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Prologue

Target reader

This book is suitable for the automation personnel who need to master the PLC programming, system design and
commissioning. This book can also serve as a reference for anyone who are interested in futhering their PLC
programming knowledge.
Content of this book
This book details the principles, hardware resources, programming languages and instructions of the IVC series
small PLC. A variety of application illustrations are used to help you understand the rich functions of the PLC.
Features of this book
The chapters in this book develops from general to details, each having its independent topic. You can either
read thoroughly to gain overall knowledge of the IVC series small PLC, or consult in some of the chapters for
technical reference.
Reading instructions
1. For readers unfamiliar with PLC
It is recommended to start with chapters 1~4 to learn the basic PLC knowledge, including PLC function
description, programming languages, elements & data, addressing modes, program annotating function,
main program and subprograms. Afterwards, you can read other chapters to cater for your needs.
2. For readers familiar with PLC
You can jump directly to Chapter 5 Basic Instructions and Chapter 6 Application Instructions, which
provide complete and detailed explanation for the instructions of Invt IVC series PLC. In addition, the
Appendix 9 Instruction Index and Appendix 10 Classified Instruction Index provide tools for locating the
instructions in the orders of alphabet and classification respectively.
Related documents
You can refer to the following books while reading this book:
® |VC1 Series PLC User Manual
® |VC2 Series PLC User Manual
® AutoStation Programming Software User Manual
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Chapter 1 Product Overview

Chapter 1 Product Overview

This chapter presents the product makeup, plaftform of the programming software and network configuration of the
IVC series small PLC.
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2 Chapter 1 Product Overview

1.1 Product Introduction

The IVC series small PLC, comprising the IVC1 mini-scale series and IVC2 small series, is a high performance
product suitable for modern industrial control.

The IVC series PLC products have integrated structure, built-in high performance microprocessor, operation control
system, integrated 1/0O and extension bus. The series also include /O modules and special modules. The basic
module has 2 integrated communication ports, and the sytem can connect to the profibus network through a profibus
extension module. The basic module I/O is capable of high-speed counting and high-speed output that can be used for
exact locating. The powerful AutoStation programming software provides 3 standard programming languages and
commissioning & monitoring functions, and boasts complete user program protection mechanism.

1.1.1 Product Specification

Table 1-1 PLC basic module

IVC2 IVCA1
10-input /6-output  14-input /10-output | 10-input /6-output  14-input /10-output
Digital /O points 20-input /12-output  24-input /16-output | 16-input /14-output  24-input /16-output
32-input /32-output  40-input /40-output | 36-input /24-output
Total r‘1umber of supported 512 128
1/O points
Max. number of special 8 4
modules
High speed pulse output 2 X 100kHz (for transistor output only)
Single phase counting 6: 2(50kHz) + 4 (10kHz)
channel
AB phase counting channel | 2: 1 (30kHz) + 1 (5kHz)
Max. total frequency of 80KHz 60kHz
1o high-speed counter
X0 ~ X7
Digital filtering X0~ X,17 ) (Input filtering constant: 0, 8, 16, 32,
(Input filtering constant: 0 ~ 60ms)
64ms)
2A/1 piont
Max. relay | Resistive load | 8A/4-point-group common terminal
output 8A/8 point-group common terminal
current Inductive load | 220Vac, 80VA
lllumination 220Vac, 100W
Max. YO0, Y1: 0.3A/1 point
transistor Resistive load | Others: 0.3Al1 point, 0.8A/.4 points, 1.6A/8 points..
output For each point above 8-point, the total current raises 0.1A.
current Inductive load | YO, Y1: 7.2W/24Vdc. Others: 12W/24Vdc
lllumination YO0, Y1: 0.9W/24Vdc. Others: 1.5W/24Vdc
User program 12k steps (24kByte)
Memory hold upon power
failurery Pene ves
Registor Max. number of memory User set (up to 200 C elements) 320 bit elements, or 180 word elements
hold elements
Hardware support and .
. ) Backup battery. Life span: 1 year. EEPROM. Permanent
sustainable period

IVC Series Small PLC Programming Manual
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IVC2 | IvVC1

100ms precision: TO ~ T209

Timer 10ms precision: T210 ~ T251
1ms precision: T252 ~ T255
16-bit up counter: CO ~ C199
Counter 32-bit bi-directional counter: C200 ~ C235

32-bit high speed counter: C236 ~ C255

Data register DO ~ D7999
Elements Local data register VO ~ V63
Offset addressing register |Z0 ~ 215
Special data register SDO ~ SD255
Auxiliary relay MO ~ M1999 MO ~ M2047
Local auxiliary relay LMO ~ LM63
Special auxiliary relay SMO ~ SM255
State relay SO ~ S991 SO0~ S1023
Internal timed interrupt 3 3
External interrupt 8 16
High-speed counter 6 6
interrupt
Interrupt - -
Serial port interrupt 8
PTO output complete 9
interrupt
Power failure interrupt 1
Basic instructi
asic |n§ ruc? ion 0.00uS 0.3uS
processing time
Yes Yes
General . . . . .
Real time clock (power-failure memory-hold time: >1 (power-failure memory-hold time: 100
year) hs)
Analog potentiometer 2 (precision: 8-bit) 2 (precision: 8-bit)
PORTO: RS-232
Ports
c icati PORT1: RS-232/RS-485
ommunication
. Modbus, Free port, N:N bus,
Protocol Modbus, Free port, Programming port )
Programming port
A trol Upload, download, itoring,
ceess contro Password type Upload, download, monitoring pload, cownloa monl orlng
and user subprogram, formatting enabling
program . ]
) Upload disabling Yes Yes
protection
Relav outout 200,000 hs (ground-fixed, minimum mechanical stress and temp./humidity control)
MTBE youlp 100,000 hs (ground-fixed, minimum mechanical stress & no temp./humidity control)
) 300,000 hs (ground-fixed, minimum mechanical stress and temp./humidity control)
Transistor output — - —
150,000 hs (minimum mechanical stress and no temp./humidity control)
Life span of 220Vac/15VA/inductive 1s ON/ 1s OFF, 3,200,000 times
output relay 220Vac/30VA/ inductive 1s ON/ 1s OFF, 1,200,000 times
contacts 220Vac/72VA/ inductive 1s ON/ 1s OFF, 300,000 times

Power supply

Input voltage range

90Vac ~ 264Vac (for normal operation) | 85Vac ~ 264Vac (for normal operation)

Note:

See IVC1 Series PLC User Manual for the speicifcation, installation instruction, operation and maintenance of IVC1 series PLCs.
See IVC2 Series PLC User Manual for the speicifcation, installation instruction, operation and maintenance of IVC2 series PLCs.
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Outline Of IVC1 Series Basic Module

The outline and structure of the IVC1 series basic module are shown in the following figure (example:
IVC1-1614MAR):

Fvwm mgpely terminply

lode ke lsckon BT 8 LI L

sl T Ingat wintis | ceiors

1

Syt eladis L 5 | Extmmeon poi
it = Draipart Salis

nsicaiors
FORT 1 Wadlahla anabog el LU L
SO Tt e

Figure 1-1  Outline and structure of IVC1 series basic module

As shown in Figure 2-1, PORTO0 and PORT1 are for communication. PORTO0 is RS232, and use socket Mini DINS,
while PORT1 is RS485 or RS232. The bus socket is for connecting extension modules. The mode selector switch can
be set to ON, TM or OFF.

Outline of IVC2 Series Basic Module

The outline and structure of IVC2 series basic module is shown in the following figure (example: 64-point basic
module):
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Figure 1-2  Outline and structure of IVC2 series basic module

The battery socket is designed for the CR2032 button lithium battery. The bus socket is for connecting extension
modules. The communication port PORTO is RS-232 and uses socket Mini DIN8, while the communication port
PORT1 is RS-485 or RS-232. The mode selector switch can be set to ON, TM or OFF.

1.2 AutoStation Programming Software

1.21

AutoStation is a programming software specialized for IVC1 and IVC2 series PLCs. You can download it at
www.invt.com.cn.

The AutoStation software is a Windows-based diagram programming-tool, operated through the mouse and keyboard.

Three programming languages are available: ladder diagram (LAD), instruction list (IL) and Sequential Function Chart
(SFC).

To connect the AutoStation programming platform to your PLC, you can use directly the serial port programming cable,
or the Modbus network through serial port conversion, or the Internet through a modem.

Refer to the AutfoStation Programming Software User Manual for the Modbus programming and remote monitoring.

Basic Configuration

AutoStation programming software requires an IBM PC and Microsoft Windows series OS. The compatible OSs
include Windows 98, Windows Me, NT 4.0, Windows 2000 and Windows XP.

IVC Series Small PLC Programming Manual




Chapter 1 Product Overview 5
The minimum and recommended configuration of the PC are listed below:
Table 1-2 Computer requirements
Item Minimum Recommended

CPU Intel Pentium 233 equivalent or above Intel Pentium 1G equivalent or above

Memory 64M 128M

Display card Supportive of 640 x 480 resolution and 256 colors | Supportive of 800 x 600 resolution and 65535 colors
Communication port | A RS-232 serial port with DB9 socket (or a USB port and a USB-RS232 converter)

Others Invt dedicated PLC programming cable

1.2.2 AutoStation Installation

The AutoStation installation package issued by Invt Auto-Control Technology Co., Ltd. (for short, Invt) is an executable
program. Double click it to start the installation, and follow the prompts step by step. You can select an installation path

according to your actu

al need.

After the installation, the Invt Auto-Control Technology program group will be added to the start menu. A AutoStation
shortcut icon will also be added to the desktop.

You can uninstall the AutoStation software through the Windows Control Panel. To install a new version AutoStation,
you have to uninstall the present version first.

1.2.3 AutoStation Operation Interface

The main interfaces include 7 sections: Menu, Tool bar, Project Manager window, Instruction Tree window,
Information window, Status bar and Operation area.
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Figure 1-3 AutoStation main interface

For the usage of AutoStation programming software, refer to the AutoStation Programming Software User Manual.

1.2.4 Programming Cable

You can use the Invt dedicated programming cable to program and debug the PLC. Note that there are two kinds of
cables, one being optically isolated and hot swappable; the other being non-isolated and not hot swappable. Neither of

them requires setting jumpers.
See the following figure for the connection of the programming cable.

IVC Series Small PLC Programming Manual
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1.3

1.3.1

1.3.2

1.3.3

Figure 1-4  Connection of programming cable

Communication Function

Each IVC series PLC basic module has two integrated serial ports: PORT 0 and Port 1 . The Profibus and Canbus
extension modules are also available for the communication in a fieldbus network.

The two serial ports of the basic module are compatible with Modbus, N:N bus and user-defined free port protocols.

Modbus Protocol Network

The basic module can set up a RS-485 Modbus network with multiple inverters, PLCs and other intelligent devices
through the RS-485 on Port 1, or through Port 0 and a RS-232/485 converter. The maximum communication distance
is 1200 meters, and maximum baud rate is 38400bit/s. RTU and ASCII transmission modes are optional.

The basic module can communicate one-to-one with inverters, PLCs, touch screens and meters through the RS-232
port on PORT 0 or Port 1. The maximum communication distance is 15 meters; and maximum baud rate is 38400bit/s.

For details about the Modbus network, see Chapter 10 Using Communication Function and Appendix 7 Modbus
Communication Protocol (IVC Series).

N:N bus Protocol Network

The IVC1 series PLC is embedded with Invt-developed N:N bus communication protocol, capable of setting up an N :
N communication network through the Port 1 RS-485 port, or through PORT 0 and a RS-232/485 converter.

The N:N bus communication protocol allows single/double-layer networking and data exchange among 2~32 PLCs
with the maximum baud rate of 115200bps.

For details about the N:N bus network, see Chapter 10 Using Communication Function.

Free Port Protocol Network

The free port protocol allows communication with customized data format. It supports ASCII and binary system. In this
communication mode, the PLC can communicate with various equipment with customized formats, such as inverter,
bar-code scanner, instrument, and other intelligent devices. PLC can communicate with a single device in the RS-232
or RS-485 mode, or form a RS-485 network when there are multiple devices.

For details about the free port protocol communication, see Chapter 10 Using Communication Function.

IVC Series Small PLC Programming Manual
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1.4 Makeup Of Document System Of IVC Series Small PLCs

1.4.1

1.4.2

1.4.3

14.4

1.4.5

1.4.6

You can download the documents of IVC series small PLC at www.invt.com.cn. If you need the paper copy of the

document, please contact your agent.

Model Selection Instruction

IVC1 Model Selection Manual
IVC2 Technical Manual

Basic Module User Manual

IVC1 series

IVC1 Series PLC Quick Start User Manual

IVC2 series

IVC1 Series PLC User Manual

IVC2 Basic Module Quick Start Manual

Programming Manual

IVC Series Small PLC Programming Manual

Programming Software User Manual

AutoStation Programming Software User Manual

1/0 Extension Module User Manual

IVC2 Series PLC User Manual

IVC1 series

IVC1 Series PLC Passive I/O Extension Module User
Manual

IVC2 series

Special Module User Manual

IVC2 Series PLC Passive I/O Extension Module User
Manual

IVC2 Series PLC Active I/O Extension Module User
Manual

IVC1 series

IVC1-4AD Analog Input Module User Manual

IVC2-4AD Analog Signal Module User Manual

IVC1-4DA Analog Output Module User Manual

IVC1-4PT RTD Module User Manual

IVC2-4AM Analog Signal Input/Output Module User
Manual

IVC2-4DA Analog Signal Output Module User Manual

IVC1-4TC Thermalcouple Module User Manual

IVC2-4L.C Temperature Control Module User Manual

IVC1-5AM Analog Input/Output Module User Manual

IVC2-4PT RTD Module User Manual

IVC2-4TC Thermocouple Module User Manual

IVC2-8AD Analog Input Module User Manual

IVC2-8TC Thermocouple Module User Manual

IVC2 series
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Chapter 2 PLC Function Description

This chapter introduces the programming resources, theories and system configuration of IVC series PLC, as well as
how to set PLC running and operation modes. The system commissioning functions and commissioning software are
also introduced.
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2.1 Programming Resources And Theories

2.1.1 Programming Resources

Table 2-1

IVC1 Programming resources

interrupt

ltem Specification and remarks
1o Max. I/O points 128 (theoretical)
configuration Extersion module <4 (sum of /O extension modules and special modules)
number
User file Program capacity 12k steps
capacity Data block capacity 8000 D elements
Instruction Basic instruction 0.3psl/instruction
speed Application instruction Several ys per instruction ~ several hundred ps per instruction
Instruction Basic instruction 32
number Application instruction 226
I/0 points 128 1/128 O (Input: X0 ~ X177. Output YO ~ Y177) Nere
Auxiliary relay 2048 (MO ~ M2047)
Local auxiliary relay 64 (LMO ~ LM63)
Special auxiliary relay 256 (SMO ~ SM255)
Device State relay 1024 (SO ~ S1023)
configuration | Timer 256 (TO ~ T255) Note 2
Note 7 Counter 256 (CO ~ C255) No©3
Data register 8000 (DO ~ D7999)
Local data register 64 (VO ~V63)
Offset addressing register | 16 (Z0 ~ Z15)
Special data register 256 (SDO ~ SD255)
External input interrupt 16 (triggering edge is user configurable, corresponding to the rising and falling edge s
of terminals X0 ~ X7)
High speed counter 6
interrupt
Inter.rupt . Internal timer interrupt 3
configuration - .
Serial port interrupt 8
PTO output complete 5

Power failure interrupt

1

Communicatio

Port

2 asynchronous serial communication ports. Port 0: RS-232. Port 1: RS-232 or RS-485

Modbus, Freeport, N:N bus (Invt dedicated protocol). 1 to N or N to N communication

User program protection

n function Protocol
rotoco enabled
) X0, X1 Single input: 50kHz. Total frequency (X0 ~ X5): < 80kHz
High speed counter - -
X2 ~ X5 Single input: 10kHz
100kHz (2 independent outputs, and only for transistor
High speed pulse output | YO, Y1 ( P P y
outputs)
Digital filtering terminals | X0 ~ X7 (all the other terminals use hardware filtering)
Analog potentiometer™®* |2
Subbroaram Maximum number: 64. Maximum nesting levels: 6. Local variables and variable alias
Special prog are supported. Each subprogram can provide up to 16 parameter transfer
ecia
P ) Upload password .
function 3 kinds of password. Not longer than 8 letters or

Download password "
numbers. Case sensitive

Monitor password

Subprogram password Not longer than 16 letters or numbers. Case sensitive.

Other protections Formatting and uploading ban enabled

AutoStation programming

Programming mode "'¢® software Nt IBM PC or compatible computer is required
Real time clock Built-in, 100h of working time after power failure (the basic module must have worked
for more than 2mins before the power failure)
Table 2-2 IVC2 programming resources

Name | Specification and remarks

IVC Series Small PLC  Programming Manual
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Name Specification and remarks
1o Max. 1/O points 512 (256 1/256 O)
configuration Externsion module <8 (sum of I/O extension modules and special modules)
number
User file Program capacity 12k steps
capacity Data block capacity 8000 D elements
Instruction Basic instruction 0.09us/instruction
speed Application instruction Hpslinstruction ~ 280ps/instruction
Instruction Basic instruction 32
number Application instruction 221
I/0 points 256 1/256 O (Input: X0 ~ X377. Output: YO ~ Y377) Note
Auxiliary relay 2000 (MO ~ M1999)
Local auxiliary relay 64 (LMO ~ LM63)
Special auxiliary relay 256 (SM0 ~ SM255)
Device State relay 992 (S0 ~ S991)
: ) Timer 256 (TO ~ T255) Note 2
configuration o3
Note 7 Counter 256 (CO ~ C255)
Data register 8000 (DO ~ D7999)
Local data register 64 (VO ~ V63)
Off.set addressing 16 (20 ~ Z15)
register
Special data register 256 (SD0O ~ SD255)
External input interrupt 16 (t‘riggering edge is user configurable, corresponding to the rising & falling edge s of
Interrupt . terminals X0 ~ X7)
) . High speed counter
configuration ) 6
interrupt
Internal timer interrupt 3

Communication

Port

2 asynchronous serial communication ports. Port 0: RS-232. Port 1: RS-232 or RS-485

function Protocol Modbus, Freeport. 1 to N communication enabled
Hiah speed counter X0, X1 Single input: 50kHz. Total frequency (X0 ~ X5): < 80kHz
on sp X2 ~ X5 Single input: 10kHz
100kHz (2 independent outputs, and only for transistor
High speed pulse output | YO, Y1 ( P P y
outputs)
Digital filtering terminals | X0 ~ X17 (all the other terminals use hardware filtering)
Analog potentiometer"*®
4
Special - - - - - -
) . Maximum number: 64. Maximum nesting levels: 6. Local variables and variable alias
function Calling of subprograms )
are supported. Each subprogram can provide up to 16 parameter transfer
Upload password .
. 3 kinds of password. Not longer than 8 letters or
User program protection | Download password i
. numbers. Case sensitive
Monitor password
AutoStation programmin
Programming mode "°*¢® software Nme‘j 9 9 IBM PC or compatible computer is required
Real time clock Built-in, powered by backup battery
Notes:

Note 1: The X and Y elements are addressed in octal system. For example, X10 stands for the eighth input point.

Note 2: Based on the timing precision, the T device addresses fall into three categories:
1) 100ms: TO ~ T209
2) 10ms: T210 ~ T251
3) 1ms: T252 ~ T255

Note 3: Based on the width and function of count value, the C device addresses fall into three categories:

1) 16 bit up counter: CO ~ C199

2) 32 bit up and down counter: C200 ~ C235
3) 32 bit high speed counter: C236 ~ C255

IVC Series Small PLC Programming Manual
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Note 4: The analog potentiometer is an instrument that you can use to set the PLC device value.. You can use a
Philips screw driver to wind the potentiometer clockwise to the maximum angle of 270°, and the device value will be
set from 0 to 255. Note that the potentiometer could be damaged if you wind it clockwise more than 270°.

Note 5: The element values can be forcedly set to facilitate commissioning and analyzing user program and streamline
the commissioning. You can force up to 128 bit elements and 16 word elements at the same time.

Note 6: The user program can be modified online.

Note 7: Partial PLC elements are reserved. Avoid using those elements in the user program. For details, see Appendix
3 Reserved Elements .

2.1.2 System Running Mechanism (Scan Cycle Model)

213

214

IVC series PLC basic module runs according to the scan cycle model.

The system cyclically executes the following four tasks one by one: user program execution, communication, internal
tasks and I/O update. Each round is called a scan cycle.

Execute user
program

Refresh 1/10 Communication

Internal tasks

Figure 2-1 PLC operation mechanism
User program execution

The system will execute user program instructions one by one from the beginning till the main program ending
instruction.

Communication

Communicate with the programming software to receive and respond to the instructions such as download, run and
stop.
Internal tasks

Processing various system internal tasks, such as refreshing panel indicators, updating software timer, refreshing
special auxiliary relays and special data registers.

1/0 update

The 1/0 update includes two stages: input update and output update.
Output update: open or close the output terminal based on the value of the corresponding Y device (ON or OFF).
Input update: convert the ON or OFF state of input terminals to the value of the corresponding X device (ON or OFF).

Watchdog Function For User Program Execution

The watchdog function enables the system to monitor the user program execution time during every scan cycle, and
stop the user program if the running time exceeds the preset limit. You can set the watchdog time in the Set Time tab
after double clicking the System block in AutoStation main interface.

Constant Scan Mode

In the constant scan mode, every scan cycle takes the same time. You can set the constant scanning time in the Set
Time tab after double clicking the System block in AutoStation main interface. By default, the Constant scanning
time setting is zero, which means no constant scan. The actual scan cycle will prevail when the actual scan cycle is
bigger than the constant scan cycle.

R Note

The Constant scanning time setting must not be set bigger than the Watchdog time setting.

IVC Series Small PLC  Programming Manual
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215

21.6

217

User File Download And Storage

You can download a user file to the basic module to control the basic module.

The user file include user program, data block, system block and auxiliary user information. The auxiliary user
information include the user program variable list and the source file of user data.

You can select to download the user program, data block or system block. Whatever you select, the corresponding
auxiliary user information will always be downloaded.

For IVC2 series PLC, the downloaded user program, data block and system block will be stored permanently in the
basic module EEPROM area, while the downloaded auxiliary user information will be stored in the battery backed
RAM area.

For IVC1 series PLC, all user files will be stored permanently in the basic module FLASH area.

(B8] Note
1. To embed the downloaded files into the basic module, the basic module power supply must be maintained for more than 30s
after the download.

2. If the backup battery fails in IVC2 series PLC, the auxiliary user information will be lost, the annotation for the user program
will not be uploaded, and system will report “User information file error”. But the user program will be executed after all.

Initialization Of Elements

When the PLC changes from STOP to RUN, it will initialize its elements according to battery backed data, EEPROM
data, data block and device value. The priorities of various data are listed in the following table.

Table 2-3 PLC data initialization priorities

Data type Power OFF — ON STOP — RUN
Battery backed data Highest Highest
EEPROM data High High
Data block (precondition: the Datablock enabled is checked in the Mid Mid
Advanced Settings tab of System block)
Device value (Precondition: the Element value retained is checked in i Low

the Advanced Settings tab of System block)

Saving Data On Power Loss

Preconditions

Upon power loss, the system will stop the user program and save the device in the specified saving range to the
battery backed files.

Device restoration after power on

If the battery backed files are correct, the PLC elements will restore their saved values after power on.
The elements outside of the saving range will be set to zero.

If the battery backed files are lost or incorrect, the system will set all elements to zero.

Setting saving range

You can set the device range in the Saving Range tab of System block. See Figure 2-2 and the following example.
IVC1 series PLC supports only one group of saving range.

IVC2 series PLC supports two saving groups that form a union.

Example (IVC2):

Set M100 ~ M200 as the saving range in Group 1.

Set M300 ~ M400 as the saving range in Group 2.

In effect, both M100 ~ M200 and M300 ~ M400 are set as the saving range.

IVC Series Small PLC Programming Manual
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Figure 2-2  Setting saving range

R Note

The power loss data saving function in IVC2 series PLC relies on the support of the backup battery. If batteries fail, all the saved
elements will have uncertain values after power loss.

For IVC1 series PLC, the values of its saved elements are stored in the permanent memory.

2.1.8 Permanent Storage Of D Device Data

You can use the EROMWR instruction in the user program to write the D device values (D6000 ~ D6999) to the
permanent memory EEPROM in IVC1 series PLC. The EEPROM operation will make the scan cycle 2ms ~ 5ms
longer. The written data will overwrite the existing data in EEPROM.

Note

The EEPROM can be over-written for a limited number of times (usually one million). Do not overwrite EEPROM unless it is
necessary, otherwise EEPROM could fail soon and lead to CPU fault.

2.1.9 Digital Filtering Of Input Terminals

2110

The input terminals X0 ~ X17 of IVC2 series PLC and X0 ~ X7 of IVC1 series PLC use digital filtering to filter the noise
at the terminal. You can set the filter constant in the Input Filter tab of System block.

The filter constant setting ranges are:
IVC2: 0 ~ 60ms. Default: 10ms.
IVC1: 0, 8, 16, 32 and 64ms. Default: 8ms.

No Battery Mode

The IVC2 series basic module can work without battery. When you select the No battery mode in the Advanced
Settings tab of System block, the system will not report system errors caused by lack of battery (Battery-backed data
lost, Forced-table lost and User information file error).

See the notice for the No battery mode in the Advanced Settings tab of Data block.

g Note
IVCI1 series PLC has no battery, therefore it does not support no battery mode.

IVC Series Small PLC Programming Manual



14 Chapter 2 PLC Function Description

2.1.11 User Program Protection

The IVC1 and IVC2 series PLCs provide mutiple levels of passwords and other protection measures.

Table 2-4 User program protection

Protection measures Description

After downloading system block to the PLC and checking the Formatting is prohibited option in the
Advanced Settings tab in System block, the PLC internal user program, system block and data block are
Formatting ban protected against formatting.

To lift the formatting ban, you need to re-download the system block and uncheck the Formatting is
prohibited option

Download password | Download limit

If you select to disable the upload function during downloading process, it will be prohibited to upload the

Upload ban program from PLC to PC. To enable the upload function, you must re-download the program and check to
enable the upload function during the downloading process.

Upload password Upload limit

Monitor password Monitor limit

The programmer can set passwords to protect the program, subprogram and interrupt subprogram against
aunthrorized accessing and editing in AutoStation.

Program password Password setting method: Right click the program and select Encrypt/Decrypt in the popped out shortcut
menu, insert the password and confirm it. To cancel the password, just go through the same process and
input the correct password.

(A Note

If you fail to input the correct password for continuously ten times, you will be banned from inputting password for the next 5
minutes.

2.2 System Configuration

2.2.1 System Block

The PLC configuration information, or system block file, is configured through the system block and is an important
part of the PLC user file. Before using the PLC, you need to compile and download the system block file.
The system block configuration includes configuring the following items:

® Saving Range (element saving range) ® Input Point (Startup mode of the input point)
® Communication Port (Communication port and protocol ®  Priority Level Of Interruption

setting) ® Special Module Configuration
® Input Filter ® Advanced Settings (data block, element
® Output Table value retain, no battery mode and formatting
® Set Time (set watchdog time and constant scanning time) ban)

Atfter setting the system block, you can select PLC-> Compile All to compile the system block file and be ready for
download.

Saving Range

Upon power loss, the IVC1 and IVC2 series PLCs can save the data of elements in the preset saving range to SRAM,
so as to use them after the power on.

You can set the saving range in the Saving Range tab, as shown in Figure 2-3.
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Figure 2-3 Setting element saving range

R Note

The element range and group number of the saving range are different for different PLC models.

By default, the D, M, S, T and C elements in a certain range will be saved.

You can change the defaults as you need. By clicking the Clear button on the right will set the corresponding number
to zero.

For IVC2 series PLC, you can set two groups that form a union.

For IVC1 series PLC, you can set only one group.

Note

The T elements cannot be set in the saving range for IVCI series PLC.

System operation upon power loss: PLC will save the elements in the saving range to the battery backed files.
System operation upon power on: PLC will check the data in SRAM. If the data saved in SRAM is correct, it will remain
unchanged. If the data is incorrect, PLC will clear all the elements in SRAM.

Communication Port

You can set the two PLC communication ports in the Communication Port tab of the System block, as shown in
Figure 2-4. The items include protocol selection and setting the specific protocol parameters.
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Figure 2-4  Setting communication ports

By default, the communication port 0 uses program port protocol, while the communication port 1 uses no protocol.
You can set as you need.

1. Program port protocol

By default, the communication port 0 uses the program port protocol, the dedicated protocol for the communication of
IVC series PLC programming software. Under this protocol, you can set the communication baud rate between PC
and port 0 through the serial port configuration tool of AutoStation. In the TM state, port 0 can only be used for
programming communication.

2. Free port protocol

The free port protocol supports customized data file format, either ASCII or binary code. Only in the RUN state can a
PLC use the free port communication, which cannot be used to communicate with the programming device. In the
STOP state, port 0 can only be used for programming communication.

The configurable parameters include Baud rate, Data bit, Valid bit, Parity, Stop bit, Allow start character
detection, Allow end character detection, Intercharacter timeout and Interframe timeout.

3. Modbus protocol

The Modbus communication equipment include a master and a slave. The master can communicate with the slave
(including inverters) and send control frames to the slave, and the slave will respond to the master’s requests.
Communication port 0 can be set as a slave, while communication port 1 can be set as a slave or a master.

The configurable parameters include Baud rate, Data bit, Parity check, Stop bit, master/slave mode, Station no.,
Transmission mode, Timeout time of the main mode and Retry times.

4. N:N bus protocol

N:N bus is an Invt-developed communication protocol that supports N to N communication in a small PLC network.
The PLCs in a N:N bus network can automatically exchange part of their D and M elements.

Both port 0 and port 1 can use N:N bus protocol.

& Note

For the detailed information of communication protocols, see Chapter 10  Using Communication Function.

Input Filter

In the Input Filter tab, you can set the filter constant for a PLC input terminal. The digital filter can eliminate the noise at
the input terminal. Only input terminals X0 ~ X17 (for IVC1 series: X0 ~ X7) use digital filter, while other digital input
terminal use hardware filter. See Figure 2-5.
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Figure 2-5 Setting input filter
IVC2 setting range: Oms ~ 60ms. Default: 10ms.
IVC1 setting range: Oms, 8ms, 16ms, 32ms, 64ms. Default: 8ms.
Output Table

In the Output Table tab, you can set the state of output points when the PLC is in STOP state. See Figure 2-6.
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Figure 2-6  Setting output table

The output table is used to set the PLC output state when the PLC is stopped. The output states include:
(1) Disable: When the PLC is stopped, all the outputs will be disabled.
(2) Freeze: When the PLC is stopped, all the outputs will be frozen at the last status.
(3) Configure: When the PLC is stopped, the marked outputs will be set as ON.

Set Time

See Figure 2-7.
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Figure 2-7 Setting time

1. Watchdog time setting

The watchdog time is the maximum user program execution time. When the actual program execution time exceeds
the watchdog time, PLC will stop the execution, the ERR indicator (red) will turn on, and the system will output
according to the system configuration. The watchdog time setting range is Oms ~ 1000ms. Default: 200 ms.

2. Constant scanning time setting

With the constant scanning time set, system will scan the registers within a constant duration. Setting range: Oms ~
1000ms. Default: Oms.

3. Power loss detection time setting (for IVC2 only)

When the duration of power loss exceeds the power loss detection time, the PLC will change to STOP. The system will
save the values of elements in the Saving Range. Setting range: Oms ~ 100ms. Default: Oms

Input Point

The Input Point setting tab is shown in Figure 2-8.

In this tab, you can set the following parameters:

1. Disable input point

Check the Disable input point to disable the input point startup function.

2. Input point

When the Disable input point is not checked, you can designate an input terminal (among X0 ~ X17) as a means of
external RUN control. When the designated input terminal is ON, the PLC will be turned from STOP state to RUN
state.

IVC Series Small PLC Programming Manual



Chapter 2 PLC Function Description 19

Pedeureowd Ead Lirecy Cmsmnnicalien Ferk
Suagial Waduls Canfimaration | Frisvity lawsl OF Titercopkiom
Ewanz Farecy | Outpat Table | Sed Tims | Lzpak Filtar | Tmpek Peint

Dodmit wabun
3 lmbg e of fha rund oo
[Fiablr rpnst pard
It e
Sglwct an mpul poini iroan 200 1T i e Fosced npul poant 'Wkan

e OF .-r-l’.‘" bt ol D H it g bt dpibisnd s 5 TOF diell
tha dwbnr changa ol tha rpud pond oe OFF la [TH o defecied e
e e o R ek

.

Figure 2-8 Setting input point

Priority Level Of Interruption

The Priority Level Of Interruption is shown in Figure 2-9.
The PLC built-in interrupts can be set as high priority or low priority.

Aedeurrad Earl Larecy Cmsmnnicakien Ferk
Cwrirsh Barore  Oubpak Takls | Tai Tiss | Tagak Filiar | Tapui Paisi
Spacial Hadala Cupfiparatien Frieriky Lawal OF Interrapkien
[l v
[F'.lrrl:'.l' ]nlirrq:-ll-m Topa Frieriby Li o
1 And g Las
1rrlareg Lew

AL Law
3 anpul cixng sdps anlaccopd Law
e ng g dridanngd Las
TE anpal ravang adpn andareog Larm
B drpani wicieg &3pe drdanmgd Las

IR
=
-

T 1T inprl cawng adpe anlarcogd Lew

1a il | Lis

il irfarrpt | Lew

1z ioisropl | Les

k] 3 anpat Arwling sdp dmacropl | Lew

14 T4 drgaai dradldeeg 30+ dnddnmgpd | Les

i W& anpet Arwalieg sdps amlarepl | Lew

(L] OB drpasi iradldeg 30 dndsnopd | Les

17 1T anperl Arwaling adps arlacropl | Lew

1a FID (0] Duipai cosflads dnisnpa T gh

[E] FI0 7i) Deriperi svosplais drdaccpsr Kigh

| high mpese] oo dnisnpd O Las

21 hogh apd condar dotacoopt 1 Law

= bty reeed oot i nisnraed. B Law L
€ *

Figure 2-9 Setting interrupt priority
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Special Module Configuration

You can set the Module Type and Module Property in the Special Module Configuration tab, as shown in Figure

2-10.
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Figure 2-10 Setting special module
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1. Module Type
As shown in Figure 2-10, you can set the module type for No.0 ~ No.3 special modules.

Module Property

After selecting the Module Type, the corresponding Module Property will be activated. Open the dialogue box as
shown below.

BLA0-SAD  onfaguzxtion

DFEETE ~  [raikesion Fr——
Fodly saifing:  (Aulorals % Erypestshie ||3'

P [0 c Wodde wrsion | D
sy b high C IJ|ll:'l|-}w|md:\l| o
waard |

gt charmal_L J

f Fram s
P | s ¥ aarping tra
Digtal vk Lpper bt of
e el eabi
L o o Cumant .|:.
S vt preri e x|
Vode *C harral ™
R, ek L

02 T ILipr b o

e chattal vahm |

1. ¥ wounssd toumthe defaut sk intha rcculs, plesm it ta comanponding
e B ralloF "eina”

. ¥ Harwin a 7" waurt ini tha Frond, that rasra Ha O regivter sddram of ha
DEencing resn Kookl

Lo | | Cowd |

Figure 2-11  Setting special module property

In the dialogue box as shown in Figure 2-11, you can configure the channel for the special module, including Mode
(signal features), Digital value at zero, Upper limit of digital value, and Average sampling value. Refer to the user
manual of the specific special module for the meanings and configuration methods of the various parameters.
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Advanced Settings

The advanced settings include Datablock enabled, Element value retained, No battery mode and Formatting is

prohibited.
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Figure 2-12 Advanced settings

Datablock enabled

Check the Datablock enabled, and the datablock will be used to initialize the D elements when the PLC changes from
STOP to RUN.

