via USB/Ethernet without user program)

Update error | ERR flashes slowly + RUN displays 1 long + 2 short flashes. Host communication via
USB/Ethernet is disabled.

H
[=]

A

e Power interruption is strictly prohibited during SD card burning to avoid critical failures such as PLC
malfunction.
e Existing application programs remain preserved after firmware burning.

I

17.3 Application Download
17.3.1 Overview

The application download function allows compiling a PLC project into a .cmf file, enabling users to download
programs without accessing the original project files. This function includes:

(1) Batch PLC project updates/upgrades using an SD card;

(2) PLC project updates via the AutoSoft background software.

17.3.2 Generate .cmf File

To generate a .cmf file using AutoSoft, follow these steps:

1. Open the PLC project, and navigate to Menu Bar > PLC > PLC Executable Package (A)> Generate to
generate the file as shown below.

T AutoSoft - [CA\Users\v4151\Documents\11411vpri]

File(F) Edit(E) View(v) Ladder(L) | PLC(P) Debug(D) Tool(T) Window(W) Help(H)

BBEER XF Run(®) BOE] e & Bt T8
Stop(s) F6
v ) thf4 | st ek O O F | — | == ba
roject Manager ezl
25 11(5H523) Compile(C) CtilFT
2Jul] Global Variable Commie Al o
©-[E] System Variable empile AllGA)
B Measis Upload(U)...
+-[7] [ECATMaster o
[ EcATSlve Download(D)... F8
-[E] Element Comment Generate Datablock From RAM(G)...
-[E] Struct
[5] Function Block Data Frogram Comgar{M)
E-[Z] Variable Table Password Setting(W) »
L[] VAR 1
- Clear PLC Error(L)
=188 Program Block ear PLE Errertl)
M m Clear PLC Element Value(E)
[5] ser_01 Clear PLC Program(P)
INT 01
o - Clear PLC Datablock(H)
-|F] FB Function Block
-{F] FC Function (S =i
[E] Data Block Restore Default Config(T)
Systern Block
: PLE Name Setting(N)
{} Extension Modules
(@ E-CAM PLC Information(l).
oss reference table BLC Clockilo
ement browse table L
Uit Window — »
ommunication message Download(D)

please check the communication port
please check the communication port

Y2004 _Abnormal communication,
2004 _Abnormal communication,

2. In the Save As dialog, select the output path, name the file, and click Save to generate the .cmf file, as
shown below.

£ fEEER =2 o

H
-~
m

|| user.cmf 2025/1/13 16:34 CMF

17.3.3 PLC Project Update Example via SD Card
Example: Update the application project via SD card. (In this case, the generated file is named user.cmf. Refer
to 17.3.2 for .cmf file generation steps.)
1. Prepare an SD card formatted as FAT32.
2. Open the UpCfg.ini file in Notepad, enter “user.cmf[SPACE]4”, append “//” on a new line as as the end
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marker, and then save the modification. This is shown in the figure below:

=8 eraat P S
2025/1/14 13:46 EEigE 1k
@ ) *UpCtgini - 8%
THE SEE ER0) FEW =HH
user.cmf 4

/f

(®]

3. Copy both UpCfg.ini and user.cmf file (PLC-generated) to the SD card, as shown below.
b ERIEE (F)

I
-
user.cmf UpCfg.ini

4. Safely eject the SD card, insert it into the PLC and power it on. The upgrade progress indicator will display

the status.
Update Indicator Status
Progress
Updating... | PWR/ERR/CAT/CAN/RUN indicators ON (Note: May not activate for small projects.)
Update After completion:

succeeded | - Only PWR remains steady on.

- RUN flashes during system operation.

Remove the SD card after successful program upgrade to prevent automatic re-update on
reboot. (ERR may stay on if connected via USB/Ethernet without user program)

Update ERR flashes slowly + RUN displays 1 long + 2 short flashes. Host communication via
error USB/Ethernet is disabled.
CAUTION

»  UpCfg.ini format requirements:
Single-space delimiter only appears between filename and number; No extra spaces or empty lines allowed
elsewhere.>
» I/ marks configuration end (subsequent text ignored); Maximum file size: 500 characters.
»  Project upload are disabled by default during SD card program updates.

17.3.4 PLC Project Update Example via PC

Example: Download the generated .cmf file via AutoSoft.
1. Establish communication between the PC and device via USB or Ethernet, as shown in the figure below:

PLC(P) DebugiD) Toolm Window(W) Help(H)

WalR | He | AEB| &)X r B adh TR Tk E
ARt AsHH O O] — | =ba + 4
2 x [l MAIN x [ £ Axis 0
Comnent
Communication config X
(O serial
Serial Port:
Boudrate: | 2400 B
Comnent
®use
UsB Port: usB0 ~
OFEthemet
Comnent Net Card P
Port: 9016
[High Delay Mede Timeout(s): 1
Connent Cancel | S
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2. Inthe menu bar, navigate to PLC > PLC Executable Package > Download, as shown below.

[ AutoSoft - [Ci\Users\w4151\Documents\11411.upr]

File(F) Edit(E) View(V) Ladder(l) | PLC(P) Debug(D) Tool(M Window(W) Help(H)

BBELE| XD B Bl ke X Bt
Stop(s) 6 |,
N4 oPe) th A4 | fst £k | O OO — |
sroject Manager Ee=ea ()
=5 11(sH523) Compile(c) cul+Er
E--[il] Global Variable o Al
g C Allia Fr
=[] System Variable TIEIRAEY
-0 Mchsds Upload(U)
7] _ECATMaster
[ ECATSlave Download(D) Fa
-E] E\er;\ent Comment Generate Datablock From RAM(G)...
[Z] Struct
~[Z] Function Block Data AL
=-[F] Variable Table Password Setting(W)... 3
E VAR_1
508 program Black Clear PLC Error(L)
-1 (3T Clear PLC Element Value(E)
~[5] SBR_O1 Clear PLC Program(P)
|F|E ::NT-Q Block Clear PLC Datablock(H)
unction Blocl
-|F| FC Function REGESIE]
~[E] Data Block Restore Default Config(T)
] System Block
£} Extension Modules FlLE w2 Tsimas
(@ E-CAM PLC Information(l)...
ross reference table PLC Clock(K]...
lement browse table |

Jutput Window PLC Executable Package(A) 3 Generate(G) r

“ommunication message
N2004 Abnormal communication, please check the communication port -

3. Select the target .cmf file. A dialog will prompt: "Load initial values for retentive elements and variables?"
Choose Yes to load initial values or No to skip.

001... » VH500_GOBOBM_AO_00115_00106_20250107 v | & | | ®EVH500 G0B0SM A0 0.. P
- m @
EfR et ESi) >

[7] UserPr VH311.cmf @ CMF i

[ ] UserPr VH511.cmf = CMF 37#

| L] UserPrj_VH523.emf | CMF Z#

AutoStudio
0 AR TR RS RITHEE?
@
< >
f | |ememeteomd v
FIFHO) B

4. A progress bar displays during the download. Upon completion, a prompt asks: "Set the PLC to RUN
mode?" Click Yes to start the PLC and finalize the upgrade.

T#HE
- | GE%
- AutoStudio

0 BESEPLCETETHAER?
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