Element value retained

Check the Element value retained, and the elements will not be initialized, but saved when the PLC changes from
STOP to RUN.

Note

When the Datablock enabled and Element value retained are both checked, the Datablock enabled prevails. See 2.7.6
Initialization Of Elements.

No battery mode

Check this option, and the system will not report the battery backup data lost error and forced table lost error upon
battery failure.

Datablock

The datablock is used to set the defaults for D elements. If you download the compiled datablock settings to the PLC,
the PLC will use the datablock to initialize the related D elements upon PLC startup.

The datablock editor enables you to assign initial data to the D register (data memory). You can assign data to words
or double words, but not to bytes. You can also add comments by inputting “//” to the front of a character string.

See AutoStation Programming Software User Manual for detailed datablock instruction.

Global Variable Table

The global variables table enables you to give meaningful names for certain PLC addresses. The names are
accessible anywhere in the project, and using them is in effect using the corresponding device.

The global variable

The global variable table includes three columns: Variable Name, Variable addr. and Comments.
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The variable name can be made up of letters (case insensitive), numbers, underline or their mixture, but no spaces.
The name cannot start with a number, nor be completely made up of numbers. Length: not longer than 8 bytes. The
format of “device type + number” is illegal. No keywords shall be used. The keywords include: basic data type,
instructions and the operators in the IL programming language.
The number of global variables shall not exceed 500. See Figure 2-13.
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Figure 2-13  Global variable table
2.2.4 Setting BFM For IVC2 Serie Special Module

2.3

There is no need to set the addresses for IVC2 series special modules, for the basic module can detect and address
them automatically upon power on.

Among the special modules, the analog extension module includes the analog input module and analog output
module.

The parameters of these two special modules, such as the channel characteristics, zero point and maximum digital
signal are by default applicable directly. However, when necessary, you can change the parameters in order to cater
for your actual needs.

IVC2 analog input module

IVC2 analog input module exchanges information with its basic module through the BFM area.

When a user program runs on the basic module, the TO instruction will write data to the related registers in the BFM
area of IVC2 special module, and change the default settings. The configuration data that can be changed includes
zero digital signal, maximum digital signal, input channel signal characteristic, input channel ready flag, and so on.

The basic module uses the FROM instruction to read the data from the BFM area of IVC2 analog input module. The
data may include the analog-digital conversion result and other information.
IVC2 analog output module

IVC2 analog output module exchanges information with its basic module through the BFM area.

When a user program runs on the basic module, the TO instruction will write data to the related registers in the BFM
area of IVC2 special module, and change the default settings. The configuration data that can be changed includes
zero digital signal, maximum digital signal, output channel signal characteristic, output channel ready flag, and so on.
The basic module uses the FROM instruction to read the data from, and uses the TO instruction to write the digital
signal to be convertered to, the BFM area of IVC2 analog output module.

For details about the TO/FROM instruction, refer to Chapter 6 Application Instructions. As for the information about
various special modules, as well as their BFM areas, see the quick start manuals of the special module.

Running Mode And State Control

You can start or stop the PLC in any of the following three ways.
1. Using the mode selection switch
2. Feeding power to the designated input terminal (see Input Point in 2.2.7  System Block)

3. Programming software (by clicking PLC -> Stop in the main interface if the mode selection switch is set as TM or
ON)
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2.3.1 System RUN And System STOP States

23.2

The basic module states include RUN state and stop state.
RUN

When the basic module is in the RUN state, the PLC will execute the user program. That is to say, all the four tasks in
a scan cycle, namely the user program execution, communication, internal tasks and I/O update, will be executed.

STOP

When the basic module is in the STOP state, the PLC will not execute the user program, but will still execute the other
three tasks in every scan cycle, namely the communication, internal tasks and 1/O update.

RUN & STOP State Change

How to change from STOP to RUN

1. Resetting the PLC

If the mode selection switch is set to ON, reset the PLC (including power-on reset), and the system will enter the RUN
state automatically.

A Note

If the Disable input point is not checked in the basic module system block, the corresponding input terminal must be ON, or the
system will not enter the RUN state after reset.

2. Setting mode selection switch
When the PLC is in STOP state, setting the mode selection switch to ON will change the PLC to RUN state.
3. Powering the designated input terminal

If the Disable input point is not checked in the basic module system block, feeding power to the designated input
terminal will change the PLC from STOP state to RUN state.

(A Note

The mode selection switch must be set to ON for the input terminal startup mode to be valid.

How to change from RUN to STOP

1. Resetting the PLC

If the mode selection switch is set to OFF or TM, resetting the system (including power-on reset) will change the PLC
to STOP state.

Note

Even when the mode selection switch is ON, the system will also enter the STOP state after reset if the Disable input point is not
checked in the basic module system block and the designated input point is OFF.

2. Setting mode selection switch

The system will change from RUN to STOP when you set the mode selection switch from ON or TM to OFF.
3. Using the STOP command

The system will enter the STOP state after executing the STOP command in the user program.

4. Auto-stop upon faults

The system will stop executing the user program when a serious fault (like user program error, or user program
execution overtime) is detected.

2.3.3 Setting Output In STOP State

You can set the state of output terminals (Y) when the PLC is stopped. The three optional settings include:
1. Disable: When the PLC is stopped, all output terminals will be OFF.
2. Freeze: When the PLC is stopped, all the output terminals will be frozen at the last status.

3. Configure: You can decide which output will be ON and which will be OFF when the PLS is stopped according to the
actual need.
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You can find the above settings in the Output Table tab of the System block. See the Output Table in 2.2.1 System
Block.

System Debugging

2.4.1 Uploading & Downloading Program

242

Downloading
The system block, data block and user program edited in AutoStation can be downloaded to the PLC through a serial
port. Note that the PLC should be in the STOP state when downloading.

If you change a compiled program and want to download it, the system will ask you to compile it again, as shown in
Figure 2-14.

T} Whathar rocepilation 1o zandad bafers the dewpluad
.} fithent compilation, ol tha proviewaly cospilad Eilas will ba dewslondadd

_
Yes No |

Figure 2-14 Re-compile prompt

& Note

If you select No, the program compiled last time will be downloaded to the PLC, which means the changes are invalid.

If you have set a download password and have not entered it after starting the AutoStation this time, a window asking
you to enter the password will pop up before the download can start.

Uploading

You can upload the system block, data block and user program from a PLC to your PC, and save them in a new project.
If the battery backed data are valid, the user auxiliary information files will be uploaded together. See Figure 2-15.

Upload project §|
Program narme
Location Ci\Documents and Settings E]
PLC bvpe
Default editar

Project
description

[ [a]4 ] [ Cancel

Figure 2-15 Upload dialogue box
If you have set a upload password and have not entered it after starting the AutoStation this time, a window asking you
to enter the password will pop up before the upload can start.

During the download, you can select to disable the upload function, which means no PC can upload the program from
the PLC. To enable the upload function, you must re-download the program and check to enable the upload function
during the downloading process.

Error Reporting Mechanism

The system can detect and report two types of errors: system error and user program execution error.

A system error is caused by abnormal system operation. While a user program execution error is caused by the
abnormal execution of the user program.

Every error is assigned with a code. See Appendix 6 System Error Code.

System error

When system error occurs, the system will set the special relay SM3, and write the error code into the special data
register SD3. You can obtain the system error information by accessing the error code stored in SD3.
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If multiple system errors occur at the same time, the system will only write the code of the worst error into SD3.

When serious system errors occur, the user program will halt, and the ERR indicator on the basic module will turn on.
User program execution error

When user program execution error occurs, the system will set the special relay SM20, and write the error code into
the special data register SD20.

If the next application instruction is correctly executed, the SM20 will be reset, while SD20 will still keep the error code.
The system keeps the codes of the lastest five errors in special data registers SD20 ~ SD24 and form a stack.

If the code of the current error is different from the code in SD20, the error stack will be pushed down, as shown in

Figure 2-16.
( New user program erroD

SD20

SD21

SD22

SD23

SD24

Discard

Figure 2-16 Push operation of the error stack

Only when serious user program execution error occurs will the user program halt and the ERR indicator on the basic
module turn on. In less serious cases, the ERR indicator on the basic module will not turn on.

Checing the error information on-line

Connect the PLC with your PC through the serial port, and you can read various PLC state information through the
AutoStation, including the system error and user program execution error.

In the main interface of AutoStation, click PLC -> PLC Info... to check the PLC information, as shown below:
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Figure 2-17 PLC information

The System error no. is the No. of the system errors stored in SD3, and Execution error no. is the No. of the
execution error stored in SD20. The error description is for your reference.
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2.4.3 Editing User Program Online

You can use the online edit function when you want to change the user program without stopping the PLC.

(A Warning

On occasions when casualties or property loss may occur, the online program editing function should be used by professionals
with sufficient protection measures.

Method

After making sure that the PC-PLC communication has been setup and the PLC is in RUN state, click Debug ->
Online Edit in the AutoStation main interface to enter the online edit state.

In the online edit state, you can edit the main program, subprograms and interrupts as usual. After the edit, click PLC
-> Download... and the edited program will be compiled and downloaded to the PLC automatically. When the
download completes, the PLC will execute the new program.

Limits

1. In the online edit state, you cannot change the global variable table or any local variable table, nor add or delete any
subprogram and interrupt.

2. AutoStation will quit the online edit state if the PLC is stopped.

244 Clearing And Formatting

You can use the clearing operation to clear PLC element value, PLC program and PLC datablock. While through
formatting, you can clear all PLC internal data and program.

PLC Element Value Clear

The PLC Element Value Clear function can clear all element values when the PLC is in STOP state.

Think it twice before using the clearing function, because clearing PLC element values may cause PLC operation error
or loss of working data.

PLC Program Clear

The PLC Program Clear function can clear the PLC user program when the PLC is in STOP state.

Think it twice before using the clearing function, because after the PLC user program is cleared, the PLC will have no
program to execute.

PLC Datablock Clear

The PLC Datablock Clear function can clear all the PLC datablocks when the PLC is in STOP state.

Think it twice before using the clearing function, because after the PLC datablock is cleared, the PLC will not initialize
element D according to the presetting of the datablock.

PLC Format

The PLC Format function can format all PLC data, including clearing the user program, restoring the defaults, and
clearing the datablock (when PLC is in STOP state).

Think it twice before using the formatting function, because this operation will clear all the downloads and settings in
the PLC.
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2.4.5 Checking PLC Information Online

PLC Info...

The PLC Info... function can obtain and display various PLC running information, as shown in Figure 2-18.
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Figure 2-18 PLC current operation information

PLC Clock

The PLC Clock function can be used to display and set PLC present time, as shown in Figure 2-19.

PLC Time X
Tirne sekking [ate setking
Hours: Years: 001 &
v v
Minutes: Maonths: 2 =
Seconds: 5z & Days: 14 -
- -
[ St kime l [ Close ]

Figure 2-19  Setting PLC clock

Displayed in the PLC Clock window is the present date and time of PLC. You can adjust the time setting and click the

Set time button to validate it.
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2.4.6 Write, Force And Element Monitoring Table

Write and force

During the debugging, some element values may need to be changed manually. You can use the write or force
function. Difference between write and force is that written element values are one-off and may change with the
program operation, but forced element values will be permanently recorded in the PLC hardware until being unforced.
To use the write or force function, just select the element that needs changing, right click and select Write Selected
Element or Force.... All the element addresses used by the selected element will be listed in the dialog box. Modify
the address value to be written or forced, click the OK button, and the value will be downloaded to the PLC. If these

values are effective in the hardware, you will see the change in later debugging process.
The Write element value dialogue box is shown in Figure 2-20:

¥rite element value &l
address  |data type |value yesfmo | OK
520 BOOL i3] |

Cancel

Figure 2-20 Write element value

The Force element dialogue box is shown in Figure 2-21:
Force element El
address data type |walue yes/no s
=0 BOOL = i —
[ concel |

Figure 2-21 Force element

You can see a lock under the forced elements in the LAD, as shown in Figure 2-22:
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Figure 2-22 Lock signs under forced elements
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Unforce

You can unforce any forced elements when forcing them becomes unnecessary. To unforce an element, select the
target element, right click and select Unforce to pop up a dialog box as shown in Figure 2-23. All the forced elements
among the selected elements are listed in the dialog box. You can select to unforce any elements, and click the OK
button to confirm. The forced value will be deleted from the PLC, so is the lock mark.

Unforce §|
addrezs data type |wes/mo oK
¥14 BOOL [w]

Cancel

Figure 2-23 Unforce
Element monitoring table

The element monitoring table (EMT) is responsible for monitoring the element value during the debugging. the
program input and output elements can be added to the EMT so that they can be tracked after the program is
downloaded to the PLC.

The EMT monitors the element value during the debugging. You can input the input & output elements, registers and
word elements into the EMT during the debugging so that those elements can be monitored after the program is
downloaded to PLC.

The EMT works in two modes: editing mode and monitoring mode. In the editing mode, no monitoring function can be
carried out. In the monitoring mode, both the monitoring and editing functions are available.

In the monitoring mode, the displayed elements’ values are updated automatically.

The EMT provides functions including editing, sequencing, searching, auto-updating of the current value, written value,
forced value of the specified element or variant, and unforce.

See Figure 2-24 for the illustration of an EMT:

o maIn | [ EMT_1 | alp|x
Element Name | data type display formal current walue new walue
- oo I S
2 WORD Decimal
3 WORD Decimal
4 TWORD Decimal
5 WORD Decimal

Figure 2-24  Element monitoring table

2.4.7 Generating Datablock From RAM

This function can continuously read and display the value of up to 500 D registers in the PLC. The results can merge
into the datablock or overwrite the original datablock.
Select PLC -> Generate Datablock From RAM... to pop up a window as shown in Figure 2-25.
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Figure 2-25 Reading data register value

Enter the range of the datablock to be read, click the Read from RAM button, and the data will be read into the list
after the instruction is correctly executed.

You can select hex, decimal or octal or binary system in the field of Display type to display the data.

Atfter reading the data successfully, the buttons of Merge to datablock and Overwrite datablock are enabled.
Clicking Merge to datablock will add the results after the current datablock. Clicking Overwrite datablock will replace
the contents in the datablock with the generated results. After exiting the register value reading window, the software
will prompt that the datablock has changed and the datablock window will be opened automatically.
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Chapter 3 Element And Data

This chapter details the description, classification and functions of the elements of IVC series small PLC.
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3.1

Element Type And Function

What Is A PLC Element

The PLC elements are virtual elements configured in PLC system design in order to replace the actual relays in the
relay control circuits. PLC uses the elements to calculate and configure system function. Due to their virtual nature, the
elements can be used repeatedly in the program, their number is in theory unlimited (only related to program capacity),
and have no mechanical or electric problems like their actual counterparts. Such features make the PLC much more
reliable than relay control circuits. In addition, it is easier to program and modify the logic.

The types and functions of IVC series PLC elements are shown in the following figure.

Buttons, contacts, etc.
-
<

X discrete input point hardware
circuit

It

‘ Input image registers
il

s

‘ Input point X

Auxiliary relay M
State relay S
Data register D
Timer T
Counter C
Local auxiliary relay LM
Offset addressing register Z
Local data register V

5

Elements
User program

N Special auxiliary relay SM | 1|
<ﬁﬂ/ Special data register SD |\

<

Output point Y
I

PLC system functions, system states, time square

wave, interrupts and communication, etc.

-

‘ Output image registers

J

Y discrete output point hardware
circuit

@V

Executing & displaying devices

Figure 3-1 Types and functions of PLC elements

In this manual, the elements are named according to their types. For example:
° Input point X, or “X element” for short

) Output point Y, or “Y element” for short

®  Auxiliary relay M, or “M element” for short
) Data register D, or “D element” for short
)

State relay S, or “S element” for short
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3.1.2 Element List

The elements of IVC series PLC are classified according to their functions, and are easily accessible.

The elements are listed in the following table.

Table 3-1 IVC series PLC elements
IVC1 series IVC2 series Numbered in
1o 1281/1280 (Input: X0 ~ X177. 2561/2560 (Input: X0 ~ X377. Octal
Output: YO ~ Y177) Noe! Output: YO ~ Y377) Noe!

Auxiliary relay 2048 (M0 ~ M2047) 2000 (M0 ~ M1999) Decimal

Local auxiliary relay N'°° 64 (LMO ~ LM63) 64 (LMO ~ LM63) Decimal

Special auxiliary relay 256 (SM0 ~ SM255) 256 (SMO ~ SM255) Decimal
Element State relay 1024 (SO ~ S1023) 992 (S0 ~ S991) Decimal
resources V¢4 [Timer 256 (TO ~ T255) Note2 256 (TO ~ T255) Note2 Decimal

Counter 256 (CO ~ C255) N3 256 (CO ~ C255) N3 Decimal

Data register 8000 (DO ~ D7999) 8000 (DO ~ D7999) Decimal

Local data register N ® 64 (VO ~ V63) 64 (VO ~ V63) Decimal

Offset addressing register 16 (Z0 ~ Z15) 16 (Z0 ~ Z15) Decimal

Special data register 256 4~ (SDO0 ~ SD255) 256 4~ (SDO0 ~ SD255) Decimal
Notes:

1: The X and Y elements are addressed in octal system, and X10 represents the 8" input point. The I/O point number here is the
system capacity, while the actual system 1/O point number is determined by the actual system configuration (including extension
modules and power supply).

2: The T elements are addressed according to the timing precision:

° 100ms: TO ~ T209

[ 10ms: T210 ~ T251

[ 1ms: T252 ~ T255

3: The C elements are addressed according to the counter types and functions:

[ 16bit up counter: CO ~ C199

° 32bit bi-directional counter: C200 ~ C235

° 32bit high speed counter: C236 ~ C255

4: Part of PLC elements are reserved for internal tasks. Avoid using those elements in the user program. See Appendix 3
Reserved Elements .
5: These two elements are local variants that cannot be defined in the global variant table. When the user program calls
subprograms or returns to the main program, they will be cleared, or be set through interface parameter transfer
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3.1.3

Input And Output Points

Element mnemonic
® X (discrete input point)
® Y (discrete output point)

Function

The X and Y elements represent respectively the input
state of hardware X terminal and output state of
hardware Y terminal.

The state of X elements is obtained through the input
image register, while the state of Y elements is output
through the output circuit driven by the output image
register. The two operations are carried out in the 1/0
Update stage of PLC scan cycle, as shown in Figure
3-2. For details, see 2.1.2 System Running
Mechanism (Scan Cycle Model) It is obvious that there
is a brief delay in PLC’s response to the I/O. The delay
is related to the input filter, communication, internal
tasks and scan cycle.

— =L

Execution of user
program

L

Communication

L

Internal tasks

A

Update I1/0

]

Input filtering

ices

dev

(%

Buttons, contacts, etc.

Figure 3-2 Schematic diagram of I/O update
Classification

X0 ~ X17 have digital filters whose filtering time can be
set at the system block. Others use hardware filter. X0
~ X5 can be used as the counting input point for high

speed counters. Besides, X0 ~ X7 can also be used for
inputting external interrupts, pulse tracking and SPD
frequency detecting instruction.

Y0 and Y1 can be used for high speed output. Others
are ordinary output points.

Elements numbered in

Octal, starting with 0. The X and Y elements of both
the basic module and the I/O modules are numbered
continuously like 0 ~ 7,10 ~ 17, 20 ~ 27, and so on.

Data type
Boolean (both X and Y)
Available forms

NO and NC contacts (dependent on which instruction
uses it)

The NO and NC contacts have opposite state values.
They are sometimes referred to as “a” contact and “b”
contact.

You can use NO and NC contacts of the Y element

during programming.
Value assignment

1. The X elements accepts only hardware input state
value and forced operation state value. In the user
program, they cannot be changed through output or
instructions, nor be set during system debugging.

2. You can assign values to Y elements with the OUT
instruction, or set the state value of Y elements, or
even force or write Y element values during system
debugging.

3. Through the system block, you can set the output
states of Y elements in the STOP state.
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3.1.4 Auxiliary Relays

Element mnemonic Value assignment

M
Function

The M state elements of discrete type are similar to the

1. Through instructions. 2. Write or force during
system debugging.

Battery backed features

transfer relays in the actual electrical control circuits. M elements in the |M elements outside
You can use them to save various transit states in the State saving range the saving range
user program. Power loss Remain unchanged Cleared

. RUN — STOP Remain unchanged |Remain unchanged
Elements numbered in STOP — RUN Remain unchanged Cleared

Decimal, starting with 0.
Data type

Boolean

Available forms

NO and NC contacts.

3.1.5 State Relays

Elemenet mnemonic
S

Alias

Step flag

Function

As the step flag, the S elements are used in the
Sequential Function Chart (SFC). See Chapter 7
SFC Tutor.

Classification

S0 ~ S19: initial step flag
Others: normal step flag
Elements numbered in
Decimal, starting with 0
Data type

Boolean

Note: The saving range is set through the system block. See
2.2.1 System Block.

A Note

When using the N:N bus protocol, some M elements will be
used by the system.

Available forms

1. Representation of steps (when used in STL
instruction)

2. NO and NC contacts (when not used in STL
instruction). Similar to M elements, the NO and NC
contacts of S elements are available during
programming.

Value assignment

1. Through instructions. 2. Write or force during
system debugging.

Battery backed features

S elements in the | S elements outside
saving range the saving range
Remain unchanged Cleared

State

Power loss

RUN — STOP |Remain unchanged|Remain unchanged
STOP — RUN [Remain unchanged Cleared
Note: The saving range is set through the system block.
See 2.2.1 System Block

IVC Series Small PLC  Programming Manual



36

Chapter 3 Element And Data

3.1.6 Timer

Element mnemonic
T
Function

The T element contains a word element (2 bytes) and
a bit element. The T word element can record a 16-bit

value. The T bit element represents the timer coil state

and is applicable to logic control.

1 state bit

T bit element

Sign bit
T word elemen\]\

M‘SB
JNNENED
-

LTI ve8
16 bits )[

Figure 3-3 T element
Classification

According to the timing precision, the T elements are
classified into three types:

T element Timing precision

TO ~ T209 100ms
T210~ T251 10ms
T252 ~ T255 1ms

The T elements with the timing precision of 1ms are
activated by interrupts, unrelated to the PLC scan
cycle. Their action time is the most precise. The

update and action time of other T elements are related

to PLC scan cycles.
Elements numbered in

Decimal, starting with 0

Data type
Boolean, word
Available forms

The timing and action mode of T elements are
determined by the timing instruction that uses them.
There are four timing instructions: TON, TOF, TONR
and TMON. See Chapter 5 Basic Instructions for
details.

Value assignment

1. Through instructions. 2. Write or force during
system debugging.

Battery backed features

T elements in the .
) T elements outside
State saving range the saving range
(for IVC2 only) e
Power loss Remain unchanged Cleared
RUN — STOP | Remain unchanged |Remain unchanged
STOP — RUN | Remain unchanged Cleared

Note: The saving range is set through the system block. See
2.2.1 System Block

(R Note

The maximum timing value of T element is 32767. The
preset value is -32768 ~ 32767. Because T elements act
only when the counted value reaches or exceeds the preset
value, it is pointless setting the preset value as a negative
number.
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3.1.7 Counter

Element mnemonic
C
Function

The C element contains a bit element and a word (or a
double word) element. The word elements can record
16-bit or 32-bit counted numbers, and is used as a
value in the program. The bit element represents the
state of the counter coil and is applied to logic control.

1 state bit
C bit element|
MSB
_Sign bt~
te-bit counter [T [ [ [ [[[ [T 11} LS8
| 16 bits J
i A
MSB
Sign bit !
32-pitcounter [T TT [T T [T TTTTITITTTTTITITITITI1} Lse
| 16 bits J 16 bits J
IS S A

Figure 3-4 C element
Classification
Two types: 16-bit counter and 32-bit counter
Elements numbered in
Decimal, starting with 0
Data type

Boolean, word or double word.

Data Register

Element mnemonic

D

Function

As a data element, the D elements are used in many
calculation and control instructions as the operands.
Elements numbered in

Decimal, starting with 0

Data type

Every D element is a 16-bit register that can store data,
like an 16-bit integer.

Two D elements can form a double word and store a
32-bit data, such as the long integer data or
floating-point data.

Sign bit SB  Dn element (n: 0 ~ 7999)

s.nglewordD\NH [TTTTTTTT] HTLSB
element k 16 bits A
: MSB LSB
Sign bit ‘ Dn element (n: 0 ~ 7998)‘ D(r:]+01 el%r;gnt
Doubl d
S“e.eemﬂ\H\\HHHHHHHHHHH\HH\

bits

The data range of single word D element: -32, 168 32,767
The data range of double word D element: -2, 147, 483, 648 ~ 2, 147, 483, 647

Figure 3-5 D element

Available forms

The instructions that may use the C elements are
classified into 4 types: CTU, CTR, DCNT and the high
speed counter instructions. See Chapter 5 Basic
Instructions and Chapter 6 Application Instructions
for details.

The classification of C elements is shown below:

C elements Type Applicable to
CO~C199 16-bit up counter CTU, CTR
C200 ~ C235 32-bit bi-directional DCNT
counter
2-bit high High I
C236 ~ C255 32-bit high speed .lg sp.eed /O
counter instructions

Value assignment

1. Through instructions. 2. Write or force during
system debugging.

Battery backed features

State C elements inthe | C elements outside
saving range the saving range
Power loss Remain unchanged Cleared
RUN — STOP | Remain unchanged |Remain unchanged
STOP — RUN | Remain unchanged Cleared

Note: The saving range is set through the system block. See
2.2.1 System Block

A Note

In a double word D element, the higher 16-bit is in the first
D element; and the lower 16-bit is in the second D element.

Available forms

The D elements are used in many calculation and
control instructions as the operands.

Value assignment

1. Through initialization. 2. Through instructions.
3. Write or force during system debugging.

Battery backed features

State

D elements in the
saving range

D elements outside
the saving range

Power loss

Remain unchanged

Cleared

RUN — STOP

Remain unchanged

Remain unchanged

STOP — RUN

Remain unchanged

Cleared

Note: The saving range is set through the system block.
See 2.2.1 System Block

A Note

Some D elements may be reserved for internal tasks when
the FREQUENCY CONVERTER instructions or N:N bus
protocol is used.
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3.1.9 Special Auxiliary Relay

3.1.10

Element mnemonic
SM
Function

The SM elements are closely related to the PLC
system function. They reflect PLC system function and
system state. For details, see Appendix 1 Special
Auxiliary Relay.

Classification

The frequently used SM elements include:

® SMO: PLC operation monitor bit. It is ON when
the PLC is in RUN state.

® SM1: initial operation pulse bit. It is ON in the first
scan cycle of PLC operation.

®  SMS3: system error. It is ON if any system error is
detected after PLC is powered on or when PLC
changes from STOP to RUN.

® SM10 ~ SM12: respetively the clock square-wave
cycled at 10ms, 100ms and 1s (flipping-over
twice in a cycle).

In addition, you can use, control or change the PLC

system function by adjusting certain SM elements.

Such elements include:

Special Data Register

Element mnemonic
SD
Function

The SD elements are closely related to the PLC
system function. They reflect PLC system function
parameters, state code and instruction execution data.
See Appendix 2 Special Data Register for details.

Classification

® The frequently used SD elements include:

® SDa3: system error code.

® SD50 ~ SD57: high speed pulse output monitor.
® SD100 ~ SD106: real time clock data.

In addition, you can change PLC system function
parameters by changing certain SD elements. Such
elements include:

SD66 ~ SD68: cycle of timed interrupt.

SD80 ~ SD89: locating instruction parameters.

SM40 ~ SM68: interrupt control flag bit. Setting these
SM elements will enable the corresponding interrupts.

SM80/81: YO/Y1 high speed pulse output stop
instruction.

SM110 ~ SM114: monitor bit of free port 0
SM135/136: Modbus communication flag bit.

SM172 ~ SM178: integrated analog channel enabling
flag (valid only for IVC1-1614MAR1)

Elements numbered in
Decimal, starting with 0
Data type

Boolean

Available forms

NO and NC contacts
Value assignment

1. Through instructions. 2. Write or force during
system debugging.

SD100 ~ SD106: real time clock data.
Elements numbered in

Decimal, starting with 0

Data type

Word (integer)

Available forms

Storage and calculation of integers
Value assignment

1. Through instructions. 2. Write or force during
system debugging.

(A8 Note

You cannot assign values to the read only SD elements.
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3.1.11

3.1.12

3.1.13

Offset Addressing Register

Element mnemonic
Z
Function

The Z elements are 16-bit registers that can store
signed integers. For detailed offset addressing
information, see 3.2.2 Z Addressing Mode (Offset
Addressing Mode).

Elements numbered in

Decimal, starting with 0

Local Auxiliary Relay

Element mnemonic
LM
Function

The LM elements are local variants and can be used in
the main program and subprograms. But being local
variants, they are valid only in a certain program.
Different programs cannot share the same LM element
directly. When the system jumps from one program to
another, the system will redefine the LM element.
When the system returns to the main program or calls
a subprogram, the redefined LM element will be
cleared, or be set by the interface parameter transfer.
The LM elements can be used to define the interface
parameters of subprograms to realize interface
parameter transfer. For details, see 4.4 Subprogram.

Local Data Register

Element mnemonic
\%
Function

The V elements are local variants and can be used in
the main program and subprograms. But being local
variants, they are valid only in a certain program.
Different programs cannot share the same V element
directly. When the system jumps from one program to
another, the system will redefine the V element. When
the system returns to the main program or calls a
subprogram, the redefined V element will be cleared,
or be set by the interface parameter transfer.

The V elements can be used to define the interface
parameters of subprograms to realize interface
parameter transfer. For details, see 4.4 Subprogram.

Data type
Word
Available forms

The Z elements are used for offset addressing. You
need to write the addressing offset to the Z elements
before you can use them.

Value assignment

1. Through instructions. 2, Write or force during
system debugging.

Elements numbered in
Decimal, starting with 0
Data type

Boolean

Available forms

NO and NC contact
Value assignment

1. Through instructions. 2. Write or force during
system debugging.

Elements numbered in
Decimal, starting with 0

Data type

Boolean

Available forms

Word, for numeric information
Value assignment

1. Through instructions. 2. Write or force during
system debugging
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3.2

3.21

Elements Addressing Mode

Kn Addressing Mode (Combined Bit-string Addressing Mode)

Concept

The Kn addressing mode, or combined bit-string addressing mode, realizes addressing by combining bit elements into
words or double words.

Kn addressing method
The formatis: “K (n) (U)”, where the “n” is an integer from one to eight, standing for the length of the bit string: n x 4.
The “U” stands for the address of the starting element.
For example:
1. K1X0 stands for a word made up of (X0, X1, X2, X3).
2. K3YO0 stands for a word made up of (YO0, Y01, Y02, Y03), (Y04, Y05, Y06, YO07), (Y10, Y11, Y12, Y13).
3. K4MO stands for a word made up of MO, M1, M2, M3..., M15.
4. K8MO stands for a word made up of MO, M1, M2, M3..., M31.

Data storage using Kn addressing mode

The following is an example of how a specific data can be stored using the Kn addressing mode:

MOV 2#10001001 K2MO (which is equal to MOV 16#89 K2MO0, or MOV 137 K2MO0). After executing the instruction, the
result is:

Highest bit Lowest bit
K2MO0 M7 M6 M5 M4 M3 M2 M1 MO
16#89 1 0 0 0 1 0 0 1

Points to note

If the destination operand uses the Kn addressing mode, while the data to be stored is longer than the length of the
destination operand, the system will keep the lower bits and discard the higher bits.

For example:

Execute instruction DBITS 16# FFFFFFFO K1MO. After executing the instruction, the operand 2 (K1MO) should store
the calculation result 16# 1c (28). However, the K1MO is only 4 bits wide, which is not enough for 16# 1c. By discarding
the higher bits, the actual operand 2 is K1MO = 16# c (12).

3.2.2 Z Addressing Mode (Offset Addressing Mode)

Concept

The IVC2 series PLC provides the Z addressing mode, or offset addressing mode. You can use the Z elements (offset
addressing register) to get indirect access to the targe elements.

Z addressing method

Targe address = Basic element address + Address offset stored in Z element

For example:

In the offset addressing mode, for D0Z0 (Z0 = 3), the target address is D3, because DO is the basic address, and the
offset address is stored in element Z0, which in this case, is 3.

Therefore when Z0 = 3, the instruction “MOV 45 DO0Z0” is equal to “MOV 45 D3”in effect, because in both cases
the D3 is set as 45 by the instruction.
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Offset addressing example

1. Bit element offset addressing example
LD MO1

MOV 6 Z1

SFTR X0Z1 MO 8 2

The preceeding instructions are in effect equal to:

LD MO 1

SFTR X6 MO 8 2

The addressing process is as follows:
Z1=6

2. Word element offset addressing example

LD MO1

MOV 30 2Z20

MOV D100Z20 DO

The preceeding instructions are in effect equal to:
LD MO1

MOV D130 DO

The addressing process is as follows:

Z20=30

X0Z1 =X (0+Z1) = X6 D100 220 = D (100+Z20) = D130

Points to note
1. The Z elements store the offset for the offset addressing. They support signed integers, which means minus offset is
supported.
For example:
MOV -30 Z20
MOV D100Z20 DO
The preceeding instructions are equal to the following one in effect:
MOV D70 DO
2. The SM elements and SD elements do not support the Z addressing mode.

3. Pay attention to the address range when using the Z addressing mode. For example, D7999Z0 (Z0 = 9) is outside
the address range of the D elements, which is not bigger than D7999.

3.2.3 Kn Addressing In Combination With Z Addressing

The Kn addressing mode can be used in combination with the Z addressing mode. For example: K1X0210.

In this mode, the starting element address is found throught the Z addressing mode, then the Kn addressing mode is
used to determine the length of the bit string.

For example:
LD M1
MOV 3 Z10
MOV K1X0zZ10 DO
The preceeding instructions are in effect equal to:
LD M1
MOV K1X3 DO
The addressing process is as follows:
Z210=3
K1X0Z10=K1X (0+Z10) = K1X3

3.2.4 Storing & Addressing 32-Bit Data In D & V Elements

Storing 32-bit data in D and V elements

The DINT, DWORD and REAL data are all 32-bit, while the D and V elements are both 16-bit. Two consecutive D or V
elements are needed to store the 32-bit data.

The IVC2 series PLC stores the 32-bit data in the Big Endian mode, which means the elements with smaller addresses
are used to store the higher bits, while the elements with bigger addresses are used to store the lower bits.

For example, the signless integer “16# FEA8_67DA” is stored in the element (D0, D1). The actual storing format is:

DO OxFEA8
D1 0x 67DA
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3.3

3.3.1

Addressing 32-bit data in D and V elements

You can use a D or V element to locate a 16-bit data, such as an INT or WORD data, or a 32-bit data, such as a DINT
or DWORD data.

If a D or V element address is used in an instruction, the operand data type determines whethther the data is 16-bit or
32-bit.

For example:

In the instruction “MOV  16#34 DO0”, the address DO stands for a single DO element, because operand 2 of the MOV
instruction is of the WORD data type.

In the instruction “DMOV 16# FEA867DA DO0”, the address DO stands for two consecutive words: DO and D1,
becase operand 2 of the DMOV instruction is of the DWORD data type.

Data

Data Type

All instruction operands are of a certain data type. There are altogether six data types, as listed in the following table:

Table 3-2 Operand data types

Data type Type description Data width Range
BOOL Bit 1 ON, OFF (1, 0)
INT Signed integer 16 -32768 ~ 32767
DINT Signed double 32 -2147483648 ~ 2147483647

integer

WORD Word 16 0 ~ 65535 (16#0 ~ 16#FFFF)
DWORD Double word 32 0 ~ 4294967295 (16#0 ~ 16#FFFFFFFF)
REAL Floating point 32 +1.175494E-38 ~ +3.402823E+38

3.3.2 Correlation Between Elements And Data Types

The elements used as instruction operands must have suitable data types. The correlations are listed in the following
table.

Table 3-3 Elements and data type correlations

Data type Elements
C T
BOOL
X Y M S LM SM

INT Constantf KnX KnY KnM KnS KnLM | KnSM D SD C T \ Z
DINT Constantf KnX KnY KnM KnS KnLM | KnSM D SD C V

Constantf KnX KnY KnM KnS KnLM | KnSM D SD (o} T \ VA
WORD

Constantf KnX KnY KnM KnS KnLM | KnSM D SD C T \
DWORD

Constant] D \%
REAL

If an instruction uses an operand with unsuitable data type, the instruction will be deemed illegal. For example,
instruction “MOV 10 XO0” is illegal because operand 2 of the MOV instruction is of signed integer data type, while
the X0 element can store only Boolean data.

(B8] Note

1. When the operand is of INT or WORD type, the applicable elements include KnX, KnY, KnM, KnS, KnLM and KnSM, where
1<n<4

2. When the operand is of DINT or DWORD type, the applicable elements include KnX, KnY, KnM, KnS, KnLM and KnSM,
where 5sn<8§

3. When the operand is of INT or WORD type, the applicable C elements are CO ~ C199.

4. When the operand is of DINT or DWORD type, the applicable C elements are C200 ~ C255.
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3.3.3 Constant

You can use constants as the instruction operands. IVC2 series PLC supports input of multiple types of constants. The
usual constant types are listed in the following table:

Table 3-4 Constant types

Constant type Example Valid range Remarks
Pemmal constant (16-bit signed 8949 30768 ~ 32767
integer)
Pemmal constant (16-bit unsigned 65326 0 ~ 65535
integer)
Decimal constant (32-bitsigned | » 7 1a3646  |-2147483648 ~ 2147483647
integer)
Pemmal constant(32-bit unsigned 4294967295 0 ~ 4294967295
integer)
Hex constant (16-bit) 16#1FE9 16#0 ~ 16#FFFF The h L or bi
Hex constant (32-bit) 16#FD1EAFEQ | 16#0 ~ 16#FFFFFFFF _‘:h X, °°_tt_a orbinary i?”st)a”ts are
Octal constant (16-bit) SHT1T3 8#0 ~ BHTTTTT netiher postive nor negative by
. themselves. When used as operands, the
Octal constant (32-bit) 8#71732 8#0 ~ 8#HITTTTTTTTTT - .
- - positive and negative nature of these
Binary constant (16-bit) 2#10111001 2#0 ~ 2#1111111111111111 .
constants are determined by the data
Binary constant (32-bit) 2#1011100111 | 2#0 ~ 2#1111111111111111 type of the operand
v 11 1111111111111 ’
~3.1415E-16 'clfr?:prlfnr;mtmhiLEEsi-ﬂ?j:;e can displa
Single-precision floating point 3.1415E+3 +1.175494E-38 ~ +3.402823E+38 | Prodramming so pay
0.016 and input floating point constants with
’ 7-bit of operational accuracy
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Chapter 4 Programming Concepts

This chapter details the programming of IVC series small PLC, including the programming language, program
components, data type, addressing mode and annotating function. The programming and usage of subprograms are
also introduced, and finally, the general explanation of instructions.
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4.1

411

Programming Language

Three programming languages are provided: ladder diagram (LAD), instruction list (IL) and Sequential Function Chart
(SFC).

LAD

Concepts

The LAD is a widely-used diagram programming-language, similar to the electric (relay) control diagram. It features:
1. Left bus, with right bus omitted.

2. All control output elements (coils) and functional blocks (application instructions) share the same power flow inlet.
The electric control diagram and LAD are equivalent to a certain degree, as shown in the following figure.

LSl PB C
2

| | 222

Figure 4-1 The equivalence between electric control diagram and LAD

LAD basic programming components

According to the principles in electric control diagram, several basic programming components are abstracted for the
LAD:

1. Left bus: Corresponding to the control bus in electric control diagram, it provides power for the control circuit.

2. Connecting line (— 1 ): Corresponding to the electric connection in electric control diagram, it connects different
components.

3. Contact (4F): Corresponding to the input contact in electric diagram, it controls the ON/OFF and direction of control
currents. The parallel and serial connection of contacts stands for the logic calculation of inputs, determining the
transfer of power flow.

4. Coil (£*): It corresponds to the relay output in electric control diagram.

5. Function block (£): Or application instruction. Corresponding to the execution unit or functional device that
provides special functions in electric control diagram, it can accomplish specific control function or control calculation
function (like data transmission, data calculation, timer and counter).

Power flow
Being an important concept in LAD, the power flow is used to drive coils and application instructions, which is similar to
the control current output by the driving coil, and executed by the execution unit in electric control diagram.

In LAD, the coils or application instructions must be preceded with power flow, because the coils can output and
instructions can be executed only when the power flow is ON.

The following figure demonstrates the power flow in LAD and the how the power flow drives coils or function blocks.

Power flow No.1
Ma M1 Mz e Tn
W |y = |- o om
Ma M1 NS Power flow No.1
i i { }
M1 M1
I I Power flow No.2
Ma M1 M1 Ma A Tl
4 i i i =} < Il
Mz T2
Power flow No.3 : 3
Three power flows
> 99
T MoV 999 oo ]

Figure 4-2 Power flow and its driving function
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412 IL

The IL, or the instruction list composed by users, is a text programming language.

The user program stored in the PLC basic module is actually the instruction list recognizable to the basic module. The
system realizes the control function by executing the instructions in the list one by one.

The following is an example of equivalent LAD and IL.

LAD

X0 X14
— p
X1 X1 Y1
— —C D
X2 Y2
< O

X3 X4 Y3
— ——— —<
X5 X6 Y4
— ——
X7 X10
—

Y5

LD
OR
AND
MPS
ouT
AND
ouT
MPP
AND
MPS
ouT
AND
AND
ouT
MRD
LD
AND
LD
AND
ORB
ANB
ouT
MPP
ouT

X0
X1
X14

YO
X1
Y1

X2

Y2
X3
X4
Y3

X5

X6

X7

X10

Y4

Y5

41.3 SFC

The SFC is a diagram programming-language usually used to realize sequence control, which is a control process that
can be divided into multiple procedures and proceed according to certain working sequence.

The user program designed with SFC is direct and clear because it has a structure similar to the actual sequence

control process.

See the following figure for a simple example of SFC.

/*Validate step 50 in the

<= i)
/*Processing step SZ0%/
: )
ML
—

BT ]

w
(L]

<

first scan cycle of the user program*/

Figure 4-3 Example of SFC
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4.2

4.2.1

422

423

4.3

4.3.1

Program Components

The program components include user program, system block and data block. You can change these components by
programming.

User Program

A user program is the program code composed by users. It must be compiled into executable instruction list,
downloaded to the PLC and executed to realize the control function.

The user program comprises three Program Organization Units (POU): main program (MAIN), subprogram (SBR) and
interrupt (INT).

Main program

The main program is the main body and framework of the user program. When the system is in RUN state, the main
program will be executed cyclically.

One user program has only one main program.

Subprogram

A subprogram is a program independent in structure and function. It can be called by other POUs. Subprograms
generally have call operand interface and are executed only when being called.

A user program can have random number of subprograms, or no subprogram at all.

Interrupt

An interrupt is a program section handling a specific interrupt event. A specific interrupt event always corresponds to a
specific interrupt.

Upon the occurance of an interrupt event, a ordinary scan cycle will be interrupted. The system will run the
corresponding interrupt until the interrupt is finished, when the system will return to the ordinary scan cycle.

A user program can have random number of interrupts, or no interrupts at all.

System Block

The system block contains multiple system configuration parameters. You can modify, compile and download the
system block to configure the operation mode of the basic module.
For details, see 2.2.1 System Block or the related description in AutoStation Programming Software User Manual.

Data Block

The data block contains the values of D elements. By downloading the data block to the PLC, you can set a batch of
designated D elements.

If the Datablock enabled is checked in the Advanced Settings tab of System block, the D elements will be
initialized by the data block before the PLC executes the user program.

Block Comment And Variable Comment

Block Comment

You can add comments to the program. Occupying a whole row, each piece of comment can be used to explain the
function of the following program block.

In the program, right click and select Insert Row to insert a row above the current row. You can use a empty row to
separate two program sections.

To make a block comment, just select an empty row, right click and select Insert Block Comment.
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Figure 4-4 Adding block comment

Input your comment into the Block Comment dialogue box that pops out and click the OK button

 sbairaracacian|

Figure 4-5 Block comment dialogue box

The comment will appear in the empty row, as shown below:
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Figure 4-6 The block comment

A block comment occupies a whole row. You cannot add a block comment to an occupied row, nor can a row occupied
by a comment be used for other purposes.

4.3.2 Variable Comment

You can define variables in the Local variable table and Global variable table. (See 2.2.3 Global Variable Table
and 4.4.3 SBR Local Variable Table) , and use them in the LAD programming language. A variable can stand for a
certain address to make the program more sensible. Figure 4-7 shows some variables defined in a global variable

table.
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i B

Varishla Nsmn Varishla mddc.
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Figure 4-7 Variables defined in the global variable table
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Symbol Addressing

When the defined variables are used, you can select View -> Symbole Addressing to display their names instead of
their addresses in the LAD or IL program.
The following figure shows the LAD program when the Symbol Addressing is not checked.

| MR * | =

Variakle sddr. Vacishla Nsas Verisble Typs Owis Typs Comsaots

q ¥

Figure 4-8 When symbole addressing is unchecked

The following figure shows the LAD program when the Symbol Addressing is checked.
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Figure 4-9 When symbole addressing is checked

Element comment
You can select View -> Element Comment to display the element comments in the LAD program, as shown in Figure
4-10.

| Mam | =
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e
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Figure 4-10 The LAD program displaying element comments

Note

The block comment, global variable table and local variable table can be compiled and downloaded to the IVC2 series PLC. To
store such information, battery backup is needed. However, although battery failure may cause information loss, comment upload
failure and user information file error report, the user program can still run normally.
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Subprogram

Concept

Being an optional part of the user program, a subprogram (SBR) is an independent Program Organization Unit (POU)
that can be called by the main program or other SBRs.

You can use SBRs in your user program to:

1. Reduce the size of the user program. You can write a repeated program section as a SBR and call it whenever
necessary.

2. Clarify the program structure, particularly the structure of the main program.
3. Make the user program more transplantable.

Points To Note For Using SBRs

Note the following when writing or calling a SBR:

1. The PLC supports up to 6 levels of SBR nesting.

The following is an fine example of 6-level of SBR nesting:

MAIN —» SBR1 —» SBR2 —» SBR3 —» SBR4 — SBR5 — SBR6 (where the “—” represents calling with the CALL
instruction)

2. The PLC does not support recursive calling and cyclic calling of SBRs.

The following two examples show two illegal SBR callings.

® MAIN—SBRO—SBRO (recursive calling, illegal)

® MAIN—SBRO—SBR1—SBRO (cyclic calling, illegal)

3. You can define up to 64 SBRs in a user program.

4. You can define up to 16 bit variables and 16 word variables in the local variable table of a SBR.

5. When calling a SBR, the operand type of the CALL instruction must match the variable type defined in the SBR local
variable table. The compiler will check the match.

6. The interrupts are not allowed to call SBRs.

SBR Local Variable Table

Concept

The SBR local variable table displays all SBR interface parameters and local variables (both are called variables) and
stipulates their properties.

SBR variable properties

The SBR variables (including interface parameters and local variables) have the following properties:
1. Variable address

Based on the variable data type, the software will automatically assign a fixed LM or V element address to each SBR
variable in sequence.

2. Variable name

You can give each SBR variable a name (alias). You can use a variable in the program by quoting its name.
3. Variable type

The SBR variables are classified into the following four types:

® IN: The IN type variables can transfer the inputs of SBR when the SBR is being called.

® OUT: The OUT type variables can transfer the SBR execution result to the main program when a SBR calling
ends.

® IN_OUT: The IN type variables can transfer the inputs of SBR when the SBR is being called, or transfer the the
SBR execution result to the main program when a SBR calling ends.

® TEMP: The TEMP variables are local variables that are valid only within the SBR.
4. Data type
The variable data type specifies the range of the data. The variable data types are listed in the following table.
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Table 4-1 Variable data types

Data type Description Occupid LM/V element address
BOOL Bit type One LM element address
INT Signed integer type One V element address
DINT Signed double integer type Two consecutive V element addresses
WORD Word type One V element address
DWORD Double word type Two consecutive V element addresses
REAL Floating point type Two consecutive V element addresses

4.4.4 SBR Parameter Transfer

44.5

If local input or output variables are defined in a SBR, when the main program calls the SBR, you should input the

corresponding variable values, global variables or temporary variables into the SBR interface parameters. Note that
the global variable should be of the same data type with the local variable.

Example

What follows is an example of how to write and call a SBR.

Function of this example SBR

Call SBR_1 in the main program to complete a adding calculation of two integer constants 3 and 2, and assign the

result 5 to DO.

Operation procedures

Step 1: Insert a SBR into the project and name it as SBR_1.
Step 2: Write SBR_1.

1. Set the SBR calling interface through the SBR_1 variable table.

1) Variable 1: Name it as IN1 (variable type: IN). Set the data type as INT. The software will assign it with a V element

address of VO.

2) Variable 2: Name it as IN2 (variable type: IN). Set the data type as INT. The software will assign it with a V element

address of V1.

3) Variable 3: Name it as OUT1 (variable type: OUT). Set the data type as INT. The software will assign it with a V

element address of V2.
2. Write the SBR_1 as:

LD SMO
ADD #IN1

#IN2 #OUT1

The above program is shown in the following figure.
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| =l RFTE ¥mciable sddz. Tacisblas Fsas Verisbles Typa Tacs Tipe Comments &
I":;J blezk un w 11
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BB Aobal warinkle kokin [H_0iT INT
Furnblack b DTTL L] IHT w
& Sratem bleck 1 ¥
v &% Crons referance bukls 5
= [l Elemunt wesiburing kubla E ]
B EMT_4 — | [+ Bise RV i
= -_'ul.'-'- squpmgnk cExmackpen
= Confiparstion ishle of W1
i 1 ’ -
s FEct Waregsr | el ratrucion Tres ) :__

Figure 4-11  Writing SBR_1

Step 3: Write the main program and call the SBR

Use the CALL instruction in the main program to call SBR_1.

The corresponding
LD MO
CALL SBR_1

main program is as shown below:

3 2 DO
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4.5

451

452

You can use the parameter transfer relationship table as shown in the following figure to set the parameters transferred
to the subprogram and specify the element for storing the result of the subprogram.

® Parameter IN1 is used to transfer constant integer 3
® Parameter IN2 is used to transfer constant integer 2
® The result OUT1 is stored in DO
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Figure 4-12 Calling subprogram

Step 4: Compile, download and run the user program and check the correctness of the SBR logic.

Execution result

When MO0 is ON, SBR_1 will be called. Values 2 and 3 are transferred to the operands IN1 and IN2 to carry out the
calculation operation. The result 5 is then returned to the main program, and in the end, DO is 5.

General Information Of Instructions

Instruction Operands

The instruction operands can be classified into the following two types:

®  Source operands: or S (or S4, S2, S3 ... when there are more than one of them in the same instruction). The
instruction reads values from source operands for calculation.

® Destination operands: or D (or D4, D2, D3 ... when there are more than one of them in the same instruction). The
instruction controls or outputs values to the destination operands.

The operands could be bit elements, word elements, double-word elements, or constants. See the specific instruction
description in Chapter 5 or Chapter 6 for details.

Flag Bit
The instruction result may affect three kinds of flag.

Zero flag SM180

The zero flag is set when the instruction operation result is zero.

Carry flag SM181

The carry flag is set when the instruction operation result is a carry.

Borrow flag SM182

The borrow flag is set when the instruction operation result is a borrow.
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4.5.3 Limits To Instruction Usage

There are some limits to the usage of certain instructions. For details, see the description of the specific instruction.
Exclusive hardware resources

Some instructions requires hardware resources. When a specific hardware is being used by a certain instruction, the
access to the hardware will be denied to other instructions, because the occupation of the resource is exclusive.

Take the high speed I/O instructions and SPD instruction for example. Any of these instructions occupies a input point
among X0 ~ X7. The limited resources will make it impossible to exeucte these instructions at the same time.

Exclusive time
The execution of certain instructions may take some time. During such period, the system will be too busy to execute
other instructions.

Take the XMT instruction for example. Because of the time limit in communication, only one XMT instruction can be
executed once. In the same way, the free port can execute only one RCV instruction once. Everytime when a Modbus
instruction is being executed, the communication channel will be unavailable to other instructions for a while. The
same is true to other instructions such as high speed output instruction, locating instructions and FREQUENCY
CONVERTER instructions.

Application limit

Some instructions cannot be used in certain situations due to their limited application scope.
For example, instruction pair MC/MCR cannot be used in the steps of SFC.
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Chapter 5 Basic Instructions

This chapter details the basic instruction of IVC1 and IVC 20, including the instruction format (form), operand,
influenced flag bit, function, example and sequence chart.

5.1 Contact LOGIC INSIIUCTIONS ...ttt e oottt e e e e e et e et e e e e e e e nnbeeeeaaaeaaannnseeeeaaaeaaasanneaaaaeeaannes 55
5.1.1 LD: NO Contact POWEr-FIOW LOAAING .......coeiiiiiiiiiiiiie ettt e e e et e e e e e e e e e nnbeeeeaaeeeaannnneeas 55
5.1.2 LDI: NC Contact POWEr-FIOW LOAAING .....eeiiiiiiiiiiiiiiie ettt ettt e e e e e et e e e e e e e s ennnneeas 55
5.1.3 AND: NO Contact POWEI-FIOW AN ........ooiiiiiiiiiiiiiie ettt e e e e e et e e e e e ee s e e eeaeesessnsbaaeeaaeeesnnssnees 56
5.1.4 ANL: NC Contact POWET-FIOW AN .......uiiiiiiiiiieiieiie ettt e e e e e e et e e e e e e sessntbeeeeeeesessnstaaeeaaeeesnnssnnees 56
5.1.5 OR: NO CoNntact POWE-FIOW OF ...ttt e e e e e sttt e e e e e s et beeeeaaesessnsbaaeeeaeeesansnnees 57
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5.1.10 MPS: Output POWEr-FIOW INPUE STACK......ccciiiiiiiiiiiie it e e e e e e s e aee e e e e e e s nnsnnees 59
5.1.11 MRD: Read Output Power-FIow Stack TOP ValUE ...........uuiiiiiiiiiiiiiieee ettt e e e 60
5.1.12 MPP: Output POWer-FIOw Stack POP Off ...t e e e e e e e e e s nanees 60
5.1.13 EU: Power flow Rising EAge DeteCtioN ... i e 60
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5.2 Main Control INSTIUCHION ... ... ettt e e e e ettt e e e e e e ettt e e e e e e e anbeeeeeaeeeaannnseeeeaeaeaansaeneaaaaaeaannns 62
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5.2.2 MCR: Main COoNtrol REMOVE ......cooiiiiiitiiiie ettt e ettt e e e e ettt e e e e e e e e nebeeeeaaeeeaannbneeeaaeeesannneeas 63
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5.3.1 STL: SFC State Load INSIIUCLION ..........uviiiiie et e e e et e e e e e s e s st e e e e e e e e s nnnneees 64
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5.4.1 TON: On-Delay Timing Instruction
5.4.2 TONR: On-Delay Remember Timing INSrUCON.............oiiiiiiiii e 66
5.4.3 TOF: Off-Delay Timing INSIIUCON ......couiiiiiiiie et e 66
5.4.4 TMON: Monostable Timing INSTIUCHION. ..........uiiiiii e 67
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5.5.1 CTU: 16-Bit Counter Counting Up INSTIUCHION .........oiiiiiiieiiie e e 67
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5.1 Contact Logic Instructions

5.1.1 LD: NO Contact Power-Flow Loading

[}
L

Applicable to IVC2 IVC1

Influenced flag bit

Program steps 1

Operand| Type

Offset

Applicable el t
pplicable elements addressing

S | BOOL X|Y|M|S|LM|SM| | |

el 71 |

Operand description
S: Source operand
Function description

Connected to the left bus to connect
(status: ON) or disconnect (status:
OFF) the power flow.

5.1.2 LDI: NC Contact Power-Flow Loading

Example

| -'"'":' 2 5 LD Mo
OouT YO

When MO is ON, YO0 is ON.

Note:

For the contact logic instructions of IVC1 series, when the
operands are M1536 ~ M2047, the actual program steps will be
the instruction program steps plus 1.

LAD:
Applicable to IVvC2 IVC1
LDI
——L,"]—(: J Influenced flag bit
IL: LDI (S) Program steps 1
. Offset
Operand | Type Applicable elements addressing
S BOOL | X | Y | M | S | LM | SM | | | | C | T | |

Operand description Example
S: Source operand Mo 1

- LDI MO
Function description OUT YO

Connected to the left bus to connect
(status: OFF) or disconnect (status:
ON) the power flow.

When MO is OFF, YO is ON.
Note:
For the contact logic instructions of IVC1 series, when the

operands are M1536 ~ M2047, the actual program steps will be
the instruction program steps plus 1.
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5.1.3 AND: NO Contact Power-Flow And

LAD: Applicable to IVC2 IVC1
AND
-------- e Influenced flag bit
f ] ]
IL: AND (S) Program steps 1
Operand | Type Applicable elements ad((j)rfefkss:ng
S BOOL| X | Y | M | S | LM | SM | | | | C | T | |
Operand description Example
S: Source operand | o n 10 LD Mo
Function description | i i < G AND M1
OUT YO
After conducting the “and” operation on the
ON/OFF status of the designated contact (S) and . ) .
the current power flow, assign the value to the When MO is ON and M1 is ON, YO is ON.
current power flow.
5.1.4 ANI: NC Contact Power-Flow And
LAD: Applicable to IvC2 IvC1
ANI
———————— / Influenced flag bit
: 4 )
IL: ANI (S) Program steps 1
Operand | Type Applicable elements adc(j)r:ss:ng
S [BOOL| X | Y [ M | S [ LM ] SM ] | | | ¢ | T ] |
Operand description Example
S: Source operand o n 0 LD Mo
Function description I = £ 3 ANl M1
OUT YO
After reversing the ON/OFF status of the ] ]
designated contact (S), conduct “and” operation When MO is ON and M1 is OFF, YO outputs ON.

on the reversed result and the current power flow,

and then assign the value to the current power
flow.
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5.1.5 OR: NO Contact Power-Flow Or
LAD: Applicable to IVvC2 IVC1
Influenced flag bit
IL: OR (S) Program steps 1
Operand | Type Applicable elements Offset
P e PP addressing
S BOOL| X | Y | M | S | LM | SM | | | | C | T |
Operand description Example
S: Source operand u] 1o
. - -
Function description LD Mo
N _ M1 OR M1
Atfter conducting “OR” operation on the ON/OFF E— OUT YO
status of the designated contact (S) and the . .
gnares ($) When MO or M1 is ON, YO is ON.
current power flow, assign the value to the
current power flow.
5.1.6 ORI: NC Contact Power-Flow Or
LAD: Applicable to IVvC2 IVC1
| I { 2
‘ 777777 ‘ Influenced flag bit
-
\ ORI
IL: ORI (S) Program steps 1
) Offset
Operand | Type Applicable elements addressing
S BOOL| X | Y | M | S | LM | SM | | | | C | T |
Operand description Example
S: Source operand ni 0
LD MO
Function description e ORI M2
After reversing the ON/OFF status of the Mz OuT YO

designated contact (S), conduct “OR” operation on
the reversed result and the current power flow, and
then assign the value to the current power flow.

When M1 is ON or M2 is OFF, YO is ON.

IVC Series Small PLC Programming Manual




58 Chapter 5  Basic Instructions

5.1.7 OUT: Power-Flow Output

LAD: Applicable to IVC2 IVC1
OUT
—- A Influenced flag bit
—C D
IL: OUT (S) Program steps 1
Offset
Operand | Type Applicable elements addresszing
S BOOL| X [ Y [ M [ § [ LM [ SM | | | | ¢ | 7] |
Operand description Example

S: Source operand

M o LD M1
Function description I_-_(
P - OUT YO

Assllgn the vallue of the current power flow to the When M1 is ON, YO is ON.
designated coil (D)

5.1.8 ANB: Power-Flow Block And

LAD: Applicable to IvC2 IvC1
/ANB
| 1 < O
Influenced flag bit
JH— L
Power flow Power flow
block 1 block 2
IL: ANB (S) Program steps 1
Operand Type Applicable elements Offset
P e PP addressing
S BOOL [X] Y [ M | S [ LM | SM | | | | ¢ | 7] |
Operand description Example
S: Source operand LD MO
Function d ioti il nz 10 OR M1
unction description - - s - :} LD M2
Conduct “and” m s OR M3
operation on the power E— S ANB
flow values of two ouT Y0
power flow blocks, and When MO or M1 is on, and M2 or M3 is ON, YO is ON.

then assign the value to
the current power flow.
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5.1.9 ORB: Power-Flow Block Or
LAD:
Power flow block 1 Applicable to IVC2 IVC1
//—/_,’ 1 ‘# r }
M LI LI L9
T —
~ P — ORB Influenced flag bit
Powe; %I;J;block 2
IL: ORB (S) Program steps 1
Offset
(0] d T Applicable el t
perand| Type pplicable elements addressing
S [BOOL| X | Y [ M | S [ LM ] sM | | | | ¢ | T | |
Operand description Example
S: Source operand LD M1
. o M1 Mz 0o AND M2
Function description -
Conduct “or” operation on the s m4 AND M4
power flow values of two power A — ORB
OuUT YO

5.1.10

flow blocks, and then assign the

value to the current power flow.

When both M1 and M2 are ON, or b

oth M3 and M4 are ON, YO

outputs ON.

MPS: Output Power-Flow Input Stack
LAD: Applicable to IVC2 IVC1

/MPS

| —— | { 2
c 3 Influenced flag bit

— — D
IL: MPS Program steps 1
Function description Note:

Push the current power flow value
into the stack for storage, so that it

can be used in the power flow
calculation for the subsequent
output branches.

otherwise the power flow output sta

It is prohibited to use the MPS instruction consecutively for over 8
times in a LAD program (with no MPP instruction in between),

ck may overflow.
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5.1.11 MRD: Read Output Power-Flow Stack Top Value

LAD:
| 2
i | g 1
MRD - 3

Applicable to IVvC2 IVC1

Influenced flag bit

IL: MRD

Program steps 1

Function description

Assign the top value of the power flow output stack to the current power flow.

5.1.12 MPP: Output Power-Flow Stack Pop Off

LAD:
i 2
i | s 1
i a

MPP

Applicable to IVvC2 IVC1

Influenced flag bit

IL: MPP Program steps 1
Function description Example
Pop the power flow output stack, and LD MO
. MPS
assign the popped value to the current
powgr flowp i s s : o AND M1
' i i c2 ouT Y0
nz 11 MRD
- — = AND M2
M yo ouT Y1
MPP
3 AND M3
ouT Y2
5.1.13 EU: Power flow Rising Edge Detection
LAD: Applicable to IVC2 IVC1
| EU -
} Y ¢ 3 Influenced flag bit
IL: EU Program steps 2
Function description Example
Compare the current power flow status
with its previous status. If the power flow O o :;?J MO
rises (OFF—ON), the output is valid in the I—-—‘ﬂ—[ SET 10 ] SET YO

current scan cycle.
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5.1.14 ED: Power flow Falling edge Detection

LAD: Applicable to IVC2 IvC1
} liDl b 3 Influenced flag bit
IL: ED Program steps 2
Function description Sequence chart of example
Compare the current power flow status
with its previous status. If the power flow ON
falls (OFF—~ON), the output is valid in the D OFF
current scan cycle. ON
OFF
Example "
LD M2 N
MPS Y3 OFF
| l.'.:l L ™ EU
I = - OUTY2 Note
MPP
| — &l £ T ED In LAD program, the rising edge contact or falling edge contact
OuUT Y3 instruction shall be used in series rather than in parallel

connection with other contact elements.

. In LAD program, the rising edge contact and falling edge
1. In two consecutive scan cycles, the contact instruction cannot directly connect to the left power

status of M2 contact is OFF and ON
respectively. When the EU instruction
detects a rising edge, Y2 will output ON
status with the width of a scan cycle.

flow bus.

program are shown as follows:

The examples of improper use of EU/ED instructions in LAD

2. In two consecutive scan cycles, the ':l—|"|:I

status of M2 contact is ON and OFF " I>T(_‘ | IZ<- . ¥z ,
respectively, when the ED instruction "

detects a trailing edge, Y3 will output ON + 3

status with the width of a scan cycle. )fj_(

5.1.15 INV: Power-Flow Block Inverse

LAD: Applicable to IVC2 IVC1
N Influenced flag bit
INV
| '
IL: INV Program steps 1

Function description

Reverse the current power flow value and then assign to the current power flow.

Note:

In LAD program, the INV instruction shall be used in series rather than in parallel connection with contacts.
INV cannot be used as the first instruction in the input parallel branch.

In LAD program, the INV instruction cannot directly connect to the left power flow bus.

The examples of improper use of INV instructions in LAD program are shown as follows:

Mk Wi

| X o : ,
T T
i | ?
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5.1.16 SET: Set
LAD: Applicable to IVC2 IvVC1
|—| —T{ SET W ] Influenced flag bit
IL: SET (S) Program steps 1
) Offset
Operand | Type Applicable elements addressing
S BOOL | Y[ M ] s [IM]sM] | | | ¢ | T |
Operand description Example
S: Source operand M ) LD MO
SEL M ] SET M1
Function description
When the power flow is valid, the bit
element designated by D will be set.
5.1.17 RST: Reset
LAD: Applicable to IvC2 IvC1
e = T e w'"— Influenced flag bit
IL: RST (S) Program steps 1
Operand | Type Applicable elements Offset
P P PP addressing
S BOOL | Y[ M ] S [ M]SsM] | | | ¢ | 7]
Operand description Example
S: Source operand
P Mo OFF LD Mo
RST M RST M1

Function description

When the power flow is valid, the
designated bit element (D) will be reset

5.1.18 NOP: No Operation

Note

If D is C element, the corresponding count value will be reset; if
D is T element, the corresponding timing value will be reset.

LAD: Applicable to IVvC2 IVC1
|—| —{ NOP ] Influenced flag bit
IL: NOP Program steps 1

Function description

This instruction does not enable any action.

5.2 Main Control Instruction

5.2.1 MC: Main Contorl

Note

In LAD program, this instruction cannot directly connect to the
left power flow bus.

LAD: Applicable to IVvC2 IvCi1

|—| F——TI MC ¢S) 1 Influenced flag bit

IL: MC (S) Program steps 3

Operand | Type Applicable elements addorzsszting
S INT Constantl I | I I | | |

Operand description

S: Source operand
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5.2.2 MCR: Main Control Remove
LAD: Applicable to IVC2 IVC1
F————1 mMer 5 1 Influenced flag bit
IL: MCR (S) Program steps 1
) Offset
Operand | Type Applicable elements addressing
S |WNjconstant [ [ [ [ [ [ | | [ [ |

Operand description
S: Source operand
Function description

1. MC and MCR form a MC-MCR structure. The MC instruction
indicates the beginning a MC-MCR structure, and its operand S
is the SN of the MC-MCR structure. The value of S is a constant
ranging from 0 to 7. MCR indicates the end of the MC-MCR
structure.

2. When the power flow before the MC instruction is valid, the
instructions in the MC-MCR structure will be executed.

3. When the power flow before the MC instruction is invalid, the
program will skip over the instructions in the MC-MCR structure
and execute the instructions after the structure. Besides, the
destination operands of instructions OUT, TON, TOF, PWM,
HCNT, PLSY,PLSR, DHSCS, SPD, DHSCI, DHSCR, DHSZ,
DHST, DHSP and BOUT in the structure will be cleared.

Example
[
F—ub— ] LK LD MO
— ] MC 0
I 3 LD SMO
OuUT YO
ik [} ] MCR 0

When MO = ON, the instructions in the MC 0 - MCR 0 structure
will be executed, and YO = ON. When MO = OFF, the
instructions in the MC 0 - MCR 0 structure will not be executed,
and the bit element YO designated by the designation operand
of the OUT instruction in the structure will be cleared, YO = OFF.

Note

1. In LAD program, the MCR instruction must
directly connect to the left power flow bus.

2. In LAD program, the MCR instruction cannot
connect to other instructions.

3. Several MC-MCR structures of different SNs
can be used through the nest structure, but the
number of nest levels cannot exceed 7. The
MC-MCR structures with the same SN cannot
be used in the nest structure.

4. Crossing of two MC-MCR structures is not
allowed. The following is an illegal example.

— —1 1
M} M7

M) '“m:_:u >

[ wr 2 1

/' \

Note: It cannot be used in SFC programming.
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5.3 SFC Instructions

5.3.1

STL: SFC State Load Instruction

LAD: Applicable to IVvC2 IvC1
I—(-:H-}— Influenced flag bit
IL: STL (S) Program steps 3
Offset
Operand | Type Applicable elements addresszing

S BOOL | | | | |s|

Operand description
S : Source operand
Function description

1. It indicates the beginning of a step (S).

2. If a step is valid (ON), its embedded instructions
will be executed.

3. If a step changes from ON to OFF (trailing edge),
the embedded instructions will not be executed, and
the destination operands of the embedded

5.3.2 SET Sxx: SFC State Shift

instructions such as OUT, TON, TOF, PWM, HCNT,
PLSY, PLSR, DHSCS, SPD, DHSCI, DHSCR,
DHSZ, DHST, DHSP and BOUT will be cleared.

4. If a step is invalid (OFF), the embedded
instructions will not be executed.

5. Consecutive STL instructions (serial connection
of S elements) define a parallel merge structure.
The STL instructions can be used up to 16 times in
a row (the maximum number of branches of a
parallel branch structure is 16).

LAD: Applicable to IvC2 IvC1
BTt —H—%FI i Influenced flag bit
IL: SET (D) Program steps 3
Offset
O d| T Applicable el t
peran ype pplicable elements addressing

D BOOL | |

[ S |

Operand description

D: Destination operand

5.3.3 OUT Sxx: SFC State Jump

Function description

When the power flow is valid, the designated step (D) will
be set valid, and the current valid step will be set invalid, to
complete the step transition.

LAD: Applicable to IVvC2 IvC1

- = — - - T Influenced flag bit

IL: OUT (D) Program steps 3

Operand | Type Applicable elements Offse?
addressing

D BOOL | |

[ s |

Operand description

D: Destination operand

Function description

When the power flow is valid, the designated step (D) will
be set valid, and the current valid step will be set invalid, to
complete the step jump.
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5.3.4 RST Sxx: SFC State Reset

LAD: Applicable to IVvC2 IVC1
I—( >—— —IRST &) 1 Influenced flag bit
IL: RST (D) Program steps 3
) Offset
Operand | Type Applicable elements addressing
b [goo) [ [ [ [ s [ [ [ [ [ [ |
Operand description Function description
D: Destination operand When the current power flow is valid, the designated step
(D) will be set invalid.
5.3.5 RET: SFC Program End
LAD: Applicable to IVC2 IvC1
{ FERET ] Influenced flag bit
IL: RET Program steps 1
Function description Note
It indicates the end of a SFC program section. It can only be used in the main program.
5.4 Timer Instruction
5.4.1 TON: On-Delay Timing Instruction
LAD: Applicable to IVC2 IVC1
- — s ; — Influenced flag bit
IL: TON (D) (S) Program steps 5
. Offset
Operand | Type Applicable elements addressing
D INT T
S INT | Constant | KnX | KnY | KnM | KnS |KnLM |KnSM| D SD c T v z v
Operand description Example
D: Destination operand Ul 32787 LD Mo
P - Ty T 4 1 ToN T1 4
S: Source operand 1 10
LD T1
. s ——— .
Function description OUT YO
1. When the power flow is valid, and the timing Time sequence chart
value < 32,767, the designated T element (D)
will start timing (the value will increase with the
lapse of time). When the timing value reaches
ON ON

32,767, it will maintain at 32,767. —_—

2. When the timing value > the preset value (S), MO TR OFF !

the timing coil output of the designated T 10.3s! '04s"ON

element will be ON. i i OFF i T1 = 32767 (max )
. I . T1 timing coil 1 ! —=— :

3. When the power flow is OFF, the timing will 3 |

stop, the timing value will be cleared, and the ! Ti=3 - =4

timing coil output will be OFF, T1 timing value —

T=0
4. When the system executes the instruction for

the first time, it will reset the timing coil of the
designated T element, and clear the timing
value.
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5.4.2 TONR: On-Delay Remember Timing Instruction

timing coil and the timing value will maintain the current T1 timing value —=—7
value.
5.4.3 TOF: Off-Delay Timing Instruction
LAD: Applicable to IvC2 IvC1
ST g /&47/ P ﬁ Influenced flag bit
IL: TOF (D) (S) Program steps 5
Offset
(0] d| T Applicable el t
peran ype pplicable elements addressing
D INT T
S INT |Constant|KnX| KnY | KnM | KnS | KnLM | KnSM D SD C T \Y z N
Operand description Example
D: destination operand "o 5 LD MO
—— —{ TOF TI 5
S: Source operand TOF Tt 5
T1 Yo LD T1
Function description — 2 OUT YO

3. When the power flow is OFF, the timing will stop, the

LAD: Applicable to IVC2 IvC1
Bl e i Influenced flag bit
IL: TONR (D) Program steps 5
Operand | Type Applicable elements ad((j)rfefkss:ng

D INT T

S INT [Constant| KnX| KnY | KnM | KnS | KnLM | KnSM D SD C T V z N
Operand description Example
D: Destination operand o 32767 LD Mo

. TOHE T1 5 1 TONR T1 5
S: Source operand
Ti 10 LD T1
Function description - OUT YO
1. When the power flow is valid, and the timing value Time sequence chart
<32,767, the designated T element (D) start timing (the
value will increase with the lapse of time). When the ON ON
timing value reaches 32,767, it will maintain at 32,767. MO OFF
2. When the timing value 2 the preset value (S), the oy < ON
timing coil output of the designated T element will be | oFf | | T1 = 32767 (max.)
T1 timing coil i iy ’
ON. | |
T8 s

1. When the power flow changes from ON to OFF
(trailing edge), the designated timer T (D) will start timing.
2. When the power flow is OFF, if the designated timer T
has started timing, it will keep timing until the timing value
reaches the preset value (S). The timing coil output of the
T element will be OFF, and the timing value will maintain
at the preset value.

3. When the power flow input is OFF, if the timing has not
started, the timing will not start.

4. When the power flow is ON, the timing will stop, the
timing value will be cleared, and the timing coil output is
ON.

Sequence chart of example

MO

OFF|
T1 timing coil

T1 timing value.

ON ON
OFF OFF
ON ON
OFF
Q05s
T1=5
T1=0 T1=0
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5.4.4 TMON: Monostable Timing Instruction

LAD: Applicable to IVvC2 IVC1

le g5 e [l %) THOR ]

Influenced flag bit

IL: TMON (D) (S) Program steps 5
Operand | Type Applicable elements adfj)rfefsszting
D INT T
S INT [Constant| KnX| KnY | KnM | KnS | KnLM | KnSM D SD C T \% z N
Operand description Example
D: Destination operand i OFF LD MO
S: Source operand L mow TMON T1 5
T - 10 LD T1
Function description — ’ OUT YO
1. When the input power flow changes from OFF to ON Sequence chart of example
(rising edge), and the timing has not started, the
designated timer T (D) will start timing based on the current ON ON
value. In the timing status (whose length is determined by OFF
S), the timing coil output will maintain ON. MO— —
2. In the timing status (whose length is determined by S), 1 ON
no matter how the power flow changes, the timing will keep T1 timing coil 2FF OFF |
going, and the timing coil output will keep ON. D 05s Tieg 05 |
- . | = 1 T1=
3. When the timing value reaches the preset point, the P /]_ °
. . _— . T1 timing value —— —
timing will stop, the timing value will be cleared, and the T1=0 T1=0
timing coil output will be set OFF.
5.5 Counter Instruction
5.5.1 CTU: 16-Bit Counter Counting Up Instruction
LAD: Applicable to IVvC2 IVC1
[ - . o Influenced flag bit
IL: CTU (D) (S) Program steps 5
Operand | Type Applicable elements addorzsszting
D INT C
S INT |[Constant| KnX | KnY | KnM | KnS | KnLM | KnSM D SD C T \% z N
Operand description Example
D: destination operand Mo 3 LD Mo
_ (o ¥ ctu co 3
S: Source operand 0 Yo LD CO
Function description - OUT YO
1. When the power flow changes from OFF to ON (rising Time sequence chart
edge), the 16-bit counter C (D) will count 1. oN oN

2. When the counting value reaches 32,767, it will maintain m_
that value. Mo@m

3. When the counting value is larger than or equal to the | ON
preset point (S), the counting coil will be set ON. C0 counting coil OFF
Note
_4 lco=p |CO=3
; Co=1
The address range of the 16-bit counter C (D): CO ~ C199. C0=0

CO0 counting value
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5.5.2 CTR: 16-Bit Counter Loop Cycle Counting Instruction

LAD: Applicable to IVvC2 IVC1
Ly - Influenced flag bit

IL: CTR (D) (S) Program steps 5

. Offset
Operand | Type Applicable elements addressing

D INT C
S INT |[Constant| KnX| KnY | KnM | KnS | KnLM | KnSM D SD C T V z N
Operand description Example
D: destination operand n 1
S: Source operand | — CIkE 0 3 ]
Function description LD Mo
o CTR CO0 3
1. When the power flow changes from OFF to ON (rising )
edge), the 16-bit counter C (D) will count 1. Time sequence chart
2. When the counting value is equal to the preset point
(S), the counting coil will be set ON.
3. After the counting value reaches the preset point (S), if ON ON ON ON ON ON
the power flow changes frorT1 OFF to ON again (rising CE OFF r
edge), the counting value will be set to 1, and the Mo oN
counting coil will be set OFF. ON
. ) OFF OFF

Note CO0 counting coil
1. When the preset counting value (S) is less than or o=0/C0=1 co=2 | —£0=3 Comq LCO=2 1 C0=3

equal to 0, there will be no counting.
2. The address of the 16-bit counter C (D) shall be within
C0 ~ C199.

CO0 counting value =
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5.5.3 DCNT: 32-Bit Counting Instruction
LAD: Applicable to IVC2 IvC1
I {5 DM i {1 1 Influenced flag bit
IL: DCNT (D) (S) Program steps 7
) Offset

Operand | Type Applicable elements addressing

D DINT C

S DINT |Constant| KnX| KnY | KnM | KnS | KnLM |KnSM| D SD C T \Y 4 N
Operand description Example
D: destination operand o o 3 LD Mo

[ DCHT C235 10 ] DCNT C235 DO

S: Source operand
Function description

1. When the input power flow changes from OFF to
ON (rising edge), the 32-bit counter C (D) will count
up or down 1 (depending on the corresponding SM
flag bit).

2. For a up counter, when the counting value is larger
than or equal to the preset point (S), the counting coil
will be set ON.

3. For a down counter, when the counting value is
less than or equal to the preset point (S), the
counting coil will be set OFF.

4. When the counting value is 2147483647, it will
change to —2147483648 if the counter counts up
once more.

5. When the counting value is -2147483648, it will
change to 2147483647 if the counter counts down
once more.

Note

The address of the C element (D) shall be within
C200 ~ C235.

Time sequence chart

D0=3
DO
ON
OFF Switch to down counting
SM235
ON ON ON ON ON ON ON
o[ L[ L Le=[ LI LI
MO !
' _ON
c235 OFF OFF
counting coil
C235=3
_,1C235=2
C235 counting €235=0 23571 C235=2
value C235=1

C235=0 Coa5--1
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Chapter 6 Application Instructions

This chapter introduces the application instructions of IVC series small PLC, including the formats, operands,
influenced flag bit, functions, examples and time sequence charts of the instructions.

6.1 Program FIOW CONntrol INSTIUCHION ... ...viiiiii ettt e e e e e e e e e e e e e e e e e s e s st s eeeeaeeesaessnsreaeeesannnes 75
6.1.1 FOR: CyCle INSIIUCTION ...ttt ettt e e e et e e e e e e e et e e e e e e e e e s nnteeeeaaeeeaannbneeeaaeeeannsnneean 75
6.1.2 NEXT: REtUIN FrOmM CYCI ...ttt ettt e ettt e e e e e et e e e e e e e e s nnbeeeeeaeeeaannnneeas 75
6.1.3 LBL: JUMP Label DEFINILION ... uuuuiiiiiiiiiiiiiiiiiiiiieiitieitie ettt etsssssesssssestssstssssssssnsnsnsssnsnsnnnsnsnsnnnnnn 76
(ST I O 0T a T [T o= N0 U Ty o P OPPPPPPNS 77
6.1.5 CFEND: Conditional End From User Main Program .............ooiiiiiiiiiiiiiiiee et e e e e e e snsbaneeea e e e sennnneees 77
6.1.6 WDT: User Program WatChdOg RESET...........cooiuiiiiiiiii ettt e e e e e e e e s ennnees 78
6.1.7 El: Enable INterrupt INSIIUCHION ......cooieiiieieee et et e e e e e e e e e e e e st ae e e e e e e e s enreees 78
6.1.8 DI: Disable INterrupt INSIFUCHION ..........uuiiiiiiiiiii e e s aebaestsssessssssssssssssssnsnsnsnsnsnsnnnnnn 78
6.1.9 CIRET: Conditional Return From User Interrupt Subprogram.............ccooiiiiiiiie e 78
6.1.10 STOP: USEI Program STOP ......ceiiiiiiiiiiiieee ettt e e e e ettt e e e e e ettt e ee e e e e e e e nebeeeeaaeeaaannbeeeeaaeeeaannneeas 78
6.1.11 CALL: Calling A SUDPIOGIam .......coiiiiiiiiiie ettt e e e et et e e e s ettt e e e e e s e s sntbeeeeaeeeesnnssaaeeeaeeesansnnees 79
6.1.12 CSRET: Conditional Return From User SUDPrOGIram...........ccuiiiiiiiiiiiiieeeeeeiiiiee e e e e e s e e e e e e e seeraeeeea e s e sennnneees 79

6.2 Data TranSMISSION INSTTUCTION.........couiiiiiiii ettt b et e et e sttt e e sb et e e e s b et e e et e e e s nae e e e anbeeesanteeeennnees 80
6.2.1 MOV: Move Word Data Transmission INSTIUCHON ..........coooiiiiiiiiii e 80
6.2.2 DMOV: Move Double Word Data Transmission INStruCtion ..............cceeeiiiiiiiniiiicee e 80
6.2.3 RMOV: Move Floating Point Number Data TranSmiSSIiON ............oiuiiiiiiiiiiiiiee e 81
6.2.4 BMOV: Move Data Block Transmission INStrUCHON ..........occviiiiiiiiiiiiiiee e 81
6.2.5 FMOV: Fill Data BIOCK INSITUCHION .......ciuiiiiiiiiie ettt ettt sttt e e ettt et e e e bt e e et e e e nes 82
6.2.6 DFMOV: Fill Data Block Double Word INSTIUCHON..........cuiiiiiiiiiiii et 82
(I S T e = To I = (=TSO PPPR 83
(SRR S (0 o B = (e g F= T o L= AT o o PSSR 83
6.2.9 DXCH: Exchange Double Word INSTIUCHON ............ooiiiiiiiie e e e e 84
6.2.10 PUSH: PUSKH INSTIUCHION ......iiiiiitit ettt bbbttt ettt e b e et e e ne e e s 84
6.2.11 FIFO: First-In-First=-OUt INSTrUCHON .........oiiiiiiiiiiiii et e et nes 85
6.2.12 LIFO: Last-In-First-OuUt INSTIUCHION .........oiiiiiiieiiiii ettt st e e e e e e 86
6.2.13 WSFR: Shift Right Word INStrUCON..........coouiiiii e e 87
6.2.14 WSFL: Shift Left WOrd INSTTUCTION ........eeiiiiiiiee et e e 88

6.3 INteger Math INSTIUCHIONS. ... ... ettt oo e ettt e e e e e e et et e e e e e s mnbaeeeeaeeeaantneneeeeeeeaannns 89
6.3.1 ADD: Add INteger INSTIUCHION .....cooiiiiieieee ettt e e e e e e e e e e e e e st ee e e e e e e e enneeeas 89
6.3.2 SUB: Subtract Integer INSTIUCHION .........c..iiiiiiee ettt e e e e et e e e e e e snneeeeeneeeeeenees 89
6.3.3 MUL: Multiply INt€ger INSITUCHION ......cooiiiiieiitiee ettt et e b e e e et e e nees 90
6.3.4 DIV: Divide INteger INSIIUCHION .........uiiiiiiiie ittt e et e e e 90
6.3.5 SQT: Square RoOot INteger INSITUCHIONS .......ouuiiiiiiii e 91
6.3.6 INC: Increment Integer INSTTUCHION ..........eiiiiee e e e e et e e e e e e s e e e e neeeeeenes 9
6.3.7 DEC: Decrement INteger INSTIUCHON ........cooiiiiiiieie et e et e e e e e e e e e ennes 92
6.3.8 VABS: Integer Absolute Value INSrUCHON.........cooouiiieiiiee et e e e e e e e e e enees 92
6.3.9 NEG: Negative Integer INSIUCION ........ueiiiiiie e e 93
6.3.10 DADD: Add Double Integer INSIFUCHION .........eiiiiiiii it 93
6.3.11 DSUB: Subtract Double Integer INSIrUCLION...........coiiiiiiiii e e 94
6.3.12 DMUL: Multiply Double Integer INStrUCON...........uiiiiiiiie e 94
6.3.13 DDIV: Divide Double Integer INSTFUCLION ...........eeiiiiiieee e e 95
6.3.14 DSQT: Square Root Double Integer INSTrUCION.............oiiiiiiiiiic e 95
6.3.15 DINC: Increment Double Integer INStrUCLION ............ociiiiiiiiie e e 96
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6.3.16 DDEC: Decrement Double Integer INStrUCHION ...........ooi i 96
6.3.17 DVABS: Double Integer Absolute Value INStrUCHION............c.uuviiiiii e 97
6.3.18 DNEG: Negative Double Integer INStrUCHON............uuiiiiiiiiee et e e e e e e e e 97
6.3.19 SUM: SUM INtEGET INSTIUCHION ......eiiiiiiiieeeeee et et e e e et e e e e e e st e e e e e e e s sesnnsaeeaeaeaases 98
6.3.20 DSUM: Sum Double Integer INSTrUCHION .........ooii ettt e e e e e e e e e e e e eennes 99
6.4 Floating-Point Number Math INSTrUCHION ..........oei et e e e e e e e e e 99
6.4.1 RADD: Add Floating Point Number INStrUCHION ............oiiiiii e 99
6.4.2 RSUB: Subtract Floating Point Number INStruCtion..............eiiiiii e 100
6.4.3 RMUL: Multiply Floating Point NUmMber INStrUCHON. ..........ooiiiiiiiiie et 100
6.4.4 RDIV: Divide Floating Point NUmMber INStrUCHON ..........ocoiiiiiiiiiiee e 101
6.4.5 RSQT: Square Root Floating Point Number INStruction...............oooiiiiiiiiiii e 101
6.4.6 RVABS: Floating Point Number Absolute Value INStruction ... 102
6.4.7 RNEG: Negative Floating Point Number INStrUCtON ..........ceeeiiiiii e 102
6.4.8 SIN: Floating Point Number Sin INStrUCHION ...........eeei e 103
6.4.9 COS: Floating Point Number COS INSTIUCHON ..........ooiiiiiiiiiiiiiie et e e e e e e e 103
6.4.10 TAN: Floating Point Number TAN INSTrUCHON...........oiiiiiiiiiiee e e e e e 104
6.4.11 POWER: Floating Point Number Exponentiation INStruction................cooeiiiiiiiiiiiii e 104
6.4.12 LN: Floating Point Number LN INSTrUCLION ... e 105
6.4.13 EXP: Floating Point Number EXP INStrUCHION...........ooiiiiiie e 105
6.4.14 RSUM: Sum Floating Point Number INStruCHiOoN ...........ooiiiiie e 106
6.5 Data Converting INSTIUCHION ... ettt e ettt e e e e e e ettt e e e e e e e e e be et e e e e e e aanntaneeeeeaeannnneeeas 106
6.5.1 DTI: Double Integer To INteger INSIrUCHON .........ooiiiiiiiee e e e e e e s e e e e e e e eaes 106
6.5.2 ITD: Integer To Double Integer INSIrUCHON .........coouiiiiiee e rrre e e e e e e 107
6.5.3 FLT: Integer To Floating Point NUMDber INStrUCHION ..........ooiiiiiiiiei it 107
6.5.4 DFLT: Double Integer To Floating Point Number INStruction ... 107
6.5.5 INT: Floating Point Number To Integer INStrUCON .........oooiiiii e 108
6.5.6 DINT: Floating Point Number To Double Integer INnStruction ..............c..ueiiiiiiiiii e 108
6.5.7 BCD: Word To 16-Bit BCD INSIFUCTION .......eiiiiiiiiieiiiiee ettt e e 109
6.5.8 DBCD: Double Word To 32-Bit BCD INSTUCHION .......coiiiiiiiiiiiieeciice et 109
6.5.9 BIN: 16-Bit BCD TO WOrd INSIrUCHON ........eiiiiiiiiie ettt s e e as 110
6.5.10 DBIN: 32-Bit BCD To Double Word INSTrUCHION .........coouiiiiiiiiieie e 110
6.5.11 GRY: Word To 16-bit Gray Code INSTTUCHION ...........oiiiiiie e e e eeeees 111
6.5.12 DGRY: Double Word To 32-Bit Gray Code INStrUCHON ..........coeiiiiiiiiiie e 111
6.5.13 GBIN: 16-Bit Gray Code To Word INSTHUCHION .........ooiiiiiie e 112
6.5.14 DGBIN: 32-Bit Gray Code To Double Word INStruCtion ............ccceiiiiiiiiii e 112
6.5.15 SEGI: Word TO 7-S€gMENt ENCOTE .........uiiiiiiiiiiiiiii ettt e bbb e e as 113
6.5.16 ASC: ASCII Code Conversion INSIIUCHON ........ccoiiiiiiiiiii e 113
6.5.17 ITA: Hexadecimal Integer-ASCIl Conversion INStrUCON ...........ccuoiiiiiire i 114
6.5.18 ATI: ASClI-Hexadecimal Integer Conversion INStrUCON............ccueiiiiiiire e 115
(S G A Lo o N o 1w @ o =T = 1o o USRS 115
6.6.1 WAND: AND WOrd INSTIUCHION .....ceiiiiiiiiiiiie ettt et sa e e e e e bt e e s e e e e nneeeas 115
6.6.2 WOR: OR WOTd INSTIUCHION ...ttt st e e e ettt e e e e e snne s 116
6.6.3 WXOR: EXCIUSIVE-OR WOrd INSTIUCHION ......coiitiiiiiiiiie ettt e e snee e 116
6.6.4 WINV: NOT WOrd INSTIUCTION ......eeiiiiiiie ittt e et e e s e e snee s 117
6.6.5 DWAND: AND Double WOrd INSTIUCHON. ..........uuiiiiiiie e 117
6.6.6 DWOR: OR Double Word INSTIUCHON ..........ciiiiiiiiiiiieiees ettt ettt eennne e 118
6.6.7 DWXOR: Exclusive-OR Double Word INSTrUCLION ...........cooiiiiiiiiiic e 118
6.6.8 DWINV: NOT Double Word INSrUCLION .........oiuiiiiiiiiie et 119
6.7 Shift / ROIALE INSITUCTION ....ceiiiiie ettt et e e e bt e s eab e e e s b e e e e st e e sste e e e naneee s 119
6.7.1 ROR: 16-Bit Circular Shift Right INSTrUCHION .........cociiiii e 119
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6.7.2 ROL: 16-Bit Circular Shift Left INSTrUCHON ...t 120
6.7.3 RCR: 16-Bit Carry Circular Shift Right INSTrUCtION...........cccuiiiiiii e 121
6.7.4 RCL: 16-Bit Carry Circular Shift Left INStrUCHON............ooiiiiie e 122
6.7.5 DROR: 32-Bit Circular Shift Right INSTrUCHON............oiiiiiiie e 122
6.7.6 DROL: 32-Bit Circular Shift Left INStruCtioN.............e et e e e 123
6.7.7 DRCR: 32-Bit Carry Circular Shift Right INStruCtON .............uii e 123
6.7.8 DRCL: 32-Bit Carry Circular Shift Left INStrUCON ..........ooi e 124
6.7.9 SHR: 16-Bit Shift Right Word INSTrUCHION ... e e e 124
6.7.10 SHL: 16-Bit Shift Left INSIrUCHON ...t e e e e s e e e e e e s ssbnseeeaeaesenns 125
6.7.11 DSHR: 32-Bit Shift Right INSTIUCHION .......coiiiiiiiiiiiiieee et e e e e e e e e e s e e e e e e e s enes 125
6.7.12 DSHL: 32-Bit Shift Left INSITUCHION ........eeiiiiiii et e e e e e e e e s e e e e e e e e enes 126
6.7.13 SFTR: Shift Right Byte INSIFUCLION ........ooiii e e e e e e 127
6.7.14 SFTL: Shift Left Byte INSIrUCHION ...t e et e e e e e e s nene e e e e e e e anes 128
6.8 External EQUIPMENT INSIIUCHION ......eiiieiiiiieiiiiiiie ettt ta et eeeaeeeasesasssssssssssessssessssssssssssssnsnsnsnsnsnsnsnnnnnnnns 129
6.8.1 FROM: Read Word Form Special Module Buffer Register InStruction ..............ccccooiiiiiiinieeeieee 129
6.8.2 DFROM: Read Double Word Form Special Module Buffer Register INStruction .............cccccoviiiiiieniiiiinenne 130
6.8.3 TO: Write Word To Special Module Buffer Register INStruCtion ..............oocuviiiiiiiiiiieee e 131
6.8.4 DTO: Write Double Word To Special Module Buffer Register Instruction ............cccccoiiiiiiiiiiis 132
6.8.5 VRRD: Read Analog Potentiometer Value INStruction ........... ..o 132
6.8.6 REFF: Set Input Filtering Constant INSTrUCHION...........oooi i 133
6.8.7 REF: Instant Refresh /O INSrUCHON ...ttt e e e e e e e e 133
6.8.8 EROMWR: EEPROM WIite INStrUCHON ... ..coitiiiiii ittt s ee e aee e seeeennee e 134
6.9 Real-Time ClIOCK INSIIUCLION .......oiiiiiiiiiiiiiii ettt e e e sttt e e e e e st e e e e e e e e sasbaeeeaaeeesassssaeaaeeesaansnseeaaeeeannnes 135
6.9.1 TRD: Read Real-Time CloCK INSIIUCHION ........cooiiiiiiiiee et e e e e e e s rae e e e e e e e enes 135
6.9.2 TWR: Write Real-Time CIOCK INSTIUCHION ..ot e e e e 136
6.9.3 TADD: Add CIOCK INSTIUCHION ......eeiiiiiieiie ettt et e e e e ettt e e e e e e e s nsbeeeeaeeeesannneeeeaaeeaanns 137
6.9.4 TSUB: Subtract CIOCK INSTIUCHION. ........cceiiii et e et e e et e e st e e e e snteeeesneeeesnaeeeeanneeeeans 138
6.9.5 HOUR: Timing LISt INSTIUCLION .....ooiiiiiiiiiiiiiiee ettt e e e e et e e e e e et beeeeeaeeesnsbaneeeaeeesnnnns 139
6.9.6 DCMP: Compare Date (=, <, >, <>, >=, <=) INSIUCHON .....ooviiiiiiiiiiiiiiee e 140
6.9.7 TCMP: Compare Time (=, <, >, <>, >=, <=) INSIUCHON .....ouviiiiiiiiiicie e 141
6.10 High-Speed 1/ INSIFUCHION. .......eiiiiiiieiiiiie ettt e e e ettt e e e e e st eeeeeeeesnsbaaeeaaeeesassssaeeaeeesaassnneeaaeesannnes 142
6.10.1 HCNT: High-speed Counter Drive INStrUCION ...........cuiiiiiiie e e e e 142
6.10.2 DHSCS: High-speed Counting Compare Set INSTrUCHON .........cuiiiiiiiiieiie e 143
6.10.3 DHSCI: High-speed Counting Compare Interrupt Trigger INStruction ............ccccoviiieiiiiee e 144
6.10.4 DHSCR: High-speed Counting Compare Reset INSTruCtion ............cccooiiiiiiiiiiii e 145
6.10.5 DHSZ: High-speed Counting Zone Compare INSTIUCHON .........c.uiiiiiiiiiiiiiie e 146
6.10.6 DHST: High-speed Counting Table Compare INSIrUCHION ...........cooiiiiiiiiiiie e 147
6.10.7 DHSP: High-speed Counting Table Compare Pulse Output Instruction..............cccccceiiiiiiniii e 149
6.10.8 SPD: Pulse Detection INSIUCON ...........eiiiiiie et e e e e e e s e e e sneeeeeens 151
6.10.9 PLSY: Count Pulse OUtput INStIUCHION .........ooiiiiieiiee e e e e e e e 152
6.10.10 PLSR: Count Pulse With Acceleration/Deceleration Output INStruction..............ccceeiiiiiiiii e 153
6.10.11 PLS: Pulse Output INStruction of ENVEIOPE .........coiiiiiiiiiiii et 155
6.10.12 PWM: Pulse OULPUL INSTIUCHION ..ot 156
6.11 Control CalCulation INSTFUCTION .........iiiiiiii ettt e e ettt e st e e s b e e e enbee e e nanees 157
6.11.1 PID: PID INSIIUCHION ...ttt ettt e e e e ettt e e e e e e e et e eee e e e e e annbeeeeeeeeesannbneeeeaeeeaannns 157
6.11.2 RAMP: Ramp Wave Signal Output INStrUCHION. .........ceiiiiiie e 160
6.11.3 HACKLE: Hackle Wave Signal Output INSTrUCHION ...........cuiiiiiiiie e 161
6.11.4 TRIANGLE: Triangle Wave Signal Output INSTrUCHION...........coiiiiiiiii e 162
6.12 CommMUNICAION INSTIUCTHION .......eiiiii ettt e ettt e st e e s b e e e eabe e e 164
6.12.1 Modbus: Modbus Master Station Communication INStruCtion ..............coooiiiiiiiiii e 164
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6.12.2 IVFWD: FREQUENCY CONVERTER Forward Rotation Instruction..............ccccciiiiiiiiii e 165
6.12.3 IVREV: FREQUENCY CONVERTER Reverse Rotation InsStruction ............cccoccvviiiiiiiiieeeee e 166
6.12.4 IVDFWD: FREQUENCY CONVERTER Touch Forward Rotation INStruction ............ccccoccceeiiniinineniieenn, 166
6.12.5 IVDREV: FREQUENCY CONVERTER Touch Reverse Rotation INStruction.............cccoccceeeiiiireiienenineenn. 167
6.12.6 IVSTOP: FREQUENCY CONVERTER Stop INStruCtion ..........ccccuiiiiiiiee e 167
6.12.7 IVFRQ: FREQUENCY CONVERTER Set Frequency INStruction ...........c.ceeeiiiiiiiiiiiiieec e 168
6.12.8 IVWRT: FREQUENCY CONVERTER Write Single Register Value Instruction ..............ccccoviiiviiiecninnenn. 169
6.12.9 IVRDST: FREQUENCY CONVERTER Read Status INStruction..............ccceveiiiiiiiciie e 170
6.12.10 IVRD: FREQUENCY CONVERTER Read Single Register Value Instruction ..............cccccceeiiiiiiieneeeninns 171
6.12.11 XMT: Free-Port Sending (XMT) INSTIUCHION...........uuiiiiiiiiiiiiiiee et e e e e e e e e e e e e e e e 172
6.12.12 RCV: Free-Port Receiving (RCV) INSITUCHON .........oiiiiiiiiiiiiiiee ettt ree e e e 173
6.13 Data CheCk INSIIUCHON ..ottt e e e ettt e e e e e ettt e e e e e e e an et eeaaeeeaannbneeeaeeeeannnneneas 174
6.13.1 CCITT: CheCK INSTIUCHION..... ...t ettt e e e e e ettt e e e e e e e s nbe e e e e e e e e sannnseeeaaaeaannes 174
6.13.2 CRC16: CheCk INSIIUCHION. ...t et e e e e ettt e e e e e e s abe e e e e e e e sannneneeaaeeaannes 175
6.13.3 LRC: CheCK INSIIUCTION ...ttt e et e e e e e e et e e e e e e e s nsbaeeeeaeeesnnsbsseeeeeeesaansssaneaeessnnnes 176
6.14 Enhanced Bit Processing INSTIUCHON ............uuiiiiii it e e e e e e e e et r e e e e s e sasbaeeeeaeeesansreeeas 177
6.14.1 ZRST: Batch Bit RESEt INSTIUCTION ........eeiiiiiiie it e e e e e e e e s are e e e e e e eenes 177
6.14.2 ZSET: Set Batch Bit INSrUCHON.......oo et e e e et e e e e e e s e e e e e e eenes 177
6.14.3 DECO: DeCOde INSIIUCHON ...ttt e ettt e e e e e ettt e e e e e e s nnbeeeeeaeeeaannnseeeaaaeaanns 178
6.14.4 ENCO: ENCOAE INSITUCTION ...ttt ettt e et e e e e e ettt e e e e e e s abe e e e e e e e e sannnseeeeeaeaanns 178
6.14.5 BITS: Counting ON Bit In Word INStrUCHON ..........eeiiiiee e e e 179
6.14.6 DBITS: Counting ON Bit In Double Word INSrUCON ............ooiiiiiiiiiiiieee e 179
(eI AT (o I @] g} ¢=Tox (o gl 0153 ( (U o1 [0 ) o VOSSP 180
6.15.1 BLD: Word Bit Contactor LD INSIrUCHION..........coiiiiiiiie ettt e e et e e e e e e s ebree e e e e e e e enes 180
6.15.2 BLDI: Word Bit Contactor LDI INSTrUCHON ..ot e e e e 180
6.15.3 BAND: Word Bit Contactor AND INSTIUCHION............eiiiiiiiee e e e e e 181
6.15.4 BANI: Word Bit Contactor AND INSTFUCHION ........eeeiiiiiee e e e e 181
6.15.5 BOR: Word Bit Contactor OR INSTIUCHON .........cciuiiiiiiee ettt e e e e e e e e s eabraeeeaeeeeenes 182
6.15.6 BORI: Word Bit Contactor ORI INSTIUCHON ...........uuviiiiiiieeciiiee et e e e e e e e e e e e e e e 182
6.15.7 BOUT: Word Bit Coil OUtPUt INSTIUCTION .......coiiiiiiiiie ettt e e e e s rere e e e e e e eaes 183
6.15.8 BSET: Word Bit Coil Set INSIIUCHON ..........iiiiiiiiiiiiiieee et e e e e e e e e e e s e e e e e e e e eenes 183
6.15.9 BRST: Word Bit Coil ReSet INSIrUCHON..........eiiieiiee e e e e neeees 183
6.16 Compare Contactor INSTIUCIHONS ..........oii i e e e e et e e e e e e e e aab e e e e e e e e e snnereeeas 184
6.16.1 Compare Integer LD (=, <, >, <>, >=, <=) INSHIUCIHONS ...eoiiiiiiiiiiiece e e 184
6.16.2 Compare Integer AND (=, <, >, <>, >=, <) INSTIUCHON ......vvviiiiii e 185
6.16.3 Compare Integer OR (=, <, >, <>, >=, <=) INSIUCHON ....ciiiiiiiiie e 186
6.16.4 Compare Double Integer LDD (=, <, >, <>, >=, <=) INSITUCHON ......ooviiiiiiiiiiiiiiiie e 187
6.16.5 Compare Double Integer ANDD (=, <, >, <>, >=, <=) INStrUCHON ....coveiiiiiiiieee e 188
6.16.6 Compare Double Integer ORD (=, <, >, <>, >=, <=) INStrUCON .....ooviiiiiiiiieee e 189
6.16.7 Compare Floating Point Number LDR INSTrUCHON .......c..eiiiiiiiieeee e 190
6.16.8 Compare Floating Point Number ANDR INStrUCHON ........cooiiiiiiiii e 191
6.16.9 Compare Floating Point Number ORR INSrUCHON ..........coiiiiiiiiiiicie e 192
6.17 LOCAtING INSIIUCLIONS ......eeiiiiieie ettt e et e e ekt e e ab e e e e s bt e e e asbe e e nnne e e e naneee s 193
6.17.1 Setting Up An Absolute POSItioN SYSIEM ........ooiiiiiii i 193
6.17.2 Overview Of Locating Instructions FOr IVC Series PLC .........coooiiiiiiiiie e 193
6.17.3 Mechanical Diagram Of Absolute PoSition SYStem ............ociiiiiiiiiiee e 194
6.17.4 Points To Note For Using Locating instructions ZRN, PLSV, DRVI ANd DRVA.......cccooi e 194
6.17.5 NOteS ON SErVO AMPITIEIS ...ttt et e e e bt e e e e e e sneee s 195
6.17.6 Special Elements Related To Locating iNSrUCHONS ..........oiouiiiiiiiiiiiiie e 195
6.17.7 ZRN: Regress To Origin INSTIUCHON .........eiiiiiiiiii e 196
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6.17.8 PLSV: Variable Speed Pulse Output INSrUCHION ..........uuuiiiiiiiiiiiiiiiiiiiiieieieieieieeieeevevevevereesssssssssssssssssrsrssnrne 197
6.17.9 DRVI: Relative Position Control INSIrUCION............iiiiiiii e e e 198
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6.1

6.1.1

Program Flow Control Instruction

FOR: Cycle Instruction

LAD: Applicable to IVC2 IVC1
- e = . Influenced flag bit
IL: FOR (S) Program steps 3
Offset
o) d| T Applicable el t
peran ype pplicable elements addressing
S INT ConstanthnX| KnY | KnM | KnS |KnLM|KnSM| D | SD | C | T | Vv | z N

Operand description

S: Source operand

NEXT: Return From Cycle

LAD: Applicable to IVC2 IvVC1
|{ NEXT ] Influenced flag bit

IL: NEXT Program steps 1
Function description Note

1. Instructions FOR and NEXT form a FOR-NEXT
structure.

2. When the power flow before FOR is valid, and the
cycle times (S) is larger than 0, the instructions in the
FOR-NEXT structure will be cyclically executed S
times. After that, the instructions after the FOR-NEXT
structure will be executed.

3. If the power flow before FOR is invalid, or the cycle
times (8S) is less than or equal to 0, the program will
skip over the instructions in the FOR-NEXT structure
and execute the following instructions.

Example
LD SM1
iy wr o m ] MOVO DO
" LD M2
— i {++—{ FOR 100 1 EU
| E o om w . FOR 100
LD SMO
Lol INC D100
NEXT

The initial conditions for the operation are: D0=0,
M2=0OFF. When M2 changes from OFF to ON, the
instructions in the FOR-NEXT structure will be
consecutively executed for 100 times. DO will increase
one for each cycle. When the cycle is over, DO reaches
100.

1. The FOR-NEXT instruction must be used in pairs in
a POU, or the program cannot pass the compiling.

2. Nesting of several FOR-NEXT structures is
supported. IVC2 series PLC supports up to 8 levels of
nesting. (The figure below shows a 3-level nesting of
FOR-NEXT structure)

3. You can use the Conditional Jump (CJ) instruction
to jump out of the structure and end the loop in
advance, as shown in the following ladder diagram:
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6.1.3

4. It is prohibited to use the CJ instruction to jump into
a loop. The LAD program shown in the following figure
cannot pass the compiling.

5. The crossing of the structures MC-MCR and
FOR-NEXT is prohibited. LAD program shown in the
following figure cannot pass the compiling.

" Mo
L ——1 T 0 ] | —{ FOE Il 1—
T 1 MO |
—— —{ PR Dz )] L " —1 om0 _
- - - ’J | x |
H LEL ul 1 & [ WE¥T ] 09— T T — — — |
[ HEXT ] Ty ] - — =

& Note

The execution of the FOR-NEXT structure is time consuming. The bigger the cycle times is, or the more instructions are
contained in the loop, the longer it will take. To prevent the operation overtime error, use the WDT instruction in a

time-consuming loop.

LBL: Jump Label Definition

LAD: Applicable to IVvC2 IVC1
|-[ LBL s} ] Influenced flag bit
IL: LBL (S) Program steps 3
. Offset
Operand | Type Applicable elements addressing
S INT Constant| | | | | | | | | | | |

Operand description Example of error program
S: label number. Range: 0 < 8§ < 127

H{ LEL @ 1w
Function description no "

. . It [ T o - 1
1. Alabel numbered S is defined. — -
2. Itis used to mark a specific jumping position for MoV 100 L ]
the CJ instruction. "» Repeated
CFEND ] .-~ label No.

Note T

{ LEL 0O la-”
Take care not to mark two labels with the same No. "
in one POU, or the program cannot pass the — —— mav 200 Io ]

compiling. However, you can do so in different
POUs (for example, different sub-programs).
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6.1.4 CJ: Conditional Jump

LAD: Applicable to IVC2 IvVC1
— — g ® ] Influenced flag bit
IL: CJ  (S) Program steps 3
. Offset
Operand | Type Applicable elements addressing
S INT | Constant | | | | | | | | | | |
Operand description Example
S: label SN o LD MO
———m—{ oI o \ 1 cJ o

i ipti M 200
Function description w0 : LD SMO
1. When the power flow is valid, the program I MOV 100 DO
will jump to execute the instruction numbered y Jump to LBL 0 CFEND

. . . n 200 LD M1

2. If the power flow is invalid, the program will ————{ mov 200 0 ] MOV 200 DO

not jump, but execute the instruction following
CJ.

Note

1. The jumping label S (0 < S < 127) for the CJ
instruction shall be a legal and defined label.
Otherwise, the user program cannot pass the
compiling.

2. It is not allowed to use the CJ instruction to
jump into a FOR-NEXT structure.

3. ltis allowable to use the CJ instruction to
jump out of or into the MC-MCR structure or
SFC status. However, such operation will
damage the logic of the MC-MCR structure or
SFC status and make the program complex. It
is not recommended to do this.

1. Initial conditions: MO=OFF, M1=0ON. The CJ instruction is not
be executed, and DO is 100. After executing CFEND, the current
cycle of the main program ends in advance, and the following LD
and MOV instructions are not executed.

2. When MO is ON, M1=0N, the program will execute the CJ
instruction, skip over the “MOV 100 200” and CFEND
instructions, and jump to LBL 0 and execute “MOV 200 D0O”
instruction. DO is 200 then.

6.1.5 CFEND: Conditional End From User Main Program

LAD: Applicable to IVC2 IvC1
b T e Influenced flag bit
IL: CFEND Program steps 1

Function description

1. When the power flow of the instruction is
valid, the current scan cycle of the main
program ends immediately and the following
instructions in the main program will not be
executed.

2. When the power flow of the instruction is
invalid, the instruction enables no action, and
the instruction after it will be executed in order.

Note

The CFEND must be used in the main
program, or the program cannot pass the
compiling.

Example

The current scan cycle ends

LD Mo

MO CFEND
CFERD LD SM12

SMlzZ 1o 5 OUT V4

When the program is running, if MO=OFF, the CFEND instruction
will not enable any action. The following instructions LD and
OUT will be executed. When MO is ON, the CFEND instruction
will be executed, the main program will end the current scan
cycle immediately, and the following instructions will not be
executed.
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6.1.6 WDT: User Program Watchdog Reset
LAD: Applicable to IVC2 IVC1
17 f——HLT} Influenced flag bit
IL: WDT Program steps 1
Function description
When the power flow is valid, the instruction will clear the user program watchdog, and the watchdog will restart timing.
6.1.7 EIl: Enable Interrupt Instruction
LAD: Applicable to IVvC2 IVC1
i 5 2 Influenced flag bit
IL: El Program steps 1
Function description
1. When the power flow of the El instruction is valid, the interrupts in the current scan cycle will be enabled.
2. When the El instruction is valid, the interrupt requests will be allowed to join the interrupt request queue to wait for
system response.
6.1.8 DI: Disable Interrupt Instruction
LAD: Applicable to IVC2 IvC1
L - Influenced flag bit
IL: DI Program steps 1
Function description
1. When the power flow is valid, the global interrupt enable flag is inactive, that is, the global interrupt will be off.
2. When the global interrupt enable flag is inactive, the interrupt events will not generate any interrupt request.
Note
When the DI instruction is valid, the system will still respond to the unprocessed interrupt requests in the request
queue, but new interrupt events cannot generate interrupt requests.
6.1.9 CIRET: Conditional Return From User Interrupt Subprogram
LAD: Applicable to IVC2 IVC1
|—| ——-/{ cIReET ] Influenced flag bit
IL: CIRET Program steps 1
Function description
When the power flow is valid, the system will quit the current interrupt program immediately.
6.1.10 STOP: User Program Stop
LAD: Applicable to IVC2 IvC1
A T e Influenced flag bit
IL: STOP Program steps 1

Function description

When the power flow is valid, the system will immediately stop the execution of the user program.
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6.1.11

6.1.12

CALL: Calling A Subprogram

LAD:
|—| — ©GALL FERRVARE) SPARANY?  (FARAMR S

Applicable to

IVC2 IVC1

] Influenced flag bit

IL: CALL  (SBRname) (PARAM1) (PARAM2)

Program steps

Determined by the
subprogram parameters

Function description

When the power flow is valid, the system will call the designated subprogram, execute it, and then return to the main
program to execute the instructions following the CALL instruction.

Note

1. The subprogram called by the CALL instruction must be defined in advance in the user program, or the program

cannot pass the compiling.

2. The operand element type in the CALL instruction must match the Data Type defined in the local variable table of

the subprogram, or the program cannot pass the compiling.

The following examples demonstrates some illegal matches.

Example 1: In the local variable table of subprogram SBR1, the data type of Operand 1 is DINT/DWORD.

The following usages are illegal:

® CALL SBR1 Z0 (The data type of Z element cannot be DINT/DWORD)
® CALL SBR1 C199 (The data type of elements CO to C199 cannot be DINT/DWORD)
® CALL SBR1 K2X0 (Kn addressing 1 < n < 3, the data type cannot be DINT/DWORD)
Example 2: In the local variable table of the SBR1 subprogram, the data type of Operand 1 is INT/WORD, the

following usages are illegal:

® CALL SBR1 C200 (The data type of element C200 to C255 cannot be INT/WORD)
® CALL SBR1 K2X0 (Kn addressing 4 < n < 8, the data type cannot be INT/WORD)
3. The operand element type in the CALL instruction must match the Variable Type defined in the local variable table

in the subprogram, or the program will not pass the compiling.
The following examples demonstrates some illegal matches.

Example: In the local variable table of subprogram SBR1, the operand type of Operand 1 is OUT or IN_OUT,

the following usages are illegal:

® CALL SBR1 321 (constants cannot be changed, therefore it does not match OUT or IN_OUT)
® CALL SBR1 K4X0 (K4X0 is read-only, therefore it does not match OUT or IN_OUT)
® CALL SBR1 SDO (SDO is read-only, therefore it does not match OUT or IN_OUT)
4. The number of the operands in the CALL instruction must match the local variable table of the subprogram, or the

program will not pass the compiling.

CSRET: Conditional Return From User Subprogram

LAD: Applicable to IVC2 IVC1
I | | { CSRET ] Influenced flag bit

IL: CSRET Program steps 1

Function description

When the power flow is valid, the program will quit the current subprogram and return to the upper level subprogram.
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6.2 Data Transmission Instruction
6.2.1 MOV: Move Word Data Transmission Instruction

LAD: Applicable to IVvC2 IVC1

] {1 K 15 i 1 Influenced flag bit
IL: MOV (S) (D) Program steps 5
. Offset
Operand | Type Applicable elements addressing
S INT |[Constant| KnX| KnY | KnM | KnS | KnLM | KnSM D SD C T Vv z N
D INT KnY | KnM | KnS | KnLM D SD C T Vv z N

Operand description Note

S: Source operand 1. The MOV instruction supports signed and unsigned integers. If the two

D: Destination operand operands are both elements, the data type is signed integer. If the source

Function description operandl isa s.lgned integer (for example, 10 +100), .the destlnatlo.n operand is

. . also a signed integer. If the source operand is an unsigned double integer (for

When the power flow is valid, example, 100, or 45535), the destination operand will also be an unsigned

the content of S is assigned to integer.

D, and the value of S remains 2. The corresponding element C only supports CO to C199.

unchanged.

Example
0 500 500 LD X0
MOY IO D10 1 MOV DO D10
When X0 is ON, the content of DO is assigned to D10, D10 = 500.

6.2.2 DMOV: Move Double Word Data Transmission Instruction

LAD: Applicable to IvC2 IvC1
B R e Influenced flag bit
IL: DMOV (S) Program steps 7
Offset
O d| T Applicable el t
peran ype pplicable elements addressing
S DINT [Constant|KnX| KnY | KnM | KnS | KnLM | KnSM D SD C T Vv z N
D DINT KnY | KnM | KnS | KnLM D SD C \ N
Operand description Note

S: Source operand
D: Destination operand

Function description

When the power flow is valid,
the content of S is assigned to
D, and the value of S remains
unchanged.

1. The DMOQYV instruction supports signed and unsigned double integers. If the
two operands of the instruction are elements, the data types are signed integers.
If the source operand of the instruction is a signed double integer (for example,
-10, +100), the destination operand will also be signed integer. If the source
operand is the unsigned double integer (for example, 100, 45535), the
destination operand will also be unsigned integer.

2. The corresponding element C only supports C200 to C255.

Example
X0 50000 50000 LD X0
MOV IO D10 1 DMOV DO D10

When X0 is ON, the content of (DO, D1) is assigned to (D10, D11). (D10, D11)
is 50000.
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6.2.3 RMOV: Move Floating Point Number Data Transmission

6.2.4

LAD: Applicable to IVvC2 IVC1
|{;‘s;'|—|' — By ]|~£‘H—| —n) mMOY ] Influenced flag bit
IL: RMOV  (S) (D) Program steps 7
) Offset
Operand| Type Applicable elements addressing
S REAL |Constant D Y N
D REAL D \Y N
Operand description Example
S: Source operand 10 50000, 50, . . 50000, 50; . . LD X0
Emoy oo oio
D: Destination operand ] RMOV DO

Function description

When the power flow is valid,
the content of S is assigned to
D, and the value of S remains

unchanged.

BMOV: Move Data Block Transmission Instruction

D10

When X0 is ON, the content of (DO, D1) is assigned to (D10, D11). (D10, D11)

is 50000.5.

element of data block;
D: Destination operand,

starting element of data block;

S2: size of data block

Function description

When the power flow is valid,
the contents of S2 elements
starting with S7 are assigned
to the S2 elements starting
with D, and the contents of S2

elements starting with S71

remain unchanged.

LAD: Applicable to IvC2 IvC1
- Influenced flag bit
IL: BMOV  (S1) (D) (S2) Program steps 7
ff
Operand| Type Applicable elements adc?resszting
S1 INT KnX | KnY | KnM | KnS | KnLM D SD C T \Y N
D INT KnY | KnM | KnS | KnLM D C T \Y N
S2 INT |[Constant| KnX | KnY | KnM | KnS | KnLM | KnSM D SD C T \% z N
Operand description Example
S: Source operand, starting 0 500 300 LD X0
EMOY DD nioo 10 ] BMOV DO D100 10

When X0 is ON, the contents of 10 elements starting with DO are assigned to 10
elements starting with D100. D100 = DO, D101 = D1, ..., D109 = D9.
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6.2.5 FMOV: Fill Data Block Instruction

6.2.6

LAD: Applicable to IVC2 IVC1
R S ‘WH AE 287277 | Influenced flag bit
IL: FMOV  (S17) (D) (S2) Program steps 7
Offset
O d T Applicable el t
peran ype pplicable elements addressing
S1 INT |Constant|KnX| KnY | KnM | KnS | KnLM | KnSM D SD C T \Y 4 N
D INT KnY | KnM | KnS | KnLM D C T \ N
S2 INT |Constant|KnX| KnY | KnM | KnS | KnLM | KnSM D SD C T \Y 4 N
Operand description Note

S1: Source operand, starting
element of data block;

D: Destination operand,
starting element of data block;
S2: size of data block

Function description

When the power flow is valid,
the contents of S7 will be
filled into S2 elements starting
with D element, and the
content of 87 remains
unchanged.

1. When 81, D and S2 use C element, the legal range is CO to C199.
2. 82 s larger than or equal to 0.
3. When S1 and D both use Kn addressing, Kn shall be the same.

Example

X0 a00
FRMOY IO

When X0 is ON, the content of DO will be filled into 10 elements starting with
D100. D100 = D101 = ... = D109 = DO = 500.

LD X0
FMOV DO D100 10

500
1100 10 ]

DFMOQV: Fill Data Block Double Word Instruction

LAD: Applicable to IvC2 IvC1
|—| P nrMRs) .,/S,TJ]|—| i—  LEmE) 500 | Influenced flag bit
IL: DFMOV  (S17) (D) (S2) Program steps 9
Offset

O d| T Applicable el t

perand | Type pplicable elements addressing

S1 DINT [Constant| KnX | KnY | KnM | KnS | KnLM [ KnSM D SD C \Y N

D DINT KnY | KnM | KnS | KnLM D C \Y N

S2 INT |Constant|KnX| KnY | KnM | KnS | KnLM | KnSM D SD C T \Y 4 N
Operand description Note

S1: Source operand

D: Destination operand,
starting element of data block
S2: size of data block

Function description

When the power flow is valid,
the contents of S7 will be
filled into S2 elements starting
with D, and the content of S71
remains unchanged.

1. When 81, D and S2 use C element, the legal range is C200 to C255.
2. 82 s larger than or equal to 0.
3. When S1 and D are both Kn addressing, Kn shall be the same.

Example
LD X0

| 10 100000
IFMOY IO DFMOV DO D10

When X0 is ON, the content of (DO, D1) will be filled into 10 x 2 units starting
with D10. (D10, D11) = (D12, D13) =...= (D28, D29) = (DO, D1) = 100000.

100000

D10 10 1 10
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6.2.7 SWAP: Swap Bytes

LAD: Applicable to IVC2 IVC1
B "'__.::,!,n"&'f.'s." S '_1-:'??-'—’ Influenced flag bit
IL: SWAP (D) Program steps 3
Offset
O d| T Applicable el t
perand | Type pplicable elements addressing
D INT | |KnY|KnM|KnS|KnLM| | D | |C | T |V| z N

Operand description

D: Destination operand, the
word element whose high/low
bytes are swapped.

Function description

When the power flow is valid,

the D element whose high/low
bytes has been swapped will

be saved.

6.2.8 XCH: Exchange Word

Example

| ] 10000 LD X0

o N ! SWAP DO
When X0 is ON, the high/low bytes in DO = 0x1027 (4135) will be swapped
and saved. DO is then 0x2710 (10000).

LAD: Applicable to IvC2 IvC1

\:\*’t’-’ﬁ-‘ RV AR AN \}q-Q-QH SRR Influenced flag bit

IL: XCH (D1) (D2) Program steps 5

Operand | Type Applicable elements adc(j)r:ss:ng
D1 INT KnY | KnM | KnS | KnLM D C T \Y z N
D2 INT KnY | KnM | KnS | KnLM D C T \Y z N

Operand description
D1: destination operand 1
D2: destination operand 2
Function description

When the power flow is valid,
D1 and D2 will exchange their
values.

Note
When using the Kn addressing mode, the Kn in D7 and D2 shall be the same.

Example

X0 1000 5000 LD X0
ey & L ] XCHDO D10

When X0 is ON, DO and D10 will exchange their values. Before the execution,
D0 is 5000 and D10 is 1000. After the execution, DO is 1000 and D10 is 5000.
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6.2.9 DXCH: Exchange Double Word Instruction

6.2.10

LAD: Applicable to IvC2 IvCc1
\:\'{:"’rﬁ* R L A A \};‘-9-3- AR Influenced flag bit
IL: DXCH (D1) (D2) Program steps 7
Offset
O d T Applicable el t
peran ype pplicable elements addressing
D1 DINT KnY | KnM | KnS | KnLM D C T \ z N
D2 DINT KnY | KnM | KnS | KnLM D Cc T \ z N
Operand description Note

D1: destination operand 1
D2: destination operand 2
Function description

When the power flow is valid,
D1 and D2 will exchange their
values.

When using the Kn addressing mode, the Kn in D1 and D2 shall be the
same.

Example

10 1000000 000000
DECH IO nio ]

When X0 is ON, DO and D10 will exchange their values. Before the
execution and (DO, D1) is 5000000, (D10, D11) is 1000000. After the
execution, (DO, D1) is 1000000 and (D10, D11) is 5000000.

LD X0
DXCH DO D10

PUSH: Push Instruction
LAD: Applicable to IVvC2 IVC1
B BeS sl (s WS W (817 | Influenced flag bit
IL: PUSH (S1) (D) (S2) Program steps 7
Offset
(0] d| T Applicable el t
peran ype pplicable elements addressing
S1 INT |Constant| KnX| KnY | KnM | KnS | KnLM | KnSM D SD C T \% Z N
D INT D \Y N
S2 INT |Constant| KnX| KnY | KnM | KnS | KnLM | KnSM D SD C T \% Zz N
Operand description Note

S1: push value

D: the number of elements in
the stack. It is also the
element at the stack bottom.
S2: stack size

Function description

1. When the power flow is
valid, the value of S7 will be
pushed onto the top of the
stack with D element as the
bottom, and D will increase by
1. At this time, the address of
the stack top unit is the
address of D plus the value of
D.

2. When the value of D
reaches S2, one more push
instruction will set the
operation carry flag (SM181)
to 1, and the push operation
will not be executed.

1. When the stack is illegal (for example, when the stack size < 0, the
number of elements in the stack < 0, or when the stack size is beyond the
limit), the system will report “Definition error of stack operated”.

2. The stack size does not include the stack bottom element (the element
designated by D).

3. S2 indicates the stack size. Range: = 0.

Example
oo W B W M
PUSH DO D100 10
Stack
pointer
DO |D110|D109| D108|D107|D106|D105|D104|D103|D102|D101 D100

1. When MO is ON, push DO into the stack with D100 as the stack bottom.
2. Before the execution, DO is 1000, D100 is 8 and D109 is 0.
3. After the execution, DO is 1000, D100 is 9 and D109 is 1000.
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6.2.11

FIFO: First-In-First-Out Instruction
LAD: Applicable to IVC2 IVC1
|—| j—I FIFO 1) w2) s) 1 | Influenced flag bit
IL: FIFO (D7) (D2) (S) Program steps 7
. Offset
Operand | Type Applicable elements addressing
D1 INT D \% N
D2 INT KnY | KnM | KnS | KnLM D C T \% z N
S INT |[Constant| KnX| KnY | KnM | KnS | KnLM | KnSM D SD C T \% z N
Operand description Example
D1: the number of elements in the stack. M g 1a0n
Its element address plus 1 is the address —— FIFO D100 oo 10 ]
of the stack head. LD MO
D2: storage register for popped value FIFO D100 DO 10
S: queue size
Stack
Function description pointer
[ o | [o110[p10g[p108| D107] D10 D105| D104] D10 D102[ D101 D100] | Do |

1. When the power flow is valid, the value
of the stack head (the element
immediately following D1) with D1 as the
queue head is assigned to D2. At the
same time, the value of D1 subtracts 1,
the contents of the S units after D1 will
move forward, and the last unit is filled
with 0.

2. When D1 is 0, it indicates that the
stack is empty, the zero flag (SM180) will
be set 1.

Note

1. When the stack is illegal (for example,
when the stack size < 0, the number of
elements in the stack < 0, or when the
stack size is beyond the limit), the system
will report “Definition error of stack
operated”.

2. The stack size does not include the
stack bottom element (the element
designated by D7)

3. Sindicates the stack size. Range: = 0.

S LV UVUYLVLLL U ——

1. When MO is ON, the content of D101 is filled into DO, and at the
same time the contents of D101 ~ D110 move forward, and the
D110 is filled with 0.

2. Before the execution: DO =0, D100 = 10, D101 = 1000, D102 =
2000, ..., D109 = 9000, D110 = 10000.

3. After the execution: DO = 1000, D100 =9, D101 = 2000, D102 =
3000,..., D109 = 10000, D110 = 0.

IVC Series Small PLC Programming Manual




86

Chapter 6 Application Instructions

6.2.12

LIFO: Last-In-First-Out Instruction
LAD: Applicable to IVC2 IVC1
L s S e g 2 22072 | Influenced flag bit
IL: LIFO (D7) (D2) (S) Program steps 7
. Offset
Operand| Type Applicable elements addressing
D1 INT D \% N
D2 INT KnY | KnM | KnS | KnLM D C T \% z N
S INT |Constant|KnX| KnY | KnM | KnS | KnLM | KnSM D SD C T Vv z N
Operand description Example
D1: the number of elements in the queue. Its element 2l g 10000
address plus 1 is the address of the queue’s head. e I 4l 10 !
D2: storage register for popped value LD MO
S: queue size LIFO D100 DO 10
Function description ;;.if:r

1. When the power flow is valid, the value of the stack
head with D1 as the stack bottom is assigned to D2,
and at the same time the value of D1 subtracts 1.

2. When D1 is 0, it indicates that the stack is empty,
the zero flag (SM180) will be set 1.

Note

1. When the stack is illegal (for example, when the
stack size < 0, the number of elements in the stack < 0,
or when the stack size is beyond the limit), the system
will report “Definition error of stack operated”.

2. The stack size does not include the stack bottom
element (the element designated by D7)

3. Sindicates the stack size. Range: 2 0.

D110 D109 D108] D107] D106 D105 D104] D103] D102] D101] 10|

1. When MO is ON, the content of D110 is assigned to
DO, the content of units D101 ~ D110 remain
unchanged.

2. Before the execution: DO =0, D100 = 10, D101 =
1000, D102 = 2000, ..., D109 = 9000, D110 = 10000.
3. After the execution: DO = 10000, D100 =9, D101 =
1000, D102 = 2000, ..., D109 = 9000, D110 = 10000.
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6.2.13 WSFR: Shift Right Word Instruction

LAD: Applicable to IVC2 IVC1
] s WA SR e FRE Influenced flag bit | Zero, carry, borrow
IL: WSFR  (S7) (D) (S2) (S3) Program steps 9
. Offset
Operand | Type Applicable elements addressing
S1 INT KnX| KnY | KnM | KnS | KnLM D SD C T \% N
D INT KnY | KnM | KnS | KnLM D C T \% N
S2 INT |[Constant| KnX| KnY | KnM | KnS | KnLM | KnSM D SD C T \% z N
S3 INT |[Constant| KnX| KnY | KnM | KnS | KnLM | KnSM D SD C T \% z N
Operand description Example
S1: Source operand 0 100 4000
. . . i i —{ %SFE IO D100 0 3 1
D: Destination operand, starting unit of word string
S2: size of destination word queue LD X0
S83: number of words filled rightward WSFR DO D100 10 3
Function description
When the power flow is valid, the contents of S2 units p109[p108]D107]D106[D10s]D104]D103[D102]D101]D100]
starting with D unit will move rightward S3 words. The S

rightmost S3 units will be discarded. At the same time,
the contents of 83 units starting with S7 will be filled
into the left end of the word string.

Note

1. The elements with smaller SN are at the right, and
the elements with larger SN are at the left.
2.82=0,83=20,S82=>S3.

3. When 817 and D both use Kn addressing, Kn shall
be the same.

1. When MO is ON, the contents of 10 units starting
with D100 unit will move rightward 3 words. The
rightmost units D102 ~ D100 will be discarded. At the
same time, the contents of the 3 units starting with DO
will be filled into the left end of the word string.

2. Before the execution: D2=300, D1=200, D0=100.
D109=10000, D108=9000, D107=8000, D106=7000,
D105=6000, D104=5000, D103=4000, D102=3000,
D101=2000, D100=1000.

3. After the execution: DO ~ D2 remain unchanged,
D2=300, D1=200, D0=100. D109=300, D108=200,
D107=100, D106=10000, D105=9000, D104=8000,
D103=7000, D102=6000, D101=5000, D100=4000.
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6.2.14 WSFL: Shift Left Word Instruction

LAD: Applicable to IVC2 IvVC1
| R | " fEa Influenced flag bit | Zero, carry, borrow
IL: WSFL (S17) (D) (S2) (S3) Program steps 9
) Offset
Operand| Type Applicable elements addressing
S1 INT KnX| KnY | KnM | KnS | KnLM D SD C T \Y N
D INT KnY | KnM | KnS | KnLM D C T \Y N
S2 INT |Constant|KnX| KnY | KnM | KnS | KnLM | KnSM D SD C T \% A N
S3 INT |Constant|KnX| KnY | KnM | KnS | KnLM | KnSM D SD C T \% A N
Operand description Example
S1: source operand 1w {0 Tan LD X0
|—4 —{ WSFL IO D100 10 3
D: destination operand, é WSFL DO D100 10 3
starting unit of word string
S2: size of destination word mm
queus ~Z 111
S3: number of words filled for D109|D108[D107|D106{D105|D104|D103|D102[D101{D100
right forward T~ <7

Function description

When the power flow is valid,
the contents of S2 units
starting with D unit will move
leftward S3 words. The
leftmost S3 units will be
discarded. At the same time,
the contents of S3 units
starting with S7 will be filled
into the right end of the word
string.

Note

1. The elements with smaller
SN are at the right, and the
elements with larger SN are
at the left.
2.8220,83=20,S2=S3.
3. When S1 and D both use
Kn addressing, Kn shall be
the same.

1. When X0 is ON, the contents of 10 units starting with D100 will move leftward
3 words. The leftmost units D109 ~ D107 will be discarded. At the same time,
the contents of the 3 units starting with DO will be filled into the right end of the
word string.

2. Before the execution: D0=100, D1=200, D2=300. D109=10000, D108=9000,
D107=8000, D106=7000, D105=6000, D104=5000, D103=4000, D102=3000,
D101=2000, D100=1000

3. After the execution: DO ~ D2 remain unchanged: D2=300, D1=200, D0=100.
D109=7000, D108=6000, D107=5000, D106=4000, D105=3000, D104=2000,
D103=1000, D102=300, D101=200, D100=100.
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Integer Math Instructions

6.3.1 ADD: Add Integer Instruction

LAD: Applicable to IVC2 IVC1
Bﬁ‘ AR N 'ﬁ'ﬁ—"x U5 R WEAY | Influenced flag bit | Zero, carry, borrow
IL: ADD (S1) (S2) (D) Program steps 7
Offset
O d| T Applicable el t
perand | Type pplicable elements addressing
S1 INT |[Constant| KnX | KnY | KnM | KnS | KnLM | KnSM D SD C T V z N
S2 INT |[Constant| KnX | KnY | KnM | KnS | KnLM | KnSM D SD C T V z N
D INT KnY | KnM | KnS | KnLM D C T \Y z N
Operand description Example
S1: Source operand 1 | Y0 1000 2000 3000
AID DO 11 1o 1
S2: Source operand 2
D: Destination operand LD X0
ADD DO D1 D10

Function description

1. When the power flow is valid, add S71 and S2, and
assign the operation result to D.

2. When the operation result (D) is larger than
32767, the carry flag bit (SM181) will be set. When
the operation result is 0, the zero flag bit (SM180)
will be set. When the operation result is less than
—32768, the borrow flag bit (SM182) will be set.

6.3.2 SUB: Subtract Integer Instruction

When X0 is ON, add DO (1000) and D1 (2000), and
assign the result to D10, D10 = 3000.

LAD: Applicable to IVvC2 IVC1
\_\— TRe— TREED '-‘.ﬂ‘“éﬁ\ Bgm—= iy U307 | Influenced flag bit | Zero, carry, borrow
IL: SUB (S7) (S2) (D) Program steps 7
Offset
O d| T Applicable el t
peran ype pplicable elements addressing

S1 INT |Constant| KnX | KnY | KnM | KnS | KnLM |KnSM| D SD C T \Y 4 N

S2 INT |Constant| KnX | KnY | KnM | KnS | KnLM |KnSM| D SD C T \Y z N

D INT KnY | KnM | KnS | KnLM D C T \Y z N
Operand description Example
§1: Source operand 1 | ¥ 1000 2000 -1000

SUB 0 l it ]
S2: Source operand 2
D: Destination operand LD Xo
SuB DO D1 D10

Function description

1. When the power flow is valid, S1 subtracts S2,
and the operation result is assigned to D.

2. When the operation result (D) is larger than
32767, the carry flag bit (SM181) will be set. When
the operation result is 0, the zero flag bit (SM180)
will be set. When the operation result is less than
—32768, the borrow flag will be set bit (SM182).

When X0 is ON, DO (1000) subtracts D1 (2000), and
the result —1000 is assigned to D10.
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6.3.3

6.3.4

MUL: Multiply Integer Instruction

LAD: Applicable to IvC2 IvC1
|—| — ML (s1) (52} o) ] Influenced flag bit | Zero, carry, borrow
IL: MUL (S7) (S2) (D) Program steps 8
. Offset
Operand | Type Applicable elements addressing
S1 INT |Constant|KnX| KnY | KnM | KnS | KnLM | KnSM D SD T \Y 4 N
S2 INT |Constant|KnX| KnY | KnM | KnS | KnLM | KnSM D SD T \Y 4 N
D DINT KnY | KnM | KnS | KnLM D \Y N
Operand description Note
S1: Source operand 1 The operation result of MUL instruction is a 32-bit
S2: Source operand 2 data.
D: Destination operand Example
Function description %0 1000 2000 2000000
ML Do jij} oo ]
When the power flow is valid, 7 multiplies $2, and
the operation result is assigned to D. LD X0
MUL DO D1 D10
When X0 is ON, DO (1000) multiplies D1 (2000),
and the result 2000000 is assigned to (D10, D11).
DIV: Divide Integer Instruction
LAD: Applicable to IVvC2 IVC1
|—| ——{ DIV (s1) (s2) o) Influenced flag bit | Zero, carry, borrow
IL: DIV (S1) (S2) (D) Program steps 7
. Offset
Operand | Type Applicable elements addressing
S1 INT |[Constant| KnX| KnY | KnM | KnS | KnLM | KnSM D SD C T Vv z N
S2 INT |[Constant| KnX| KnY | KnM | KnS | KnLM | KnSM D SD C T V Zz N
D INT KnY | KnM | KnS | KnLM D C T \Y z N

Operand description

S1: Source operand 1
S2: Source operand 2
D: Destination operand

Function description

When the power flow is valid, 87 is divided by S2, and
the operation result is assigned to D (D includes 2
units, one storing the quotient, the other storing the
remainder).

Note

S2 # 0, otherwise, the system will report “Divided by 0
error’, and the instruction will not be executed.

Example

X0 2500 1000 Z
I—-—[ IV o m nmao 1
LD XO
DIV DO D1D10

When X0 is ON, DO (2500) is divided by D1 (1000), the
result is assigned to (D10, D11). D10=2, D11=500.
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6.3.5 SQT: Square Root Integer Instructions
LAD: Applicable to IvC2 IVC1
|—| —_ sqT (s) o) ] | Influenced flag bit | Zero, carry, borrow
IL: SQT () (D) Program steps 5
Offset
O d| T Applicable el t:
peran ype pplicable elements addressing
S INT |[Constant| KnX| KnY | KnM | KnS | KnLM | KnSM D SD C T \% z N
D INT KnY | KnM | KnS | KnLM D C T \% z N
Operand description Note

6.3.6

S: Source operand
D: Destination operand

Function description

1. When the power flow is
valid, S is extracted, and the
operation result is assigned to

D.

2. When the operation result

(D) is 0, the zero flag bit

(SM180) will be set. When the
operation result rounds off the
decimal fraction, the borrow
flag bit (SM182) will be set.

INC: Increment Integer Instruction

S 2 0, otherwise, the system will report operand error, and the instruction
will not be executed.

Example
®a 1000 31 LD X0
N s 1 saT Do D10

When X0 is ON, extract DO (1000), and assign the result to D10, D10=31.

LAD: Applicable to IvC2 IvC1
Jr.T | B— I||1" | — I Influenced flag bit | Zero, carry, borrow
IL: INC (D) Program steps 3
Operand | Type Applicable elements Offset
P v PP addressing
D INT | |KnY|KnM|KnS|KnLM| | D | | C | T | \Y, | 4 N
Operand description Note

D: Destination operand

Function description

When the power flow is valid,

D increases by 1.

1. This instruction is a cyclic increase instruction. Range: —32768 ~ 32767.
2. The supported range of C element: CO ~ C199.

Example
un 1001 LD XO
l—-—[ I IO ]
INC DO

When X0 is ON, DO (1000) is increased by 1. After the execution, DO is
1001.

IVC Series Small PLC Programming Manual




92

Chapter 6 Application Instructions

6.3.7 DEC: Decrement Integer Instruction

Applicable to

IvC2

IVC1

Influenced flag bit

Zero, carry, borrow

IL: DEC (D) Program steps 3
Operand | Type Applicable elements adg'fefsszting
D INT | | KnY | KnM | KnS |KnLM| | D | | C | T | \Y | 4 N

Operand description
D: Destination operand
Function description

When the power flow is valid,
D decreases 1.

Note

This instruction is a cyclic
decrease instruction, with the
range of —32768 ~ 32767.

Example

0
DEC

When X0 is ON, DO (1000) decreases 1. After the execution, D0=999.

6.3.8 VABS: Integer Absolute Value Instruction

993
10 ]

LD X0
DEC DO

LAD: Applicable to IvC2 IvC1

|—| —{ VABS s} ) 1 Influenced flag bit | Zero, carry, borrow

IL: VABS (S) (D) Program steps 5

Offset
(0] dl T Applicable el t
peran ype pplicable elements addressing

S INT |[Constant| KnX| KnY | KnM | KnS | KnLM | KnSM D SD \% z N
D INT KnY | KnM | KnS | KnLM D Vv z N

Operand description Example

S: Source operand rm ~100d 1000 LD XO

D: Destination operand [— i I A ] VABS DO D10

Function description

When the power flow is valid,
get the absolute value of S
and assign it to D.

Note

The range of S shall be
-32767 ~ 32767. When S'is
-32768, the system will report
operand error, and the
instruction will not be
executed.

When X0 is ON, get the absolute value of DO (-1000), and assign the result
to D10. D10=1000.
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6.3.9 NEG: Negative Integer Instruction
LAD: Applicable to IVC2 IVC1
\N-"-r"— Ry TR, \1\{—9— S N Influenced flag bit | Zero, carry, borrow
IL: NEG () (D) Program steps 5
. Offset
Operand | Type Applicable elements addressing
S INT |Constant| KnX| KnY | KnM | KnS | KnLM | KnSM D SD C T \% 4 N
D INT KnY | KnM | KnS | KnLM D C T \% z N
Operand description Example
S: Source operand m 1000 -1000 LD X0
D: Destination operand | t LI ni ] NEG DO D10

6.3.10

Function description

When the power flow is valid, get
the negative value of S and
assign the result to D.

Note

The range of S shall be —32767 ~
32767. When S is —32768, the
system will report operand error,
and the instruction will not be
executed.

When X0 is ON, get the negative value of DO (1000) and assign the result to
D10. D10=-1000.

DADD: Add Double Integer Instruction
LAD: Applicable to IVvC2 IVC1
\‘\— TR R ’-55&— = wEdm 1247 | Influenced flag bit | Zero, carry, borrow
IL: DADD (S17) (S2) (D) Program steps 10
Offset
O d| T Applicable el t:
peran ype pplicable elements addressing
S1 DINT [Constant| KnX| KnY | KnM | KnS | KnLM [ KnSM D SD C \% N
S2 DINT [Constant| KnX| KnY | KnM | KnS | KnLM [ KnSM D SD C \% N
D DINT KnY | KnM | KnS | KnLM D C \% N
Operand description Example
. | 10 100000 200000 300000 LD X0
S1: Source operand 1 s oo 9 R 1

S2: Source operand 2
D: destination operand

Function description

1. When the power flow is valid,
add S1 and S2, and assign the
operation result to D.

2. When the operation result

(D) > 2147483647, the carry flag
bit (SM181) will be set. When the
operation result is 0, the zero flag
bit (SM180) will be set. When the
operation result < -2147483648,
the borrow flag bit (SM182) will
be set.

DADD DO D2 D10

When X0 | ON, add the value (100000) of (DO, D1) and the value (200000)
of (D2, D3), and assign the result to (D10, D11). (D10, D11) = 300000.
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6.3.11 DSUB: Subtract Double Integer Instruction
LAD: Applicable to IvC2 IVC1
S Y _z_'.i‘:'"’% AT PER 7475 | Influenced flag bit | Zero, carry, borrow
IL: DSUB (S17) (S2) (D) Program steps 10
. Offset
Operand | Type Applicable elements addressing
S1 DINT |Constant|KnX| KnY | KnM | KnS | KnLM | KnSM D SD C \Y N
S2 DINT |Constant|KnX| KnY | KnM | KnS | KnLM | KnSM D SD C \Y N
D DINT KnY | KnM | KnS | KnLM D C \% N
Operand description Example
S1: Source operand 1 0 100000 200000 -100000
S2: Source operand 2 IELE 1z 1o ]
D: Destination operand LD XO
Function description bsuB DO D2 D10
1. When the power flow is valid, S1 subtracts S2, and When X0 is ON, the value (100000) of (DO, D1)
the operation result is assigned to D subtracts the value (200000) of (D2,D3), and the result
2. When the operation result (D) > 2147483647, the 100000 s assigned to (D10, D11).
carry flag bit (SM181) will be set. When the operation
result is 0, the zero flag bit (SM180) will be set. When
the operation result < -2147483648, the borrow flag bit
(SM182) will be set.
6.3.12 DMUL: Multiply Double Integer Instruction

LAD:

1 e sl kR R 7]

Applicable to

IvC2 IVC1

Influenced flag bit

Zero, carry, borrow

IL: DMUL (S7) (S2) (D) Program steps 10
Offset
(0] dl T Applicable el t
perand | Type pplicable elements addressing
S1 DINT |Constant| KnX| KnY | KnM | KnS | KnLM | KnSM D SD C \Y N
S2 DINT |Constant| KnX| KnY | KnM | KnS | KnLM | KnSM D SD C \Y N
D DINT KnY | KnM | KnS | KnLM D C Vv N
Operand description Example
S1: Source operand 1 %0 3000 2000 1BE00NNN0
I—-—< IMUL IO ik D10 1
S2: Source operand 2
D: Destination operand LD XO

Function description

When the power flow is valid, ST multiplies S$2, and the
result is assigned to D.

Note

The result of the DMUL instruction is a 32-bit data, and
overflow may occur.

DMUL DO D2 D10

When X0 is ON, the value (83000) of (DO, D1)
multiplies the value (2000) of (D2,D3), and the result
1660000000 is assigned to (D10, D11).
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6.3.13 DDIV: Divide Double Integer Instruction

LAD: Applicable to IVvC2 IvC1
|—| B TnER -K‘EIJ]|—| i bk 500] | Influenced flag bit | Zero, carry, borrow
IL: DDIV (S17) (S2) (D) Program steps 10
) Offset
Operand | Type Applicable elements addressing
S1 DINT |Constant| KnX| KnY | KnM | KnS | KnLM | KnSM D SD C \% N
S2 DINT [Constant| KnX| KnY | KnM | KnS | KnLM [ KnSM D SD C \% N
D DINT KnY | KnM | KnS | KnLM D C \% N
Operand description Note
S1: Source operand 1 S2 # 0, otherwise, the system will report “Divided by 0 error”, and the
S2: Source operand 2 instruction will not be executed.
D: Destination operand Example
Function description | 10 5000 2000 a1 LD X0
IIT¥ D0 2 010
When the power flow is valid, S7 : DDIV DO D2 D10
is divided by S2, and the When X0 is ON, the value (83000) of (DO, D1) is divided by the value (2000)
operation result is assigned to D of (D2, D3), and the result is assigned to (D10, D11) and (D12,D13). (D10,
(D includes 4 units, with the first D11) = 41, (D12, D13) = 1000.
two storing the quotient, the
other two storing the remainder)
6.3.14 DSQT: Square Root Double Integer Instruction
LAD: Applicable to IVvC2 IVC1
|—| —-_ DSsQT (5} @) ] Influenced flag bit | Zero, carry, borrow
IL: DSQT (S) (D) Program steps 7
. Offset
Operand| Type Applicable elements addressing
S DINT |[Constant|KnX| KnY | KnM | KnS | KnLM | KnSM D SD C \% N
D DINT KnY | KnM | KnS | KnLM D C \% N
Operand description Note
S: Source operand S 2 0, otherwise, the system will report operand error, and the instruction
D: Destination operand will not be executed.
Function description Example
1. When the power flow is X0 F3000 288 LD X0
valid, S is extracted, and the IoRt: Ao Hig ] DSQT DO D10
oneratlon result s assigned to When X0 is ON, extract the value (83000) of (DO, D1), and assign the

result to (D10, D11). (D10, D11) = 288.
2. When the operation result

(D) is 0, the zero flag bit
(SM180) will be set. When the
operation result rounds off the
decimal fraction, the borrow
flag bit (SM182) will be set.
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6.3.15 DINC: Increment Double Integer Instruction

LAD:

porf B—L e B 1)

Applicable to

IvC2 IVC1

Influenced flag bit | Zero, carry, borrow

4

D DINT |

| KnY | KnM | KnS |KnLM|

| o[ |

IL: DINC (D) Program steps
. Offset
Operand| Type Applicable elements addressing
C | | V| v

Operand description
D: Destination operand

Function description

Note

1. This instruction is a cyclic increase instruction. Range: -2147483648 ~

2147483647.

2. The supported range of C element: C200 ~ C255.

When the power flow is valid,

D increases 1.

Example

i 100001
DIHC i}

When X0 is ON, the value (100000) of (DO, D1) increases 1. After the
execution, (DO, D1) = 100001.

6.3.16 DDEC: Decrement Double Integer Instruction

LD X0

] DINC DO

LAD: Applicable to IVvC2 IVC1
*:'H i L]H-'-.\'—| B I Influenced flag bit | Zero, carry, borrow
IL: DDEC (D) Program steps 4
. Offset
Operand | Type Applicable elements addressing
D DINT | [ KnY [ KnM | KnS [KnLM | | D ] | C ] | V] N

Operand description
D: Destination operand

Function description

When the power flow is valid,

D decreases 1.

Note

This instruction is a cyclic decrease instruction. Range: -2147483648 ~

2147483647

Example

i 29995
DIDEC 18]

When X0 is ON, the value (100000) of (DO, D1) decreases 1. After the
execution, (DO, D1) = 99999.

LD X0

1 DDEC DO
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6.3.17

6.3.18

DVABS: Double Integer Absolute Value Instruction
LAD: Applicable to IVC2 IVC1
|-{:.‘r?]—| F—F v aks ]lw‘:‘.'n‘—| —finvans ] Influenced flag bit | Zero, carry, borrow
IL: DVABS (S) (D) Program steps 7
Operand | Type Applicable elements ad(?lzsszting
S DINT|Constant| KnX | KnY | KnM | KnS | KnLM | KnSM D SD C \Y N
D DINT KnY | KnM | KnS | KnLM D C \Y N
Operand description Example
S: Source operand 0 ~100000 100000 LD XO
D: Destination operand e 04 e ] DVABS DO D10
Function description When X0 is ON, get the absolute value (100000) of (DO, D1) and assign
When the power flow is valid, the result to (D10, D11). (D10, D11) = 100000.
get the absolute value of S
and assign the result to D.
Note
The range of S shall be
-2147483647 ~ 2147483647
When S is -2147483648, the
system will report operand
error, and the instruction will
not be executed.
DNEG: Negative Double Integer Instruction
LAD: Applicable to IVvC2 IVC1
\:\—'s— T R ﬁx}{—-‘—\ A" "% | Influenced flag bit | Zero, carry, borrow
IL: DNEG (S) (D) Program steps 7
Operand| Type Applicable elements addorzsszting
S DINT |[Constant|KnX| KnY | KnM | KnS | KnLM | KnSM D SD C \% N
D DINT KnY | KnM | KnS | KnLM D C \% N
Operand description Example
S: Source operand %0 100000 -100000 LD X0
D: Destination operand DFEG. DO Dio ] DNEG DO D10
Function description When X0 is ON, get the negative value (-100000) of (DO, D1), and assign

When the power flow is valid the result to (D10, D11 ) (D10, D11) =-100000.

get the negative value of S
and assign the result to D.

Note

The range of S shall be
-2147483647 ~ 2147483647.
When the value of S'is
-2147483648, the system will
report operand error, and the
instruction will not be
executed.
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6.3.19

SUM: Sum Integer Instruction
LAD: Applicable to IvC2 IvC1
|—| e mIE ._K_G,TJ]|—| i sLHY ¢=50)] | Influenced flag bit | Zero, carry, borrow
IL: SUM (S7) (S2) (D) Program steps 8
. Offset
Operand | Type Applicable elements addressing
S1 INT KnX | KnY | KnM | KnS | KnLM | KnSM D SD 4 N
S2 INT |Constant| KnX | KnY | KnM | KnS | KnLM | KnSM D SD 4 N
D DINT KnY | KnM | KnS | KnLM D N
Operand description Example
S1: Source operand, starting Mo 1000
; X ———— MoV +1000 0
unit of summing s LD SMO
S2 : Source operand, number {  mo¥ 2000 n MOV 1000 DO
of units to be summed up =000 MOV 2000 D1
o t M 3000 bz MOV 3000 D2
D: De§t|natlon operand, | —— 3300 MOV 4000 D3
summing result MOV 5000 D4
. L 5000
Function description [ mov sooo 4 LD XoO
i SUM DO 5 D100
When the power flow is valid, -xn [ s Ao 5 e ]

the contents of S2 units
starting with the starting unit
(S17) will be summed up, and
the summing result is
assigned to the D unit.

Note

1. The operation result of the
SUM instruction is a 32-bit
data.

2.0 < 82 < 255, or system will
report operand error..

3. Since D is a 32-bit data, the
carry and borrow flags are
constantly 0, and the zero flag
is determined by the final
summing result.

When X0 is ON, the integers of 5 elements starting form DO will be
summed up, and the result is assigned to (D100, D101), (D100, D101) =
DO+...+D4 = 15000.
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6.3.20

6.4

6.4.1

DSUM: Sum Double Integer Instruction
LAD: Applicable to IvC2 IvC1
|—| B 11 {ﬁ'_{)]|—| f—{ DEl®Y 75707 | Influenced flag bit | Zero, carry, borrow
IL: DSUM (S17) (S2) (D) Program steps 9
Operand | Type Applicable elements ad(?lzsszting
S1 DINT KnX| KnY | KnM | KnS | KnLM | KnSM D SD C V N
S2 INT |Constant| KnX| KnY | KnM | KnS | KnLM | KnSM D SD C T \% z N
D DINT KnY | KnM | KnS | KnLM D C \% N
Operand description Note
S1: Source operand, starting 0 < 82 < 255, or the system will report operand error.
unit of summing Example
$2: Source operand, number
Sha 100000 LD SMO
of data to be summed up MDY 100000 oo ] DMOV 100000 DO
D: destination operand, TT— %gGUU“ ]
summing result 300000 DMOV 200000 D2
) o MoV 300000 ) 1 DMOV 300000 D4
Function description ann
. . S e o ] DMOV 400000 D6
When the power flow is valid, S DMOV 500000 D8
the contents of S2 x 2 units ULLY QI ]
starting with the starting unit - e e LD X0
——{ D1smm DO 5 D100 ] DSUM DO 5 D100

(S17) will be summed up, and
the summing result is
assigned to the D unit.

When X0 is ON, the double integers of 5 x 2 units starting with DO will be
summed up, and the result is assigned to (D100, D101).

Floating-Point Number Math Instruction

RADD: Add Floating Point Number Instruction

LAD: Applicable to IvC2 IvC1
B RS WERR GBS, UGS MR USLY | Influenced flag bit | Zero, carry, borrow
IL: RADD (S7) (S2) (D) Program steps 10
Offset
o) d| T Applicable el t
peran ype pplicable elements addressing
S1 REAL [Constant D v N
S2 | REAL [Constant D v N
D REAL D v N

Operand description

S1: Source operand 1
S2: Source operand 2
D: Destination operand

Function description

1. When the power flow is
valid, add S71 and S2, and
assign the operation result to
D.

2. When the operation result
(D) is not within (-1.701412e

+ 038) ~ (1.701412e + 038), the carry flag bit (SM181) will be set. When
the operation result is 0, the zero flag bit (SM180) will be set.

Example
LD XoO

Xo =10000; 2, . 2000 500, , .-7999.70:; . .
Rl 2 o uiy 1" RADD DO D2 D10

When X0 is ON, add the value (-10000.2) of (DO, D1) and the value
(2000.5) of (D2, D3), and the result -7999.7 is assigned to (D10, D11).
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6.4.2 RSUB: Subtract Floating Point Number Instruction

6.4.3

LAD: Applicable to IvC2 IvCc1
|—| ipms—T BsKBY et |—| fe—  RSERY 75777 | Influenced flag bit | Zero, carry, borrow
IL: RSUB (S7) (S2) (D) Program steps 10
. Offset
Operand Type Applicable elements addressing
S1 REAL | Constant D v N
S2 REAL | Constant D v N
D REAL D v N
Operand description Example
. Xo =-10000, 2. . . 2000, 500, . . —-12000.7. ...
S1: Source operand 1 | s oo 3 B 1
S2: Source operand 2
LD XO

D: Destination operand
Function description

1. When the power flow is valid, S2 is subtracted
from 81, and the operation result is assigned to D.
2. When the operation result (D) is not within
(-1.701412e + 038) ~ (1.701412e + 038), the carry
flag bit (SM181) will be set. When the operation
result is 0, the zero flag bit (SM180) will be set.

RMUL: Multiply Floating Point Number Instruction

RSUB DO D2 D10

When X0 is ON, the value (2000.5) of (D2, D3) is

subtracted from the value (-10000.2) of (DO, D1),

and the result -12000.7 is assigned to (D10, D11).

LAD: Applicable to IVvC2 IVC1
— —{ RML (51 (52 o} Influenced flag bit | Zero, carry, borrow
IL: RMUL  (S7) (S2) (D) Program steps 10
Offset
O d{ T Applicable el t:
peran ype pplicable elements addressing
S1 REAL | Constant D v N
S2 | REAL | Constant D v N
D REAL D v N
Operand description Example
S1: Source operand 1 x0 -10000. 2. . . 2000, 500, . . ~2000540. . .
I—-—[ EMUL DO i jigti]
S2: Source operand 2 ]
LD XO

D: Destination operand
Function description

1. When the power flow is valid, ST multiplies S2,
and the operation result is assigned to D.

2. When the operation result (D) is not within
(-1.701412e + 038) ~ (1.701412e + 038), the carry
flag bit (SM181) will be set. When the operation
result is 0, the zero flag bit (SM180) will be set.

RMUL DO D2 D10

When X0 is ON, the value (-10000.2) of (DO, D1),
multiplies the value (2000.5) of (D2, D3), and the
result -20005400.0 is assigned to (D10, D11)
(actually the product is -20005400.1, but is rounded
off to the calculation precision).
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6.4.4 RDIV: Divide Floating Point Number Instruction

6.4.5

LAD:

Applicable to IVC2 IVC1

|—| g HOER .:ﬁ'.{)]|—| Je=+— RO 75707 | Influenced flag bit | Zero, carry, borrow

IL: RDIV  (S1) (S2) (D) Program steps 10
Offset
O dl T Applicable el t:
perand | Type pplicable elements addressing
S1 REAL [Constant D Vv N
S2 REAL [Constant D Vv N
D REAL D \% N

Operand description

S1: Source operand 1
S$2: Source operand 2
D: Destination operand

Function description

1. When the power flow is valid, 817 is divided by S2,
and the operation result is assigned to D (which
includes 4 units, with the first two storing the
quotient, the other two storing the remainder)

2. When the operation result (D) is not within
(-1.701412e + 038) ~ (1.701412e + 038), the carry
flag bit (SM181) will be set. When the operation
result is 0, the zero flag bit (SM180) will be set.

Note

S2 # 0, or the system will report “Divided by 0 error”,
and the RDIV instruction will not be executed.

Example

o 10000, 2., 2000, 500, . -4, 995650
EITV DO nz nio 1

LD XO

RDIV DO D2 D10

When X0 is ON, the value -10000.2 of (DO, D1) is
divided by the value 2000.5 of (D2, D3), and the
result -4.998850 is assigned to (D10, D11).

RSQT: Square Root Floating Point Number Instruction

LAD: Applicable to IVvC2 IVC1
|-.‘3_'.-J—| —m REOT ] |—.{;5?'|—| i) K&l ] | Influenced flag bit | Zero, carry, borrow
IL: RSQT (S) (D) Program steps 7
Offset
O d| T Applicable el t
peran ype pplicable elements addressing
S REAL |Constant D v N
D REAL D v N

Operand description

S: Source operand

D: Destination operand

Function description

1. When the power flow is valid, S is extracted, and
the operation result is assigned to D.

2. When the operation result (D) is 0, the zero flag
bit (SM180) will be set.

Note

S =0, or the system will report operand error, and
the instruction will not be executed.

Example

X 10000 20, . 100 000939
REEQT IO nin 1

LD Xo

RSQT DO D10

When X0 is ON, extract the value (10000.2) of (DO,
D1), and assign the result 100.000999 to (D10,
D11).
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6.4.6 RVABS: Floating Point Number Absolute Value Instruction

LAD:

|+é:51—| O HV AR ]|~f-’.‘54—| —fURVARS ]

Applicable to

IvC2 IVC1

Influenced flag bit

Zero, carry, borrow

IL: RVABS  (S) (D)

Program steps

7

Offset
O d{ T Applicable el t:
perand | Type pplicable elements addressing

S REAL [Constant D Vv N

D REAL D \% N
Operand description Example
S: Source operand | 0 -10000; 2, . . 10000, 20,

X . EVAES IO nin 1
D: Destination operand
LD XO

Function description

When the power flow is valid, get the absolute value
of S and assign the value to D.

6.4.7 RNEG: Negative Floating Point Number Instruction

RVABS DO D10

When X0 is ON, get the absolute value (10000.2) of
(DO, D1), and assign the result to (D10, D11).

LAD: Applicable to IvC2 IvC1
|-.f:‘,;]—| |—[f}j HREG ] +54~  ——7 LG ] | Influenced flag bit | Zero, carry, borrow
IL: RNEG (S) (D) Program steps 7
Offset
(0] d| T Applicable el t
peran ype pplicable elements addressing
S REAL [Constant D Y N
D REAL D v N
Operand description Example

S: Source operand
D: Destination operand

Function description

When the power flow is valid, get the negative value
of S and assign the result to D.

)
EWE: DO

LD XO

1000020, .. -10000. 2. .

RNEG DO D10
When X0 is ON, get the negative value -10000.2 of
(DO, D1) and assign the result to (D10, D11).

D10 ]
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6.4.8 SIN: Floating Point Number Sin Instruction

LAD:

|ﬁ:3—| 2 sin ][ 0 5T ]

Applicable to IVC2 IVC1

Influenced flag bit | Zero, carry, borrow

IL: SIN (S) (D) Program steps 7
. Offset

Operand | Type Applicable elements addressing

S REAL [Constant D Vv N

D REAL D \% N
Operand description Example
S: Source operand 10 1.570000  1.000000
D: Destination operand SIN Do nio ]
Function description LD X0

SIN DO D10

1. When the power flow is valid, get the SIN value of S
(unit: radian), and assign the result to D.

2. When the operation result (D) is 0, the zero flag bit
(SM180) will be set.

6.4.9 COS: Floating Point Number COS Instruction

When X0 is ON, get the SIN value of (DO, D1) =1.57,
and assign the value 1 to (D10, D11).

LAD: Applicable to IVvC2 IVC1
|-{;5;;|—| ) s ] |-":‘;4—| F——) 705 ] | Influenced flag bit | Zero, carry, borrow
IL: COS () (D) Program steps 7
) Offset
Operand | Type Applicable elements addressing
S REAL |Constant D v N
D REAL D v N
Operand description Example
S: Source operand 0 5140000 -0 939999
N I—-—[ cos IO nin
D: Destination operand ]
LD XO
Function description
COS DO D10

1. When the power flow is valid, get the COS value of
S (unit: radian), and assign the result to D.

2. When the operation result (D) is 0, the zero flag bit
(SM180) will be set.

When X0 is ON, get the COS value of (D0, D1) 3.14,
and assign the result -0.999999 to (D10, D11).
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6.4.10 TAN: Floating Point Number TAN Instruction

6.4.11

LAD: Applicable to IVC2 IVC1
t}q—:ﬁ— R R ﬁ\}fr'-—‘ AT TR, Influenced flag bit | Zero, carry, borrow
IL: TAN (S) (D) Program steps 7
Offset
O d{ T Applicable el t
perand | Type pplicable elements addressing
S REAL |Constant D Y N
D REAL D \% N
Operand description Example
S: Source operand %0 1570000 1255 848 LD Xo
WX 2 ] TAN DO D10

D: Destination operand
Function description

1. When the power flow is
valid, get the TAN value of S
(unit: radian), and assign the
result to D.

2. When the operation result
(D) is not within (-1.701412e
+038) ~ (1.701412e + 038),
the carry flag bit (SM181) will
be set. When the operation
result is 0, the zero flag bit
(SM180) will be set.

When X0 is ON, get the TAN value of (DO, D1) 1.57, and assign the result
1255.848398 to (D10, D11).

POWER: Floating Point Number Exponentiation Instruction

LAD: Applicable to IVC2 IvVC1

|—| it LUWHE osd ] |—| F=t— POFE 75707 | Influenced flag bit | Zero, carry, borrow

IL: POWER (S1) (S2) (D) Program steps 10

Operand | Type Applicable elements ad(?rfersszting
S1 | REAL [Constant D v v
S2 | REAL [Constant D v v
D REAL D v v

Operand description

S1: Source operand 1
S2: Source operand 2
D: Destination operand

Function description

1. When the power flow is
valid, get the S2th power of
S1, and assign the result to D.
2. When the operation result
(D) is not within
(-1.701412e+038) ~
(1.701412e+038), the carry
flag bit (SM181) will be set.

3. When the operation result
is 0, the zero flag bit (SM180)
will be set.

Example
LD XO

| %0 S5.000000 3000000  1B837S.0..
POWEE D0 12 Mo 1
POWER DO D2 D10

When X0 is ON, get the (D2, D3)th power of (DO, D1) (i.e. 55.0°°), and
assign the result 166375.0 to (D10, D11).

Note
1. When 871 =0 and S2 <0, the system will report operand error, and the
instruction will not be executed.

2. When 81 < 0 and the mantissa of S2is not 0, the system will report
operand error, and the instruction will not be executed.

IVC Series Small PLC
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6.4.12 LN: Floating Point Number LN Instruction
LAD: Applicable to IvC2 IvC1
|-{:5;;|—| i) Lk ] |-‘:‘H—| ) [ ] | Influenced flag bit | Zero, carry, borrow
IL: LN (S) (D) Program steps 7
. Offset
Operand| Type Applicable elements addressing
S REAL [Constant D v N
D REAL D \% N
Operand description Example
S: Source operand 10 1000000, ... 6. 807755 LD X0
| wL R B oA LN DO D10

6.4.13

D: Destination operand

Function description

6.907755 to (D10, D11).

1. When the power flow is
valid, get the LN value of S§1,
and assign the result to D.

2. When the operation result
(D) is not within
(-1.701412e+038) ~
(1.701412e+038), the carry
flag bit (SM181) will be set.
When the operation result is 0,
the zero flag bit (SM180) will

When X0 is ON, get the LN value of (DO, D1) 1000.0, and assign the result

be set.
EXP: Floating Point Number EXP Instruction
LAD: Applicable to IVC2 IvVC1
t‘{'ﬁ— A e HE\*':'H—‘ "—3I7 W% 7 | Influenced flag bit | Zero, carry, borrow
IL: EXP (S) (D) Program steps 7
Offset
O d| T Applicable el t
peran ype pplicable elements addressing
S REAL | Constant D v N
D REAL D V N
Operand description Example
S: Source operand 0 10000000 22026, 46, . LD X0
o ——{ EF W0 il 1 EXP DO D10
D: Destination operand

Function description

result 22026.464844 to (D10, D11).

1. When the power flow is
valid, get the EXP value of S,
and assign the result to D.

2. When the operation result
(D) is not within
(-1.701412e+038) ~
(1.701412e+038), the carry
flag bit (SM181) will be set.
When the operation result is 0,
the zero flag bit (SM180) will
be set.

When X0 is ON, get the EXP value of (DO, D1) “10.0”, and assign the
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6.4.14 RSUM: Sum Floating Point Number Instruction
LAD: Applicable to IVC2 IVC1
}\—\ VS RERMR U \_h‘ Vg5 R V30T | Influenced flag bit | Zero, carry, borrow
IL: RSUM (S17) (S2) (D) Program steps 9
. Offset
Operand | Type Applicable elements addressing
S1 REAL D \Y N
S2 INT |Constant|KnX| KnY | KnM | KnS | KnLM | KnSM D \Y N
D REAL D Vv N
Operand description Note
S1: Source operand, starting 1. 0 £ 82 < 255, or the system will report operand error.
unit of summing 2. When overflow occurs, the summing operation will stop.
S2: Source operand, number Example
of units to be summed up
o amo 10000, 09, .. LD SMO
D: Destination operand, ———{ GEMOY 1000001 IO
summing result e A RMOV 10000.1 DO
H EMOY 200002 oz ] RMOV 20000.2 D2
Function description 30000, 30: . .
U EMOV 3000003 D4 1 RMOV 30000.3 D4
When the power flow is valid, i —— RMOV 400004 D6
i I EmOv 4000004 I8 ] ’
the cj‘onter.ﬂs of S? x 2 units i RMOV 500005 D8
starting with S7 will be [ omov osooons s ] D X0
summed up, and the floating 0 {0000 da. 1500015,
point number summing result —S—{ RS 10 5 AR 1 RSUM DO 5
is assigned to the D unit. D100
When X0 is ON, the floating point numbers of the 5 x 2 units starting with
DO will be summed up, and the result is assigned to (D100, D101). (D100,
D101) = (DO, D1) + ... + (D8, D9) = 150001.5.
6.5 Data Converting Instruction
6.5.1 DTI: Double Integer To Integer Instruction

LAD:

L, 2 L —— - P S Tt e
"J{"T_"-. T, ‘_\'\..\, SEDOWIN N ;'{""'"_"'\-.... . "-_1\,\. I'I.jl' W

Applicable to IVC2 IVC1

Influenced flag bit | Zero, carry, borrow

IL: DTI  (S) (D) Program steps 6
Offset
O d T Applicable el t
peran ype pplicable elements addressing
S DINT |Constant| KnX| KnY | KnM | KnS | KnLM | KnSM D SD C V N
D INT KnY | KnM | KnS | KnLM D C T \ 4 N
Operand description Note

S: Source operand
D: Destination operand

Function description

When the power flow is valid,
S will be converted from
double integer to integer, and
the result is assigned to D.

When S is not within —32768 ~ 32767, the system will report operand error
and will not execute the conversion. D will not change.

Example
b1 10000 10000 LD XO
l—-—< ITI IO nio ]
DTI DO D10

When X0 is ON, (DO, D1) 10000 will be converted from double integer to
integer and the result 10000 is assigned to D10.
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6.5.2 ITD: Integer To Double Integer Instruction
LAD: Applicable to IvC2 IvC1
WA B ‘h“r"*r'-—‘ A Influenced flag bit | Zero, carry, borrow
IL: ITD (S) (D) Program steps 6
) Offset
Operand | Type Applicable elements addressing
S INT |[Constant| KnX| KnY | KnM | KnS | KnLM | KnSM D SD C T \% z N
D DINT KnY | KnM | KnS | KnLM D C \% N
Operand description integer to double integer, and the result is assigned to D.
S: Source operand Example
D: Destination operand 0 1000 1000 LD X0
ITD D0 o 1
Function description ITD DO D10
When the power flow is valid, When X0 is ON, DO (1000) will be converted from integer to double integer,
S will be converted from and the result 1000 is assigned to (D10, D11).
6.5.3 FLT: Integer To Floating Point Number Instruction
LAD: Applicable to IVC2 IvVC1
t}q—rﬁ— e R “\}\*r':-r'-—* A T Influenced flag bit | Zero, carry, borrow
IL: FLT (S) (D) Program steps 6
. Offset
Operand | Type Applicable elements addressing
S INT |Constant| KnX |KnY | KnM | KnS | KnLM | KnSM D SD C T Vv z N
D REAL D V N
Operand description Example
S: Source operand | %0 10005 10005, 00, . LD
D: Destination operand FLT D0 - ! X0
. _n FLT
Function description
DO
When the power flow is valid, D10
S will be converted from
inteqer to floating point When X0 is ON, DO (10005) will be converted from integer to floating point
9 gp i number, and the result 10005.0 is assigned to (D10, D11).
number, and the result is
assigned to D.
6.5.4 DFLT: Double Integer To Floating Point Number Instruction

LAD: Applicable to IVvC2 IVC1
-—-ﬁ”"‘""_?—v-—- " _'*.:'-'- Influenced flag bit | Zero, carry, borrow
IL: DFLT (S) (D) Program steps 7
Operand | Type Applicable elements addorzssiting
S DINT |Constant| KnX| KnY | KnM | KnS | KnLM | KnSM D SD C \% N
D REAL D \ N

Operand description

S: Source operand
D: Destination operand

Function description

When the power flow is valid,
S will be converted from

double integer to floating point number, and the result is assigned to D.

Example
i 100000 100000, a. .. LD XO
| - s el DFLT DO D10

When X0 is ON, (DO, D1) 100000 will be converted from integer to floating
point number, and the result 100000.0 is assigned to (D10, D11).
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6.5.5 INT: Floating Point Number To Integer Instruction
LAD: Applicable to IvC2 IVC1
—-aﬁ"”?_-w—f—-—aﬁf',/f < Influenced flag bit | Zero, carry, borrow
IL: INT (S) (D) Program steps 6
Operand | Type Applicable elements ad:j)rzsszting
S REAL [Constant D Y N
D INT KnY | KnM | KnS | KnLM D C T \% z N
Operand description Note
S: Source operand When S > 32767, D=32767. When S<-32768, D = -32768, and at the
D: Destination operand same time the carry (overflow) flag bit will be set.
Function description Example
1. When the power flow is 0 10000, 50, . 10000 LD X0
valid, S will be converted from i —{ I o T ] INT DO D10
floating point number to When X0 is ON, (D0, D1) 10000.5 will be converted from floating point
integer, and the result is number to integer and the result 10000 is assigned to D10.
assigned to D.
2. This instruction affects the
zero flag and borrow flag.
When the conversion result is
0, the zero flag will be set.
When the result rounds off
the decimal fraction, the
borrow flag will be set. the
carry (overflow) flag will be
set.
6.5.6 DINT: Floating Point Number To Double Integer Instruction

LAD: Applicable to IVC2 IvC1
~'}<' i, ey NS, v Y Influenced flag bit | Zero, carry, borrow
IL: DINT (S) (D) Program steps 7
. Offset
Operand | Type Applicable elements addressing
S REAL |Constant D v N
D DINT KnY | KnM | KnS |KnLM D C \ N

Operand description

S: Source operand
D: Destination operand

Function description

1. When the power flow is
valid, S will be converted from
floating point number to
double integer, and the result
is assigned to D.

2. When the conversion result
is 0, the zero flag will be set.
When the result rounds off
the decimal fraction, the

borrow flag will be set. When the result exceeds the range of the double
integer, the carry (overflow) flag will be set.

Note

When S > 2147483647, D = 2147483647. When S < -2147483648, D =
-2147483648, and at the same time the carry (overflow) flag will be set.

Example

20
DINT

100000, 5. . . 100000

Do 1o

LD X0

] DINT DO D10

When X0 is ON, (DO, D1) 100000.5 will be converted from floating point
number to double integer, and the result 100000 is assigned to (D10,

D11).
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6.5.7 BCD: Word To 16-Bit BCD Instruction

6.5.8

LAD: Applicable to IvC2 IvCc1
B e f—r—r—_ﬁ‘f" _-+ Influenced flag bit | Zero, carry, borrow
IL: BCD (S) (D) Program steps 5
Offset
o d| T Applicable el t
peran ype pplicable elements addressing
S WORD | Constant| KnX [KnY | KnM | KnS | KnLM | KnSM D SD C T \Y 4 N
D WORD KnY | KnM | KnS | KnLM D C T \ 4 N
Operand description Note

S: Source operand. S <9999
D: Destination operand

Function description

When the power flow is valid,
S will be converted from
integer to 16-bit BCD code,
and the result is assigned to
D.

When S > 9999, the system will report operand error and will not execute
the instruction, and D will not change.

Example
LD XO

I—%—< ECD
BCD DO D10

When X0 is ON, DO 0x0DO05 (3333) will be converted from integer to 16-bit
BCD code, and the result 0x3333 (13107) is assigned to D10.

3333
i}

13107
nio ]

DBCD: Double Word To 32-Bit BCD Instruction

LAD: Applicable to IVC2 IvC1
= . i Influenced flag bit | Zero, carry, borrow
IL: DBCD (S) (D) Program steps 7
Offset
O d| T Applicable el t
peran ype pplicable elements addressing
S DWORD | Constant| KnX | KnY | KnM | KnS | KnLM | KnSM D SD C \Y N
D DWORD KnY | KnM | KnS | KnLM D C \Y N
Operand description Note

S: Source operand, S <
99999999

D: Destination operand
Function description

When the power flow is valid,
S will be converted from
integer to 32-bit BCD code,
and the result is assigned to
D.

When S > 99999999, the system will report operand error and will not
execute the instruction, and D will not change.

Example
LD XO

il
l—'—[ R DBCD DO D10

When X0 is ON, (D0, D1) 0x3F940AA (66666666) will be converted from
double integer to 32-bit BCD code, and the result 0x66666666
(1717986918) is assigned to (D10, D11).

BREEEEEE  1TITIEE9LE
i} D10 ]
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6.5.9 BIN: 16-Bit BCD To Word Instruction

LAD: Applicable to IVC2 IVC1
e . L i Influenced flag bit | Zero, carry, borrow
IL: BIN (S) (D) Program steps 5
Offset
(@] d|l T Applicable el t
peran ype pplicable elements addressing
S WORD|Constant| KnX| KnY | KnM | KnS | KnLM | KnSM D SD C T \ A N
D WORD KnY | KnM | KnS | KnLM D C T \% Z N
Operand description Note

S: Source operand, the data
format of S must match the
BCD code format

D: Destination operand

Function description

When the power flow is valid,
S will be converted from
16-bit BCD code to integer,
and the result is assigned to
D.

When the data format of S does not match the BCD code format, the
system will reports illegal operand and will not execute the instruction, and
D will not change.

Example

LD XO
BIN DO D10

5555
10 ]

10 21845

BIN Jiln}

3

When X0 is ON, DO 0x5555 (21845) will be converted from 16-bit BCD
code to integer, and the result 0x15B3 (5555) is assigned to D10.

6.5.10 DBIN: 32-Bit BCD To Double Word Instruction

LAD: Applicable to IVvC2 IVC1
k TR = Influenced flag bit | Zero, carry, borrow
IL: DBIN (S) (D) Program steps 7
Offset
O d| T Applicable el t
peran ype pplicable elements addressing
S DWORD | Constant| KnX | KnY | KnM | KnS |KnLM| KnSM D SD Vv N
D DWORD KnY | KnM | KnS |KnLM D \ N
Operand description Note

S: Source operand
D: Destination operand

Function description

1. When the power flow is
valid, S will be converted from
16-bit BCD code to double
integer, and the result is
assigned to D.

2. The data format of S must
match the BCD code format.

When the data format of S does not match the BCD code format, the
system will report operand error and will not execute the instruction, and D
will not change.

Example
] 25TEQS03TT 99999999 LD X0
IEIN IO D10 ] DBIN DO D10

When X0 is ON, (D0, D1) 0x99999999 (2576980377) will be converted
from 32-bit BCD code to double integer, and the result OX5F5EOQFF
(99999999) is assigned to (D10, D11).
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6.5.11 GRY: Word To 16-bit Gray Code Instruction

6.5.12

LAD: Applicable to IvC2 IvC1
ol . . Influenced flag bit | Zero, carry, borrow
IL: GRY (S) (D) Program steps 5
) Offset
Operand | Type Applicable elements addressing
S WORD|Constant| KnX | KnY | KnM | KnS | KnLM | KnSM D SD C T \% z N
D WORD KnY | KnM | KnS | KnLM D C T \% 4 N

Operand description

S: Source operand
D: Destination operand

Function description

When the power flow is valid,
S will be converted from
integer to 16-bit Gray code,
and the result is assigned to
D.

Example

yalp 43690 £5535 LD X0
GRY TN 110 ] GRY DO D10

When X0 is ON, DO OxAAAA (43690) will be converted form integer to
16-bit Gray code, and the result OXFFFF (65535) is assigned to D10.

DGRY: Double Word To 32-Bit Gray Code Instruction
LAD: Applicable to IVC2 IVC1
e - Influenced flag bit | Zero, carry, borrow
IL: DGRY (S) (D) Program steps 7
Offset
O d| T Applicable el t
peran ype pplicable elements addressing
S DWORD | Constant| KnX | KnY | KnM | KnS | KnLM | KnSM D SD C Vv N
D DWORD KnY | KnM | KnS | KnLM D C \Y N
Operand description Example
S: Source operand b 2200E49224 34359T3E36 LD X0
. @m—{ DSRY IO nio ]

D: Destination operand
Function description

When the power flow is valid,
S will be converted from
integer to 32-bit Gray code,
and the result is assigned to
D.

DGRY DO D10

When X0 is ON, (D0, D1) 0x88888888 (2290649224) will be converted
from double integer to 32-bit Gray code, and the result 0OXCCCCCCCC
(3435973836) is assigned to (D10, D11).
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6.5.13 GBIN: 16-Bit Gray Code To Word Instruction

6.5.14

LAD: Applicable to IVC2 IVC1
% - Influenced flag bit | Zero, carry, borrow
IL: GBIN (S) (D) Program steps 5
Offset
(0] d| T Applicable el t
peran ype pplicable elements addressing

S WORD | Constant | KnX |[KnY | KnM | KnS | KnLM | KnSM D SD (o} T V VA N

D WORD KnY | KnM | KnS | KnLM D C T Y V4 N
Operand description Example
S: Source operand | %0 BE535 43690 LD X0
D: Destination operand L 2 ] GBIN D0 D10

Function description

When the power flow is valid,
S will be converted from
16-bit Gray code to integer,
and the result is assigned to
D.

When X0 is ON, DO OxFFFF (65535) will be converted from 16-bit Gray
code to integer, and the result 0XAAAA (43690) is assigned to D10.

DGBIN: 32-Bit Gray Code To Double Word Instruction
LAD: Applicable to IVC2 IvC1
J s Influenced flag bit | Zero, carry, borrow
IL: DGBIN (S) (D) Program steps 7
Offset
O d T Applicable el t:
peran ype pplicable elements addressing
S DWORD|Constant| KnX [ KnY | KnM | KnS | KnLM | KnSM D SD C \% N
D DWORD KnY | KnM | KnS | KnLM D C \% N
Operand description Example

S: Source operand
D: Destination operand

Function description

When the power flow is valid,
S will be converted from
32-bit Gray code to double
integer, and the result is
assigned to D.

LD XO
DGBIN DO D10

S4359TIEI0 200540224
ill] D10 ]

*0
DGETH

When X0 is ON, (DO, D1) 0OxCCCCCCCC (3435973836) will be converted
from 32-bit Gray code to double integer, and the result 0x88888888
(2290649224) is assigned to (D10, D11).
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6.5.15

6.5.16

SEGI: Word To 7-Segment Encode
LAD: Applicable to IVvC2 IVC1
| R v A Influenced flag bit | Zero, carry, borrow
IL: SEG (S) (D) Program steps 5
Offset
(0] d| T Applicable el t
perand | Type pplicable elements addressing
S WORD|Constant| KnX| KnY | KnM | KnS | KnLM | KnSM D SD C T \% z N
D WORD KnY | KnM | KnS | KnLM D C T \% z N
Operand description Note

S: Source operand, S <15
D: Destination operand

Function description Example

When the power flow is valid,
S will be converted from
integer to 7-segment code,
and the result is assigned to

e
SEG

When X0 is ON, DO 0xOF (15) will be converted from integer to 7-segment
code, and the result 0x71 (113) is assigned to D10.

When S$>15, the system reports illegal operand and will not execute the
instruction, and D will not change.

LD Xo
SEG DO D10

15 113
0 D10 ]

D.
ASC: ASCII Code Conversion Instruction
LAD: Applicable to IVC2 IVC1
et T St L . R Influenced flag bit | Zero, carry, borrow
IL: ASC (S1~ S8) (D) Program steps 19
Offset
O df T Applicable el t
peran ype pplicable elements addressing
S1 WORD | Constant
S2 WORD | Constant
S3 WORD | Constant
S4 WORD | Constant
S5 WORD | Constant
S6 WORD | Constant
S7 WORD | Constant
S8 WORD | Constant
D WORD D C T v z N
Operand description Example
S1~ S8 : Source operand (If the number is less than 8, | o 12549
ASC 12345675 dd 1
the remaining elements shall be filled with 0)
LD MO

Only characters with ASCII code of 0x21 ~ Ox7E are
supported (input through keyboard, if the number is
less than 8, fill in with 0X00)

D: destination operand

Function description

When the power flow is valid, the string S7 ~ S8 will be
converted to ASCII code, and the result is assigned to
the elements starting with D. When SM186 isOFF, the
high/low byte of each D element will store two ASCII
code data. When SM186 is ON, the low byte of each D
element will store 1 ASCII code data.

ASC 12345678 DO
When MO is ON, execute the ASCII conversion, and
the data will be stored in two modes:
® When SM186 is OFF, the execution result is:
D0=0x3231, D1=0x3433, D2=0x3635,
D3=0x3837.
® When SM186 is ON, the execution result is:
D0=0x31, D1=0x32, D2=0x33, D3=0x34,
D4=0x35, D5=0x36, D6=0x37, D7=0x38.
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6.5.17 ITA: Hexadecimal Integer-ASCII Conversion Instruction
LAD: Applicable to IVC2 IVC1
L LT w . 5 Influenced flag bit | Zero, carry, borrow
IL: ITA  (S1) (D) (S2) Program steps 7
. Offset
Operand | Type Applicable elements addressing
S1  |WORD|Constant| KnX| KnY | KnM | KnS |KnLM |KnSM| D SD Cc T \Y% z N
D WORD KnY | KnM | KnS | KnLM D Cc T \Y% z N
S2 WORD|Constant| KnX | KnY | KnM | KnS | KnLM [ KnSM D SD C T \Y 4 N
Operand description Example

S1: Conversion source, hexadecimal data
D: destination operand.
S2: number of ASCII codes, 1 < §2 <256

Function description

When the power flow is valid, the hexadecimal data
starting with S71 element will be converted to S2 ASCII
codes, and the result is assigned to the elements
starting with D. When SM186 is OFF, the high/low byte
of each D element will store two ASCII code data.
When SM186 is ON, the low byte of each D element
will store 1 ASCII code data.

Note

1. When 87 and D use Kn addressing, Kn=4.

2. When S2is not within 1 ~ 256, the system will report
operand error and will not execute the instruction, and
D will not change.

3. If 81 is a constant, S2 will be regarded as 4 by
default when S2 = 4, and the system will not report
operand error.

Mo 14393
ITA 16#9876 Dz0 g ]

Source data: 0x9876
LD MO
ITA 16#9876 D20 6
When MO0 is ON, execute ITA conversion, the data will
be stored in two modes:
® |f SM186=0FF, the execution result is: D20 =
0x3839, D21 = 0x3637.
® |f SM186=0N, the execution result is D20 =
0x39, D21 = 0x38, D22 = 0x37, D23 = 0x36.
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6.5.18 ATI: ASCIl-Hexadecimal Integer Conversion Instruction
LAD: Applicable to IVvC2 IVC1
i oot e : Influenced flag bit | Zero, carry, borrow
IL: ATI  (S1) (D) (S2) Program steps 7
Offset
O d| T Applicable el t
peran ype pplicable elements addressing
S1 WORD|Constant| KnX [ KnY | KnM | KnS | KnLM | KnSM D SD C T Vv z N
D WORD KnY | KnM | KnS | KnLM D C T Vv Zz N
S2 WORD|Constant| KnX [ KnY | KnM | KnS | KnLM | KnSM D SD C T Vv z N

Operand description

report operand error and will not execute the
instruction, and D will not change.

S1: conversion source, ASCII code data 0x30 < S1
< 0x39 or 0x41 < S1 < 0x46 (when SM186 is OFF,
the high byte and low byte of S1 shall both be within

3. If S1is a constant, S2 will be regarded as 2 by
default when SM186 is OFF and S2 = 2, or as when

this range)
D: destination operand.

S2: Number of ASCII codes; 1 < §2 < 256

Function description

When the power flow is valid, the S2 ASCII code

data starting with S71 element will be converted to
hexadecimal data, and the result will be stored in
the elements starting with D in every 4 bits. When

SM186 is ON and S2 = 1, and the system will not
report operand error.

Example

I_L M omo. o 4 ]
LD MO

ATl D10 D30 4

Source data: D10 = 0x3938, D11 = 0x3736, D12 =
0x3534, D13 = 0x3332

SM186 is OFF, the high/low byte of each D element

will store two ASCII code data. When SM186 is ON,
the low byte of each D element will store 1 ASCII

code data.

Note

When MO is ON, the ATI conversion will be
executed. According to the data storing mode, the
results are as follows:

® |[f SM186 is OFF, the result is: D30 = 0x8967.
® |[f SM186 is ON, the result is: D30=0x8642.

1. When S1 is not within 0x30 ~ 0x39 or 0x41 ~
0x46, or S2 is not within 1 ~ 256, the system will

6.6 Word Logic Operation

6.6.1 WAND: AND Word Instruction

LAD: Applicable to IVC2 IVC1
LT o Influenced flag bit
IL.: WAND (S1 (S2) (D) Program steps 7
Offset
Operand | Type Applicable elements )
addressing
S1 WORD | Constant| KnX|KnY | KnM | KnS | KnLM | KnSM D SD C T V Z v
S2 WORD | Constant| KnX|KnY | KnM | KnS | KnLM | KnSM D SD C T \ V4 v
D WORD KnY| KnM | KnS | KnLM D C T vV Y4 v
Operand description AND operation, and the result is assigned to D.
S1: Source operand 1 Example
§2: Source operand 2 0 45738 3TETE 37378 LD X0
D: destinati d WAHD DO o1 D10 ] WAND
. destination operan DO D1 D10

Function description

When the power flow is valid,
S1 and S2 will conduct logic

When X0 is ON, DO 2#1011011010010011 (46739) and D1
2#1001001100101110 (37678) will conduct logic AND operation, and the result
2#1001001000000010 (37378) is assigned to D10.
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6.6.2

6.6.3

WOR: OR Word Instruction

LAD: Applicable to IVC2 IVC1
e T Y Al Tl il
r * - s Influenced flag bit
IL: WOR (81) (S2) (D) Program steps 7
Offset
Operand | Type Applicable elements se.
addressing
S1 WORD |Constant| KnX |KnY | KnM | KnS |[KnLM | KnSM D SD C T Y4 \
S2 WORD |Constant| KnX |KnY | KnM |KnS |KnLM | KnSM D SD C T Y4 \
D WORD KnY | KnM | KnS [KnLM D C T Z \
Operand description Example
S1: Source operand 1 X0 46739 37678 47033
I—-—[ WOR IO It 110 ] WOR DO D1

S2: Source operand 2
D: destination operand

Function description

When the power flow is valid,
81 and S2 will conduct logic
OR operation, and the result
is assigned to D.

WXOR: Exclusive-OR Word Instruction

When X0 is ON, D0 2#1011011010010011 (46739) and D1
2#1001001100101110 (37678) will conduct logic OR operation, and the result
2#1011011110111111 (47039) is assigned to D10.

LAD: Applicable to IVC2 IVC1
e T i = o
’ Influenced flag bit
IL: WXOR (S1 (S2) (D) Program steps 7
) Offset
Operand | Type Applicable elements )
addressing
S1 WORD | Constant| KnX [KnY | KnM | KnS | KnLM | KnSM D SD C T Z \
S2 WORD | Constant| KnX [KnY | KnM | KnS | KnLM | KnSM D SD C T Y4 \
D WORD KnY | KnM | KnS | KnLM D C T 4 \
Operand description Example
S1: Source operand 1 | L e R e LD X0
ey L B ! WXOR DO D1 D10

S2: Source operand 2

When X0 is ON, DO 2#1011011010010011 (46739) and D1
2#1001001100101110 (37678) will conduct logic exclusive OR operation, and
the result 2#0010010110111101 (9661) is assigned to D10.

D: destination operand
Function description

When the power flow is valid,
S1 and S2 will conduct logic
exclusive OR operation, and
the result is assigned to D.
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6.6.4 WINV: NOT Word Instruction
LAD: Applicable to IVC2 IVC1
' Influenced flag bit
IL: WINV  (S) (D) Program steps 5
Operand | Type Applicable elements Offset
|
P yp PP addressing
S WORD | Constant| KnX| KnY | KnM | KnS |[KnLM | KnSM D SD C T V Y4 \
D WORD KnY | KnM | KnS |KnLM D C T \Y z \
Operand description Example
S: Source operand il 48739 18798 LD X0
WINV D0 010

6.6.5

D: destination operand
Function description

When the power flow is valid,
conduct logic NOT operation
on S, and assign the result to
D.

DWAND: AND Double Word Instruction

When X0 is ON, conduct logic NOT operation on DO (46739), and assign the
result 18796 to D10.

LAD: Applicable to IVC2 IVC1
T o i il = Influenced flag bit
IL.: DWAND (S1 (S1) (D) Program steps 10
Offset
Operand | Type Applicable elements )
addressing
S1 DWORD | Constant| KnX| KnY | KnM | KnS |KnLM| KnSM D SD C Vv \
S2 DWORD | Constant| KnX| KnY | KnM | KnS |KnLM| KnSM D SD C Vv \
D DWORD KnY | KnM | KnS |[KnLM D C ) v
Operand description Example
LD Xo

S1: Source operand 1
S2: Source operand 2

il 2097282306 9TE0TT4T 941097234
DORAND T nz nin 1

DWAND DO D2D10

When X0 is ON, (DO, D1) 2#10110010101001101110011001010010
(2997282386) and (D2, D3) 2#00111010001110110011000100110011

D: destination operand
Function description
When the power flow is valid,
S1and S2 will conduct logic D11).

AND operation, and the
result is assigned to D.

(976957747) will conduct the logic AND operation, and the result
2#00110010001000100010000000010010 (841097234) is assigned to (D10,
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6.6.6 DWOR: OR Double Word Instruction

6.6.7

LAD: Applicable to IVC2 IVC1
MRS . - = Influenced flag bit
IL.: DWOR (S1) (S2) (D) Program steps 10
Operand | Type Applicable elements Offset
i
P yp PP addressing
S1 DWORD | Constant| KnX | KnY |[KnM| KnS | KnLM | KnSM D SD C V \
S2 DWORD | Constant| KnX | KnY |[KnM| KnS | KnLM | KnSM D SD C V \
D DWORD KnY |KnM| KnS | KnLM D C V \
Operand description Example
LD XoO

S1: Source operand 1
S2: Source operand 2
D: destination operand

Function description

When the power flow is
valid, S7 and S2 will
conduct logic OR
operation, and the result
is assigned to D.

X 20997282386 ITEOSTT4T 3133142899
ks 18 L ULl ] DWOR DO D2 D10

When X0 is ON, (D0, D1) 2#10110010101001101110011001010010 (2997282386)
and (D2, D3) 2#00111010001110110011000100110011 (976957747) will conduct
logic OR operation, and the result 2#10111010101111111111011101110011
(3133142899) is assigned to (D10, D11).

DWXOR: Exclusive-OR Double Word Instruction

LAD: Applicable to IVC2 IVC1
i o i
' ’ Influenced flag bit
IL.: DWXOR (S1 (S2) (D) Program steps 10
Offset
Operand | Type Applicable elements )
addressing
S1 DWORD | Constant| KnX | KnY [KnM| KnS | KnLM | KnSM D SD C \Y \
S2 DWORD | Constant| KnX | KnY [KnM| KnS | KnLM | KnSM D SD C V \
D DWORD KnY |[KnM| KnS | KnLM D C Vv \
Operand description Example
§1: Source operand 1 | X0 2997262386 '9TEOSTTAT 2292045665 IISSVXOR )é% D2
S2: Source operand 2 pLet 0z T ] D10

D: destination operand

Function description

When the power flow is valid,
81 and S2 will conduct logic
exclusive OR operation, and

the result is assigned to D.

When X0 is ON, (DO, D1) 2#10110010101001101110011001010010
(2997282386) and (D2, D3) 2#00111010001110110011000100110011
(976957747) will conduct logic exclusive OR operation, and the result
2#10001000100111011101011101100001 (2292045665) is assigned to (D10,
D11).
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6.6.8 DWINV: NOT Double Word Instruction

LAD: Applicable to IVC2 IVC1
il - Influenced flag bit
IL: DWINV (S) (D) Program steps 7
Offset
Operand | Type Applicable elements se‘
addressing
S DWORD | Constant| KnX|KnY | KnM | KnS | KnLM |KnSM| D SD C V v
D DWORD KnY | KnM | KnS | KnLM D Cc \ \
Operand description Example
LD XO

S: Source operand
D: destination operand

X0
IWTHY

Z9OTZGE300 120THE4003

10 DWINV DO D10

When X0 is ON, logic NOT operation will be conducted on (DO, D1)

Function description

When the power flow is valid,
logic NOT operation will be
conducted on S, and the
result is assigned to D.

6.7 Shift / Rotate Instruction

D11).

6.7.1 ROR: 16-Bit Circular Shift Right Instruction

2#10110010101001101110011001010010 (2997282386), and the result
2#01001101010110010001100110101101 (1297684909) is assigned to (D10,

LAD: Applicable to IVC2 IVC1
" Influenced flag bit Carry flag SM181
IL: ROR (S817) (D) (S2) Program steps 7
) Offset
Operand | Type Applicable elements )
addressing
S1 WORD | Constant| KnX| KnY | KnM | KnS | KnLM [KnSM| D SD C T V Z v
D WORD KnY | KnM | KnS | KnLM D C T \ Y4 v
S2 INT |[Constant| KnX| KnY | KnM | KnS | KnLM |[KnSM| D SD C T \ Y4 v
Operand description Example
LD MO
. Mo D269 47555
S1: SOL.JI'CG. operand 1 o O = . 1 ROR DO D10 3
D: destination operand
. Before Rotate rightward 3 bits
S2: Source operand 2 MSB LSB
Function description |"|1 [1]ofo[1[1]o[1]1[o]o0 1 |0|1I [0]1 ?—|
When the power flow is - 5 :-‘J
valid, the data of S7 will After :__
rotate rightward for S2 bits, MSB LSB |
. . ~M1Jof1[1]1JoJo[1J1Jo]1]1]JoJo]1]0]
and the result is assigned ! !
to D. At the same time the :
SM181 -

highest bit of the S2 bits will

be stored into the carry flag
(SM181).

Note

1.82=0.

2. When S1 uses Kn
addressing, Kn must be
equal to 4.

When MO is ON, DO 2#1100110110010101 (52629) rotates rightward for 3 bits,
and the result 2#1011100110110010 (47538) is assigned to D10. The highest bit
of the 3 bits is stored into the carry flag. SM181 is ON.
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6.7.2 ROL: 16-Bit Circular Shift Left Instruction

LAD: Applicable to IVC2 IVC1
ok : Influenced flag bit| Carry
IL: ROL (S1) (D) (S2) Program steps 7
Offset
Operand | Type Applicable elements se.
addressing
S1 WORD | Constant| KnX| KnY | KnM | KnS | KnLM | KnSM | D SD ] T \Y Z \
D WORD KnY | KnM | KnS | KnLM D C T V Z \
S2 INT |Constant| KnX| KnY | KnM | KnS | KnLM | KnSM | D SD C T V Y4 \
Operand description Example
S1: Source operand 1 L N e B B us . LD Mo
L ROL DO D10 15
D: destination operand
. Before Rotate leftward 15 bits
S2: Source operand 2 VS LSB
Function description |_|1|1|0|0|1|1|0|1 [1]ofo[1]o]1 |?|1 k—|
When the power flow is valid, |_; :
the data of S7 will rotate After :
___________________________ I
leftward for S2 bits, and the " MSB LSB
! [(1[171]oJol1]1Jo[111]oJo1]0T1]0k-,
I

result is assigned to D. At the
same time the lowest bit of
the S2 bits will be stored into
the carry flag SM181.

Note

1.82=20.

2. When S1 uses Kn
addressing, Kn must be equal
to 4.

When MO0 is ON, DO 2#1100110110010101 (52629) rotates leftward for 15 bits,
and the result 2#1110011011001010 (59082) is assigned to D10. The final bit
will be stored in the carry flag bit. SM181 is OFF.
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6.7.3 RCR: 16-Bit Carry Circular Shift Right Instruction

LAD:

Applicable to IVC2 IVC1

Influenced flag bit Carry

IL: RCR (S1) (D) (S2) Program steps 7
Offset
Operand | Type Applicable elements se‘
addressing
S1 WORD | Constant| KnX| KnY | KnM | KnS | KnLM | KnSM D SD C T \ 4 \
D WORD KnY | KnM | KnS | KnLM D ] T V Z v
S2 INT [Constant| KnX| KnY | KnM | KnS | KnLM | KnSM D SD C T \Y Y4 v
Operand description Example
S1: Source operand 1 W o e ! LD MO
RCR DOD105

D: destination operand
S2: Source operand 2

Function description

When the power flow is valid,
S1 data and the carry flag
(SM181) will together rotate
rightward for S2 bits, and the
result is assigned to D.

Note

1. 82 =0.

2. When S1 uses Kn
addressing, Kn must be equal
to 4.

Rotate with the carry

flag 5 bits leftward
Before 9

|4

LSB
—{1[1JoJo[ 1] 1Jo[ 1] 1] oJol 1] o[ 1Jo1}

After

|
MSB LSB |
[o[1]oTTo[41]1Tofo[1T1 o T1]o[1]0] !
|
|

smigt [ 1 ----~-

When MO0 is ON, DO 2#1100110110010101 (52629) and the carry SM181 (OFF)
will rotate rightward for 5 bits, and the result 2#0101011001101100 (22124) is
assigned to D10. SM181 = ON.
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6.7.4 RCL: 16-Bit Carry Circular Shift Left Instruction

LAD: Applicable to IVC2 IVC1
il ’ i Influenced flag bit Carry
IL: RCL (S1) (D) (S2) Program steps 7
Offset
Operand | Type Applicable elements se.
addressing
S1 WORD | Constant| KnX|KnY | KnM | KnS | KnLM | KnSM D SD C T V Z \
D WORD KnY | KnM | KnS | KnLM D C T V Y4 N
S2 INT | Constant| KnX|KnY | KnM | KnS | KnLM | KnSM D SD C T V Y4 v
Operand description Example
S1: Source operand 1 "o sz sagE: LD MO
— ®L o1 16 ]
D: destination operand RCL DOD10 16
S2: Source operand 2
Function description Befi T rwand 16 s
erore i
MSB ¢ flag leftward 16 bits LSB
When the power flow is valid, 1[1]oJo[1[1]o[1]1fofo[1]0T1 |0|?
S1 data and the carry (SM181) |
will together rotate leftward @ i
I
for S2 bits, and the result is |
. After !
assigned to D. |- T TTT TS TS TS T T B
: MSB LSB
Note ! [11111]oJof1[1[o[1]1]ofo[1]0[1]0]
I
1.82=0. “-> SM181
2. When S1 uses Kn

addressing, Kn must be equal
to 4.

When MO0 is ON, DO 2#1100110110010101 (52629) and the carry SM181 (ON)
will rotate leftward for 16-bits, and the result 2#1110011011001010 (59082) is
assigned to D10. SM181=0N.

6.7.5 DROR: 32-Bit Circular Shift Right Instruction
LAD: ) Applicable to IVC2 IVC1
o - E Influenced flag bit| Carry
IL: DROR (S1) (D) (S2) Program steps 9
. Offset
Operand | Type Applicable elements )
addressing
S1 DWORD | Constant| KnX|KnY | KnM | KnS |KnLM| KnSM D SD C V \
D DWORD KnY | KnM | KnS |KnLM D C V \
S2 INT Constant| KnX|KnY | KnM | KnS |KnLM| KnSM D SD C T V Y4 \
Operand description Note
S1: Source operand 1 1.82=0.
D: destination operand 2. When S1 uses Kn addressing, Kn must be equal to 8.
S2: Source operand 2 Example
Function description F013123544 1499935033 LD MO

When the power flow is valid,
the data of S7 will rotate
rightward for S2 bits, and the
result is assigned to D. At the
same time the highest bit of
the S2 bits will be stored into
the carry flag bit SM181.

i T ]

Mo
| f aE% DROR DO D10 7

1. When MO is ON, DO (D1) 2#10110011100110001001110010101100
(3013123244) will rotate rightward for 7 bits, and the result
2#01011001011001110011000100111001 (1499935033) is assigned to
(D10, D11). The final bit is stored into the carry flag bit. SM181 = OFF.
2. Please refer to the ROR instruction illustration.
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6.7.6 DROL: 32-Bit Circular Shift Left Instruction

LAD: Applicable to IVC2 IVC1
—] ] IHES y — P—  [R@EZ) AT
| - DROE:)  (51/] | o5 ] Influenced flag bit| Carry
IL: DROL (S17) (D) (S2) Program steps 9
Offset
Operand | Type Applicable elements se‘
addressing
S1 DWORD | Constant| KnX | KnY | KnM | KnS | KnLM | KnSM D SD C V \
D DWORD KnY | KnM | KnS | KnLM D ] \Y \
S2 INT Constant| KnX | KnY | KnM | KnS | KnLM | KnSM D SD C T \ Y4 v
Operand description Note
S1: Source operand 1 1.8220.
D: destination operand 2. When S1 uses Kn addressing, Kn must be equal to 8.
S$2: Source operand 2 Example
Function description LD MO

When the power flow is valid,
the data of S7 will rotate
leftward for S2 bits, and the
result is assigned to D. At the
same time the lowest bit of
the S2 bits will be stored into
the carry flag bit SM181.

3013123244 753280811
nin

il a0 1

DROL DO D10 30

| ]
—— ODROL

1. When MO is ON, (DO, D1) 2#10110011100110001001110010101100
(3013123244) will rotate leftward for 30 bits, and the result
2#00101100111001100010011100101011 (753280811) is assigned to (D10,
D11). The final bit is stored into the carry flag bit. SM181=0ON.

2. Please refer to the ROL instruction illustration.

6.7.7 DRCR: 32-Bit Carry Circular Shift Right Instruction

LAD: Applicable to IVC2 IVC1
T R g i ARE e Influenced flag bit| Carry
IL: DRCR (S17) (D) (S2) Program steps 9
. Offset
Operand | Type Applicable elements )
addressing
S1 DWORD | Constant| KnX | KnY |KnM| KnS | KnLM | KnSM D SD Cc \ \
D DWORD KnY [KnM| KnS | KnLM D C \ v
S2 INT |Constant| KnX| KnY |KnM| KnS | KnLM | KnSM D SD C T \ Y4 \
Operand description Note
S1: Source operand 1 1.8220.
D: destination operand 2. When S1 uses Kn addressing, Kn must be equal to 8.
S$2: Source operand 2 Example
Function description LD Mo
Mo 30131253244 722591539 DRCR DO
When the power flow is valid, L (EEE 10 t ! D10 11

S1 data and the carry SM181
will together rotate rightward
for 82 bits, and the result is
assigned to D.

1. When MO is ON, (DO, D1) 2#10110011100110001001110010101100
(3013123244) and the carry SM181 (OFF) will rotate rightward for 11 bits, and
the result 2#00101011000101100111001100010011 (722891539) is assigned
to (D10, D11). SM181=0ON.

2. Please refer to the RCR instruction illustration.
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6.7.8 DRCL: 32-Bit Carry Circular Shift Left Instruction

LAD: Applicable to IVC2 IVC1
- N Influenced flag bit| Carry
IL: DRCL (S1) (D) (S2) Program steps 9
Offset
(0] d| T Applicable el t
peran ype pplicable elements addressing
S1 DWORD | Constant| KnX | KnY |KnM| KnS | KnLM | KnSM D SD C N
D DWORD KnY |KnM| KnS | KnLM D C N
S2 INT Constant| KnX | KnY [KnM| KnS | KnLM | KnSM D SD C T VA N
Operand description Note
S1: Source operand 1 1.82=20.
D: destination operand 2. When S1 uses Kn addressing, Kn must be equal to 8.
S2: Source operand 2 Example
Function description LD Mo

When the power flow is valid,
the S1 data and the carry
SM181 will together rotate
leftward for S2 bits, and the
result is assigned to D.

3015123244 1488185020
nio

jili} bz}

| ]
— DECL

DRCL DO D10 25

1. When MO is ON, (DO, D1) 2#10110011100110001001110010101100
(3013123244) and the carry SM181 (OFF) will rotate leftward for 25 bits, and
the result 2#001011000101100111001100010011100 (1488165020) is

assigned to (D10, D11). SM181 = ON.
2. Please refer to the RCL instruction illustration.

6.7.9 SHR: 16-Bit Shift Right Word Instruction

LAD: Applicable to IVC2 IVC1
e Al B Influenced flag bit
IL: SHR (S17) (D) (S2) Program steps 7
Offset
Operand | Type Applicable elements se.
addressing
S1 WORD | Constant | KnX| KnY | KnM | KnS [KnLM | KnSM D SD C T V Y4 v
D WORD KnY | KnM | KnS |KnLM D C T Y4 \
S2 INT | Constant|KnX| KnY | KnM | KnS |KnLM| KnSM D SD C T Z v
Operand description Example
81: Source operand 1 | e mw s o ] LD Mo
R SHR DO D10 5
D: destination operand
. Before Rotate rightward 5 bits
S2: Source operand 2 MSB LSB
Function description Lo[1l1l1]1of1]ol1]1lol1[1[1]0]0]
When the power flow is valid, After
the data of S7 will shift |leS|B| I ENERENEN M IES ILSIB
rightward for S2 bits, and the 0101010100J111]1[110[1]0]11110

result is assigned to D.
Note

1.82=0.

2. When S1 uses Kn
addressing, Kn must be equal
to 4.

When MO is ON, DO 2#0111101011011100 (31452) shifts rightward for 5
bits, and the result 2#0000001111010110 (982) is assigned to D10.
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6.7.10 SHL: 16-Bit Shift Left Instruction
LAD: Applicable to IVC2 IVC1
R Y - < Sl e e S Influenced flag bit
IL: SHL (S1) (D) (S2) Program steps 7
Offset
Operand | Type Applicable elements se‘
addressing
S1 WORD | Constant | KnX | KnY | KnM | KnS | KnLM | KnSM D SD Cc T \Y z \
D WORD KnY | KnM | KnS | KnLM D C T \Y z \
S2 INT | Constant | KnX| KnY | KnM | KnS | KnLM | KnSM D SD C T \Y Y4 v
Operand description Example
. 3 LD MO
S1: Source operand 1 | il r it e Zeaen % ]
s SHL DO D10 7
D: destination operand
S2: Source operand 2
Before Rotate leftward 7 bits

6.7.11

Function description

B LSB
[of1]1]111Tof1]o 1 1]o[1]1[1]0]0]

When the power flow is valid,
the data of S7 will shift
leftward for S2 bits, and the
result is assigned to D.

After
MSB LSB
[0[1[1]o[1]1[1]ofofofolo]olof0]0]

When MO0 is ON, DO 2#0111101011011100 (31452) shifts leftward for 7 bits,

Note
1. 82 =20.

2. When S1 uses Kn
addressing, Kn must be equal

to 4.

and the result 2#0110111000000000 (28160) is assigned to D10.

DSHR: 32-Bit Shift Right Instruction

LAD: Applicable to IVC2 IVC1
— T B R e s i Influenced flag bit
IL: DSHR (S17) (D) (S2) Program steps 9
) Offset
Operand | Type Applicable elements )
addressing
S1 DWORD | Constant| KnX| KnY | KnM | KnS |[KnLM|KnSM| D SD C \Y \
D DWORD KnY | KnM | KnS |[KnLM D ] V \
S2 INT Constant| KnX| KnY | KnM | KnS [KnLM|KnSM| D SD C T \ Y4 \
Operand description Note
S1: Source operand 1 1.8220.
D: destination operand 2. When S17 uses Kn addressing, Kn must be equal to 8.
S$2: Source operand 2 Example
Function description | o 193931420 1693927 LD MO
1 i M e H 1 DSHR DO D10 10

When the power flow is valid,
the data of S7 will shift
rightward for S2 bits, and the
result is assigned to D.

1. When MO is ON, (DO, D1) 2#01110011100110001001110010101100
(1939381420) shifts rightward for 10 bits, and the result
2#00000000000111001110011000100111 (1893927) is assigned to (D10,
D11).

2. Please refer to the SHR instruction illustration.
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6.7.12 DSHL: 32-Bit Shift Left Instruction

LAD: Applicable to IVC2 IVC1
' s - Influenced flag bit
IL: DSHL (S17) (D) (S2) Program steps 9
) Offset
Operand | Type Applicable elements .
addressing
S1 DWORD | Constant| KnX | KnY [KnM| KnS | KnLM |[KnSM| D SD \
D DWORD KnY [KnM| KnS | KnLM D \
S2 INT Constant| KnX | KnY |KnM| KnS | KnLM |KnSM| D SD \
Operand description Example
S1: Source operand 1 o 1939361420 1314756944 LD Mo
—{ IDSHL D Iio 15 ] DSHL DO D10 15

D: destination operand
S2: Source operand 2

Function description

When the power flow is valid,

the data of S7 will shift
leftward for S2 bits, and the
result is assigned to D.

Note

1.82=0.
2. When S1 uses Kn

addressing, Kn must be equal

to 8.

1. When MO is ON, (D0, D1) 2#01110011100110001001110010101100
(1939381420) shifts leftward for 15 bits, and the result
2#01001110010101100000000000000000 (1314258944) is assigned to (D10,
D11).

2. Please refer to SHL instruction illustration.
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6.7.13

SFTR: Shift Right Byte Instruction

LAD:

L M R SO

Applicable to IVC2 IVC1

Influenced flag bit

IL: SFTR (S17) (D) (S2) (S3) Program steps 9
. Offset
Operand | Type Applicable elements )
addressing
S1 BOOL X Y | M S LM | SM o] T y
D BOOL Y M S LM C T \
S2 INT | Constant | KnX| KnY |KnM| KnS | KnLM | KnSM D SD C T \ Y4 \
S3 INT | Constant |KnX| KnY |KnM| KnS | KnLM | KnSM D SD C T \ Y4 \
Operand description Example
S1: Source operand 1 1] oy OFF LD MO
— [ SFTIR X0 M1D 10 3 ]

D: destination operand
S2: Source operand 2
S3: Source operand 3

Function description

When the power flow is valid,
S2 elements starting with D
will move rightward for S3
units, and the S3 elements at
the rightmost side will be
discarded. At the same time,
the contents of S3 elements
starting with S7 will be filled
into the left end of the string.

Note

1. The elements with smaller
SN are at the right, and the
elements with larger SN are
at the left.

2.82=0.
3.83=0.

SFTR X0 M10 10 3

I

[m19] m1s [m17 [ m16] m1s [ w14 | m13] mi2[ mi1] mio]

= T RS

1. When MO is ON, the contents of 10 elements starting with M10 will move
rightward for 3 bits, and rightmost three elements M10 ~ M12 will be discarded.
At the same time, the contents of the 3 elements starting with X0 will be filled
into the left end of the string.
2. Before the execution: X0=1,X1=0,X2=1,M10=0, M11 =1, M12=1, M13
=0,M14=0,M15=1,M16 =0, M17 =0, M18 =0, M19 = 1.
3. After the execution: the contents of X0 to X2 remain unchanged, M10 = 0,
M11=0,M12=1,M13=0,M14=0,m15=0,m16 =0, m17 =1, m18 =0, m19
=1.
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6.7.14 SFTL: Shift Left Byte Instruction

LAD: Applicable to IVvC2 IVC1
J : ekl 1 ! ke

|—.§|}D L & (SIHE |_¢’J|_[ e (5IRS3) Influenced flag bit

IL: SFTL (S1) (D) (S2) (S3) Program steps

Operand | Type Applicable elements Offset

i
P yp PP addressing

S1 BOOL X Y M S LM SM C T v
D BOOL Y M S LM C T v
S2 INT |Constant| KnX [KnY | KnM | KnS |KnLM | KnSM SD C T \% Z v
S3 INT |Constant| KnX |[KnY | KnM | KnS |KnLM | KnSM SD C T V Z v

Operand description Example

S1: Source operand 1 0§ LD MO

D: destination operand

S2: Source operand 2

S83: Source operand 3

Function description

When the power flow is valid,
S2 elements starting with D
will more leftward for 83 units,
and the S3 elements at the

leftmost side will be

discarded. At the same time,
the contents of S3 elements
starting with 87 will be filled

into the right end of the

string.
Note

| ]
——{ SFIL

X0

1 sFTLxoM10103

|M19|M18 |M17 | M16| M15|M14 | M13| M12| M11 | M10|

= /=7

1. When MO is ON, the contents of 10 elements starting with M10 will move

leftward for 3 bits, and the leftmost elements M17 ~ M19 will be discarded. At the
same time, the contents of the 3 elements starting with X0 will be filled into the

right end of the string.

2. Before the execution: X0=1,X1=0,X2=1,M10=0, M11 =1, M12=1, M13
=0,M14=0,M15=1,M16 =0, M17 =0, M18 =0, M19 = 1.

3. After the execution: the contents of X0 ~ X2 remain unchanged, M10 = 1, M11
=0,M12=1,M13=0,M14=1,M15=1, M16 =0, M17 =0, M18 =1, M19 = 0.

1. The elements with smaller

SN are at the right, and the
elements with larger SN are

at the left.
2.82=0.
3.83=20.
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6.8 External Equipment Instruction

6.8.1 FROM: Read Word Form Special Module Buffer Register Instruction

LAD: Applicable to IvC2
|—| — FROM 30 (EIF 4Dy fxm ] Influenced flag bit
IL:. FROM (S1) (S2) (D) (S3) Program steps 9
Offset
0 d| T Applicable el t
peran ype pplicable elements addressing

S1 INT | Constant

S2 INT | Constant

D INT D v N

S3 INT | Constant

Operand description

S1: SN of the special module
to be read, or the target
module.

Range: 0 ~ 7. If the target
module does not exist, the
system will report target
module address invalid.

S2: The starting address in
the BFM of the target module.
Range: 0 ~ 32767. If the BFM
address is invalid, the system
will report “BFM unit of
accessed special module
exceeds range”.

D: The D element where the
data read from the target
module will be stored.

S3: The number of consecutive buffer registers (single word) to be read.

Range: 1 ~ 32767. If the target register does not exist, the system will report
“BFM unit of accessed special module exceeds range”.

Function description

Read consecutively S3 registers, starting with S2 register, in the BFM of the
target module (SN: S7) and put them into the S3 word elements starting with D.

Note

The execution time of the FROM instruction is relatively long, and closely
related to S3.

Example

Mo a7 LD MO
FrOM O 3 D100 2 ' FROM 03 D100 2

When MO0 is ON, read consecutively 2 registers, starting with register 3, in the
BFM of the target module number 0, and put them into the word elements D100
and D101.
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6.8.2 DFROM: Read Double Word Form Special Module Buffer Register Instruction

LAD: Applicable to IVC2
|—| ——1{ DFROM ¢81) ¢52) «(B) ¢583) ] |Influenced flag bit
IL.: DFROM (S1) (S2) (D) (S3) Program steps 10
Operand | Type Applicable elements Offset.
addressing
S1 INT | Constant
S2 INT Constant
D DINT D Vv N
S3 INT Constant

Operand description S3: The number of consecutive buffer registers (double word) to be read.

Range: 1 ~ 32767. If the target register does not exist, the system will report

S1: SN of th ial modul
ot The special mocllie “BFM unit of accessed special module exceeds range”

to be read, or the target

module. Function description

Range: 0 ~ 7. If the target Read consecutively S3 registers, starting with S2 register, in the BFM of the
module does not exist, the target module (SN: S7) and put them into the S3 double-word elements starting
system will report target with D.

module address invalid. Note

S2: The starting address in

the BFM of the target The execution time of the DFROM instruction is relatively long, and closely

related to S3.

module.

Range: 0 ~ 32767. If the BFM Example

address is invalid, the system Mo 18580857 LD MO

will report “BFM unit of }_-_’ DFROM O 3 D200 ! 1DFROM 0 3 D200 1
accessed special module When MO is ON, read 1 double word from register 3, in the BFM of the target
exceeds range”. module number 0, and put it into the double word element (D200, D201).

D: The D element where the
data read from the target
module will be stored.
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6.8.3 TO: Write Word To Special Module Buffer Register Instruction

LAD:

|—|I—[ TO (81 (820 «83) 840 ]

Applicable to IVC2

Influenced flag bit

IL: TO (S1) (S2) (S3) (S4) Program steps 9
. Offset
Operand | Type Applicable elements )
addressing

S1 INT | Constant

S2 INT | Constant

S3 INT D \ \

S4 INT | Constant

Operand description

S1: The SN of the special
module to be written, or the
target module.

Range: 0 ~ 7. If the target
module does not exist, the
system will report “Using
FROM/TO instruciton to

access module not existing”.

S2: The starting register
address in the BFM of the
target module.

Range: 0 ~ 32767. If the
BFM address is invalid, the
system will report “BFM unit
of accessed special module
exceeds range”.

S$3: The data to be written
into the target module.

S4: The number of consecutive buffer registers (single word) to be written.
Range: 1 ~ 32767. If the target register does not exist, the system will report
“BFM unit of accessed special module exceeds range”.

Function description

1. Write data from consecutive S4 registers starting with S3 to the consecutive
S4 buffer registers starting with S2 in the BFM of the target module (SN: S7).
2. If S3is a constant, write it consecutively into the S4 word elements starting
with 82 in the BFM of special module S1.

Note

The execution time of the TO instruction is relatively long, and closely related to
S4.

Example

SMO LD SMO
moo0 8 1000 2 I T0 0 8 1000 2

When PLC runs, write 1000 respectively to buffer registers 8 and 9 in the BFM of
target module number 0.
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6.8.4 DTO: Write Double Word To Special Module Buffer Register Instruction

LAD: Applicable to IVC2
I | | { DTO (812 527 (€830 (840 ] || o ed flag bit
IL: DTO (S1) (S2) (S3) (S4) Program steps 10
Operand | Type Applicable elements Offset.
addressing
S1 INT | Constant
S2 INT | Constant
S3 DINT D V \
S4 INT | Constant

Operand description

S1: The SN of the special
module to be written, or the
target module.

Range: 0 ~ 7. If the target
module does not exist, the
system will report “Using
FROM/TO instruciton to access
module not existing”.

S2: The starting register
address in the BFM of the target
module.

Range: 0 ~ 32767. If the BFM
address is invalid, the system
will “BFM unit of accessed
special module exceeds range”.
S83: The data to be written into
the target module.

S4: The number of consecutive
buffer registers (double word) to
be written.

Range: 1 ~ 32767. If the target register does not exist, the system will report

“BFM unit of accessed special module exceeds range”.

Function description

1. Write data from consecutive S4 registers starting with S3 to the
consecutive 84 buffer registers starting with S2 in the BFM of the target

module (SN: S7).

2. If 83is a constant, write it consecutively into the S4 double-word elements

starting with S2 in the BFM of special module S1.
Note

The execution time of the DTO instruction is relatively long, and closely

related to S4.
Example

M0

ITo 1] g 16711935 1

LD SMO
IDTO 0 8

16711935

When PLC runs, write a double word data 16711935 to buffer registers 8 and
9 (which forms a double-word element) in the BFM of target module number

0.

6.8.5 VRRD: Read Analog Potentiometer Value Instruction

LAD: Applicable to IVC2 IVC1
R T - ).
TR = R T R Influenced flag bit
IL.: VRRD (S) (D) Program steps 5
Offset
Operand | Type Applicable elements )
addressing
S WORD | Constant
D WORD D Vv \

Operand description

S: The specified potentiometer SN. Range: 0
~ 255. If S is set outside this range, the
system will report operand error.

D: The element where the read analog
potentiometer value will be stored. Range: 0 ~
255.

Function description

Read the value of the specified analog potentiometer and store
it into the specified element.

Example
Mo Ta LD MO
| W VD 0 b ] VRRD 0 D10

When MO is ON, read the value of analog potentiometer 0 and
put the reading into D10.
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6.8.6

6.8.7

REFF: Set Input Filtering Constant Instruction

LAD: Applicable to IVC2 IvC1
B s R s @
wt - L - Influenced flag bit
IL: REFF (S) Program steps 3
. Offset
Operand | Type Applicable elements )
addressing

s |woRD|constant| KnX | KnY [KnM[KnS [KnLM [KnSM| D | sD [ C | T | V | Z

Operand description

S: Input filtering constant

® [VC2

Range: 0 ~ 64ms. Any setting bigger than 64 will be
regarded as 64.

® |VC1

Range: 0, 8, 16, 32, 64. Any setting between any two
values will be regarded as the smaller value. For
example, a setting between 8 and 16 will be regarded
as 8. Any setting bigger than 64 will be regarded as 64.

REF: Instant Refresh I/O Instruction

Function description
Set the input filtering constant of X0 ~ X17.
Note

The input filtering constant is valid only for
non-high-speed input points.

Example

| " LD MO
REFF 30 ] REFF 30

When X10 is ON, set the input filtering constant to
30ms.

LAD: Applicable to IVC2 IVC1

e s V. L o ol .
AR < AR Influenced flag bit
IL: REF (D) (S) Program steps 5
Operand | Type Applicable elements Offset

i
P yp PP addressing
D BOOL X Y
S INT | Constant

Operand description

D: the starting X or Y element to be refreshed. The
specified starting element address should always be a
multiple of 8 (in octal system). For example, X0, X10,
X20... or YO, Y10, Y20....

S: the number of inputs and outputs to be refreshed. It
should always be a multiple of 8, for example, 8, 16, ...,
256, and so on.

Function description

Generally, the PLC will not refresh its inputs or outputs
before the user program ends. However, if you want to
refresh the inputs or outputs when the user program is
still running, you can use this instruction.

Note

Generally, the REF instruction is used to refresh 1/0
immediately between the FOR-NEXT instruction and
the CJ instruction.

You can also use the REF instruction to obtain the
latest input and output the operation result without
delay during the execution of the interrupts with I/Os.
To refresh a relay output, you need to consider the
response time.

Example
M (FF
I—-—[ EEF 10 a :LD Mo
REF YO 8

When MO is ON, the stats at YO ~ Y7 will be output
immediately regardless of the scan cycle.
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6.8.8 EROMWR: EEPROM Write Instruction

LAD: Applicable to IVC2 IVC1
e i e ¥ s e S —’/’é Influenced flag bit
IL: EROMWR (81) (S2) Program steps 6
) Offset
Operand | Type Applicable elements )
addressing
S1 WORD D
S2 INT | Constant| KnX [KnY | KnM | KnS |KnLM | KnSM D SD C T V Z N
Operand description Example
S1: starting address of the elements to be stored. LD M1
= " SET M1000
Range: D6000 ~ D6999 re g am e e b e
RST M1
S2: number of the elements to be stored. $2<16 o o " MOV 16 D8016
S1+ 82 < D7000 e o = e MOV 32 D6032
Function description - I = LD~ SM1
— .. —— SET M1
1. Partial PLC data are battery backed. However, S s == 2 " LD M1000
during the calculation, you can save the intermediate e muie e me— ome—. AND  SM196
data into EEPROM with the EROMWR instruction. o - s EROMWR D6016
2. This instruction is executed upon the rising edge. R RST M1000
. . . : - - ~_ SET M1001
3. Two EROMWR instructions cannot be executed at s S AT e s e - LD M1001
the same time. When SM196, the EEPROM write OK 4 e ..~ AND SM196
flag, is ON, it indicates that EEPROM is okay for write EROMWR D6032
operation. When SM196 is OFF, it indicates that an RST M1001

EROMWR instruction is being executed.
Note

An EROMWR instruction will make the scan cycle 2 ~
5ms longer. It is recommended to set the S7 to 6000
plus an integer multiple of 16, like D6000, D6016 and
D6032.

In the preceding example, two sets of D elements are
stored in the EEPROM:

1. SM1 and M1 makes M1000 generate a rising edge
during the second scan cycle and triggers the
execution of the first EROMWR instruction.

2. M1001 and SM196 makes the second rising edge,
triggering the execution of the second EROMWR
instruction.
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6.9 Real-Time Clock Instruction
6.9.1 TRD: Read Real-Time Clock Instruction

LAD: Applicable to IVC2 IVC1

) L 1 - L 0 Influenced flag bit
IL: TRD (D) Program steps 3
Operand | Type Applicable elements Offset
P yp PPl addressing
b qworo] [ [ [ [ [ [ [o ] [ [ [V]
Operand description Note

D: the starting storage element for the system time,
which occupies the 7 consecutive elements starting
with D

Function description

Read the system time and store the value in the
storage elements designated by D.

The execution result of the instruction is as follows:

The TRD instruction will fail upon system clock
setting error.

Example

no 2005 LD MO
I—-—< TED D10 ]

TRD D10

When MO is ON, send the system time to the 7
elements starting with D10.

Element Item Clock data
SD100 Year 2000 to 2099
SD101 Month 1to 12
Special data register SD102 Day 11to 31
for real time clock SD103 Hour 0to 23
SD104 Minute 0to 59
SD105 Second 0to 59
SD106 Week Oto6

Element Item
————— - D10 Year
————— - D11 Month
————— - D12 Day
_____ N D13 Hour
_____ N D14 Minute
_____ N D15 Second
————— - D16 Week
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6.9.2 TWR: Write Real-Time Clock Instruction

LAD: Applicable to IVC2 IVC1
| [ ﬂl t L T Influenced flag bit
IL: TWR (S) Program steps 3
Operand | Type Applicable elements Offset
|
P yp PP addressing
S |worb[ | | | | | | | D | | A
Operand description
S: the element where the system time is to be written
Element Item Clockdata | N Element Item
D10 Year 2000t02099 | N SD100 Year
D11 Month 1to12 SD101 Month
Dot for clock seft D12 Day Tto 31 - SD102 Day
ata for clock setting +~—~——-—+ - 1 ——
9 D13 Hour 0t023 - SD103 Hour
D14 Minute 0to59 | - SD104 Minute
D15 Second Oto59 | = - SD105 Second
D16 Week o6 | - SD106 Week
Function description Example

When the system time is
different from the real time,
you can use the TWR
instruction to correct the
system time.

Note

1. The time must use the
solar calendar, or the
instruction will not be
executed.

2. It is recommended to use
the edge to trigger the
execution of the instruction.

Changing the system time with the TWR instruction is shown in the following

figure:
X0
— At
i
i
i
i
i
1
i1
—— ———t—
Mo 2004
— —{ TED D20

2004
MY 2004 i
1z
moy 1z i
7
Moy T oz
g
Moy 9 013
53
Moy s3 D14
30
Moy a0 D15
2
moy 2 D16
2004
THE D10 1

1

LD
EU
MOV
MOV
MOV
MOV
MOV
MOV
MOV
LD
EU
TWR
LD
TRD

X10

2004 D10
12 D11
7 D12
9 D13
53 D14
30 D15
2 D16
X11

D10

MO

D20

1. Upon the rising edge of X10, write the time setting into the 7 consecutive
units starting with D10 (D10 ~ D16).
2. Upon the rising edge of X11, write the values of elements D10 ~ D16 into the

system time.

3. When MO is On, read the system time and save it into D20 ~ D26.
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by D. The result will affect the
carry flag SM181 and the zero
flag SM180.

Function description

Add two time-format data. The
operation rules follow the time
format.

Note

The time data for the operation
must meet the time setting
range requirements.

® Hour:0~23

® Minute: 0 ~ 59

® Second: 0~59
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6.9.3 TADD: Add Clock Instruction
LAD: Applicable to IVC2 IVC1
I e Influenced flag bit | Zero, carry
IL: TADD (S17) (S2) (D) Program steps 7
Operand | Type Applicable elements Offset
P yp PP addressing
S1 WORD D SD \%
S2  |WORD D SD v N
D |WORD D v N
Operand description Example
S1: clock data1. The 3 storage S1 S2 D
elements designated by S1 are D10 | 23 (hour) D20 | 23 (hour) D30 23 (hour)
the data is not compliant with D12 |59 (second) D22 |58 (second) D32 57 (second)
the time format, the system will i -
report “lllegal instruction —m—{ mov 23 D10 ] D X10
» ]
operand value’. L mov 59 D11 1 MOV 23 D10
S2: clock data2. The 3 storage og MOV 59 D11
elements designated by S$2 are i movo 58 iz ] MOV 59 D12
used to store another time data. [ omov 23 o0 ] MOV 23 D20
If the data is not compliant with cs MOV 58 D21
the time format, the system will i v s8 1z ] MOV 58 D22
report “lllegal instruction [ omv s 332 ] LD MO
) TADD DO D20 D30
operand value”. Mo 23 23 23 LD SM181
D: time result storage unit. The —_ : TYAIDDD oo =0 130 ! OUT Y10
result of the time adding [ LD SM180
operation is stored in the 3 SM150 11 5 OuUT Y11
storage elements designated

1. When X10 is ON, send the time data to the 3 storage elements starting with
D10 (D10 ~ D12) and the 3 storage elements starting with D20 (D20 ~ D22).

2. When MO is ON, add the data in D10 ~ D12 and the data in D20 ~ D22, and
store the result in the 3 storage elements starting with D30.

3. The carry flag (SM181) will be set to ON, and the zero flag (SM180) will be

set to OFF.
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6.9.4 TSUB: Subtract Clock Instruction

LAD: Applicable to IVC2 IVC1
T wE B e TR Influenced flag bit | Zero, borrow
IL: TSUB (S17) (S2) (D) Program steps 7
Offset
Operand | Type Applicable elements addresszing
S1 WORD D SD \%
S2  |WORD D SD v N
D WORD D v N
Operand description Example
$1: clock data1. The 3 St S2 D
storage elements designated D10 [ 23 (hour) ) D20 | 23 (hour) _ D30 23 (hour)
by S1 are used to store the D11 | 59 (minute) D21 |59 (minute) D31 59 (minute)
time data. If the data is not D12 |58 (second) D22 |59 (second) D32 59 (second)
compliant with the time format, ¥in o5
the system will report “lllegal i mov 23 oo ] D X10
instruction operand value”. ' omov sm 3?1 ] MOV 23 D10
S2: clock data2. The 3 - owv 3?2 ] MOV 59 D11
storage elements designated . MOV 58 D12
by S2 are used to store T omov 23 0z ] MOV 23 D20
another time data. If the data 5 MOV 59 D21
is not compliant with the time 1Moy S 12t ] MOV 59 D22
format, the system will report [ mv  sm 332 ] 'Il_'EUBM(l)Dm D20 D30
“lllegal instruction operand no 23 o3 23 LD SM182
value” — [ TSUE IO 020 030 ]
- . M1z 110 ouT Y10
D: time result storage unit. W LD SM180
The result of the time SM1E0 T11 OUT Y11
subtracting operation is : 2

stored in the 3 storage
elements designated by D.
The result will affect the carry
flag SM181 and the zero flag
SM180.

1. When X10 is ON, send the time data to the 3 storage elements starting with
D10 (D10 ~ D12) and the 3 storage elements starting with D20 (D20 ~ D22).
2. When MO is ON, subtract the data in (D20 ~ D22) from the data in (D10 ~
D12), and store the result in the 3 storage elements starting with D30.

3. The carry flag (SM182) will be set to ON, and the zero flag (SM180) will be
Function description set to OFF

Conduct subtract operation
on the time format data, with
the operation rules following
the time format.

Note

The time data for the
operation must meet the time
setting range requirements.

® Hour:0~23
® Minute: 0 ~ 59
® Second: 0~59

IVC Series Small PLC Programming Manual



Chapter 6 Application Instructions 139

6.9.5 HOUR: Timing List Instruction

LAD: Applicable to IVC2 IVC1
S TS WREY U T TR MR T
: ) ek k- - SR e Influenced flag bit
IL: HOUR (S) (D1) (D2) Program steps 8
Operand | Type Applicable elements Offset
P yp PP addressing
S INT |Constant| KnX | KnY | KnM | KnS |KnLM |[KnSM| D SD C T \% z
D1 INT D v N
D2 BOOL Y M S LM
Operand description Note
S: the hour comparison data. 1. To sustain the current data after power off, set D7 within the element Saving
Range: 0 ~ 32767. Range (see 2.2.1 System Block). Otherwise, the current data will be cleared
D1: time storage starting upon PLC power off or when PLC changes from RUN to STOP.
element. D1: hour. D1+1: 2. The timing still continues even when the alarm output D2 is ON.
second. 3. The hour data in this instruction is a 16-bit integer. It will restart from 0 after
D2: alarm output address. 32767.
When D1 = S, the alarm point Example
changes to ON, and generates
output no 1000 LD Mo
' mov 1000 1100 ] MOV 1000 D100
Function description n 1000 i OFF ] LD M1
HOWR Tioo Trz00 Mo
Make judgment on the time 1o 110 HOUR D100 D200 M10
hen the input contact is ON g b M0
when p OuUT Y10
(unit: hour).

1. When MO is ON, set the comparison data of HOUR instruction.
2. When M1 is ON, accumulate the time for the input contact.
3. M10 will be ON when the accumulated time = 1000.
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6.9.6 DCMP: Compare Date (=, <, >, <>, >=, <=) Instruction

LAD:

A i, Applicable to IVC2 IVC1

i el
S R i AT U K
v S .
|— s Doy 51 ]| kL M) (50| Influenced flag bit
— s vome s 1| b oL (510]

|— — nowRRd 01— s vomdr s)]
IL:

DCMP= (s (S2) (D)
DCMP< (1) (82) (D)
DCMP> (S7) (S2) (D) Program steps 7
DCMP<> (81 (S2) (D)
DCMP>= (81 (S2) (D)
DCMP<= (81 (S2) (D)
. Offset
Operand | Type Applicable elements )
addressing
S1 INT D SD V
S2 INT D SD Y N
D BOOL Y M S LM C T
Operand description Note
S1: starting word element for The date data stored in the elements starting with S7 and S2 must comply with
date comparison data 1, the solar calendar format, or the system will report operand error. For example,
which occupies the 3 word “2004, 9, 31" and “2003, 2, 29” are both illegal.
elements following §7. The Example
data must comply with the i S
solar calendar format, or the — -ty 2004 Io ]
system will report operand [ om0 o ] LD  SMO
error. o s = : MOV 2004 DO
S2: starting word element for — MOV 10 D1
date comparison data 2, Pl 2 w : MOV 25 D2
10
which occupies the 3 word [ mo¥ 1o i1 1 :/IAgx f804DD1110
elements following S2. The b w2 = ] MOV 24 D12
data must comply with the 10 2004 2004 OFF
@] DoMP= IO D10 Mo ] LD X0
solar calendar format, or the - Sk s DCMP= DO D10 MO
system will report operand  DCHEC DO It L ] DCMP< DO D10 M1
error. om0 oo owe ] DCMP> DO D10 M2
D: Comparison status output. I 2004 2004 on ] DCMP<> D0 D10 M3
ICHE i} 1o M3 _
When the data meet the TR T DCMP>= DO D10 M4
. - . = DCMP<= D0 D10 M5
comparison condition, D is set b DoMEGES O A L ]
2004 2004 OFF
ON; otherwise, it is set OFF. [ oomee Do 110 MS 1

Function description Conduct BIN comparison on the date data stored in the elements starting with

Conduct BIN comparison on D0 and D10, and assign the comparison result to MO.
the date data stored in the

elements starting with $7 and

S2, and assign the

comparison result to D.
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6.9.7 TCMP: Compare Time (=, <, >, <>, >=, <=) Instruction
LAD: . } - .| Applicable to IVC2 IVC1
[ e Tow Spl— e e s1)]
— gz M sl kR TOWEw 5]
B S TR (T W UL
R R Y LA Y Y T T <4774 Influenced flag bit
T e i R TR oA
_,«"//H e g ,&zﬁﬁ-ﬁml ,ﬁ
IL:
TCMP= (s1) (52) (D)
TCMP< (s1 (S2) (D)
TCMP> (S17) (S2) (D) Program steps 7
TCMP<> (s1 (S2) (D)
TCMP>= (1 (S2) (D)
TCMP<= (s1 (S2) (D)
. Offset
Operand | Type Applicable elements )
addressing
S1 INT D SD \%
S2 INT D SD v N
D BOOL Y M S LM T
Operand description Note

S1: starting word element for
date comparison data 1,
which occupies the 3 word

The time data stored in the elements starting with S7 and S2 must comply with
the 24-hour system, or the system will report operand error. For example, “24,
10, 31" and “13, 59, 60" are both illegal.

elements following S1. The Example
data must comply with the o
24-hour time format, or the ——{ mov
system will report operand oy
error.

. ; L mov
S2: starting word element for
date comparison data 2, i mov
which occupies the 3 word i
elements following S2. The i
data must comply with the T mov

. i X
24-hour t|.me format, or the roup
system will report operand
error. . TCWES
D: comparison status output. I ToME>
When the data meet the

. ies . H TCME<>

comparison condition, D is set
ON; otherwise, it is set OFF. L 1CME>=
Function description e

Conduct BIN comparison on
the time data stored in the
elements starting with S7 and
S$2, and assign the
comparison result to D.

20

31

1

20

a0

59

20
oo

20
i}

20
ili}

20
i}

20
no

20
oo

20
oo
31
01

1
nz

20
nin

il
it

59
ez

20
oo

20
nin

20
nin

20
oo

20
o

20
oo

OFF
1}

OFF
M1

0N
Nz

1

LD

MOV
MOV
MOV
MOV
MOV
MOV
LD

TCMP=
TCMP<
TCMP>

SMO0
20
31 D1
1 D2
20 D10
30 D11
59 D12
X0
DO
DO
DO

D10
D10
D10

MO
M1
M2

] TCMP<> DO
o . TCMP>= DO

o TCMP<= DO

D10
D10
D10

M3
M4
M5

M4

OFF
M=

1
1

Conduct BIN comparison on the time data stored in the elements starting with
D0 and D10, and assign the comparison result to MO.
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6.10 High-speed I/O Instruction

6.10.1 HCNT: High-speed Counter Drive Instruction

LAD: ] ) Applicable to IVC2 IVC1
T TR R T Influenced flag bit
IL: HCNT (D) (S) Program steps 7
. Offset
Operand | Type Applicable elements )
addressing
D DINT C
S DINT | Constant | KnX| KnY [KnM| KnS | KnLM | KnSM D SD (o} \% N
Operand description Example
D: Counter SN. Range: C236 - J— LD X10
~ C255. — 3 OUT SM236
S: Comparison constant, a o ooy LD X1
: s EST  C236
igned 52 bit data. R : 1z a ] RST G236
signe -bit data. Range: HCHT  C236 -5 1 LD X12
-2147483648 ~ 2147483647. HCNT C236 -5
Function description X010 Rising raing | Rising
Drive the specified hardware xot1[]  Resetinput —
high speed counter. All high
XOQ Startup input

speed counter must be driven
to perform high speed
counting. Meanwhile, the NO
contact action of the counter
will be judged based on the S
value.

Note

The HCNT instruction, SPD
instruction, external input
interrupt and pulse capture
may have contradictory
hardware demands. Pay
attention to the preconditions
of all system high speed 1/Os,
and refer to the instruction
description in actual practice.

X000
Counting input

Current value g

C235 output contact

1. When X12 changes from OFF to ON, the hardware counter C236 will be
initialized. X0 is the pulse input point for C236, which counts the pulse input
through X0. When X12 is OFF, X0 is a common input point, and C236 cannot
count the external pulse of X0.

2. Contact actions: when the current value of the counter C236 increases from
-6 to -5, the contact of C236 will be set. When the counter C236 decreases from
-5 to -6, the contact of C236 will be reset.

3. When X11 is ON, the RST instruction will be executed, C236 will be cleared,
and the C236 contact will be disconnected.

4. When PLC is powered off, the data of the high-speed counter and the contact
status is set by the user in the system block through the AutoStation software.
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6.10.2 DHSCS: High-speed Counting Compare Set Instruction

LAD: Applicable to IVC2 IVC1
T T DREET .
o - ) ’ Influenced flag bit
IL: DHSCS (S7) (S2) (D) Program steps 10
. Offset
Operand | Type Applicable elements )
addressing
S1 DINT |Constant| KnX | KnY | KnM | KnS | KnLM | KnSM D SD C \Y
S2 DINT C
D BOOL Y M S
Operand description Note

S1: a 32-bit DINT data, the
one with which the high
speed counter will compare.
Range: -2147483648 ~
2147483647.

S2: high speed counter.
Range: C236 ~ C255.

D: target bit element,
including Y, M and S elements.
They will be set or output
immediately regardless of the
scan cycle.

Function description

1. A high-speed counter will
count in the interrupt mode
only when it is driven by the
HCNT instruction and the
counting input changes from
OFF to ON. When high-speed
counter counts to S7 in the
DHSCS instruction, the bit
element D will be set
immediately, or, in the case of
a Y element, the Y element
will output immediately.

2. This instruction can be
used when you want to set
(and output, for Y elements) a
certain bit element by
comparing the counter value
with a preset value.

1. The DHSCS instruction must work together with the HCNT instruction,
because DHSCS is only applicable to the high speed counters that is driven by
HCNT.

2. The DHSCS instruction will be validated only by pulse input. You cannot
validate the instruction by changing the counter value with instructions such as
DMOQV or MOV.

3. DHSCS (DHSCI, DHSCR, DHSZ, DHSP, DHST) can be used repeatedly.
However, at most the first six such instructions can be driven at the same time.
4. The maximum frequency supported by the PLC high speed counters will be
seriously affected by instructions like DHSCS, DHSCI, DHSCR, DHSZ, DHSP
and DHST. For details, see Chapter 8 Using High Speed I/0.

Example
[ SME36 LD M1
— 2 OUT  SM236
—|MDI—[ HCHT 8235 1000 LD Mo
] HCNT C236 1000
nz 0 OFF
| —— DHSCS  Z000 C236 110 LD M2
DHSCS 2000 C236 Y10
C236 111 X LD C236
ouT YN

1. When M1 is ON, C236 will count in the interrupt mode when X0 changes
from OFF to ON (see Chapter 8 Using High Speed I/O for the description of
the X0 input frequency). When C236 changes from 999 to 1000, the C236
contact will be set. When C236 changes from 1001 to 1000, the C236 contact
will be reset. When the C236 contact drives Y11, the execution of Y11 is
determined by the user program scan cycle.

2. When M2 is ON, and the DHSCS instruction meets the requirements stated
in the preceding “Note”, Y10 will output immediately if C236 reaches 2000,
regardless of the the scan cycle.

3. When MO is ON, SM236 is driven, and the C236 counter counts down. When
MO0 is OFF, SM236 is not driven, and the C236 counter counts up.
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6.10.3 DHSCI: High-speed Counting Compare Interrupt Trigger Instruction

LAD:

Sy P R R

Applicable to IVC2 IVC1

Influenced flag bit

IL: DHSCI (S7) (S2) (S3) Program steps 10
) Offset
Operand | Type Applicable elements .
addressing
S1 DINT | Constant|KnX| KnY |KnM| KnS | KnLM | KnSM D SD C V N
S2 DINT C
S3 WORD | Constant

Operand description

S1: a 32-bit DINT data, the
one with which the high
speed counter will compare.
Range: -2147483648 ~
2147483647.

S2: high speed counter.
Range: C236 ~ C255.

S83: interrupt SN. Range: 20 ~
25.

Function description

A high-speed counter will
count in the interrupt mode
only when it is driven by the
HCNT instruction and the
counting input changes from
OFF to ON. When the counter
counts to S17, the S3 interrupt
will start. You can write the
interrupt according to your
actual needs.

Note

1. The DHSCI instruction
must work together with the
HCNT instruction, because
DHSCI is only applicable to
the high speed counters that
is driven by HCNT.

2. The DHSCI instruction will
be validated only by pulse
input. You cannot validate the
instruction by changing the
counter value with
instructions such as DMOV or
MOV.

3. DHSCI (DHSCS, DHSCR, DHSZ, DHSP, DHST) can be used repeatedly.
However, at most the first six such instructions can be driven at the same time.

4. The maximum frequency supported by the PLC high speed counters will be
seriously affected by instructions like DHSCS, DHSCI, DHSCR, DHSZ, DHSP
and DHST. For details, see Chapter 8 Using High Speed I/0.

Example

Main user program:

M1 SMZ36
— X LD M1
L] a ouT SM236
—M—{ HCHT 236 1000 | LD MO
nz a DHSCI 2000 C236 20
—{— DHSCI  z000 C236 20 1 b C236
CZ36 11
3 ouT Y11
Interrupt No.20:
Mio Y20
W 3 LD M10
o iz OUT Y20
H = il 100 2 LD>= DO 100
r 0 ouT Y12
Mov 0 oo 1 Mov 0 DO

1. When M1 is ON, C236 will count in the interrupt mode when X0 changes
from OFF to ON (see Chapter 8 Using High Speed I/O for the description of
the X0 input frequency). When C236 changes from 999 to 1000, the C236
contact will be set. When C236 changes from 1001 to 1000, the C236 contact
will be reset. When C236 contact drives Y11, the execution of Y11 will be
determined by the user program scan cycle.

2. When M2 is ON, and the DHSCI instruction meets the requirements stated in
the preceding “Note”, interrupt No.20 will be executed immediately when C236
reaches 2000, regardless of the the scan cycle.

3. When MO is ON, SM236 is driven, and the C236 counter counts down. When
MO is OFF, SM236 is not driven, and the C236 counter counts up.

4. With pulse input, interrupt No.20 will be executed when C236 reaches 2000,
and Y20 will be driven when M10 is ON. But, the output of Y20 is related to the
scan cycle. Meanwhile, Y12 will be driven and DO will be cleared when DO is
detected to be larger than 100.
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6.10.4 DHSCR: High-speed Counting Compare Reset Instruction

LAD:

— e vdsm sl e I 59]

Applicable to IVC2 IVC1

Influenced flag bit

IL: DHSCR (S17) (S2) (D) Program steps 10
. Offset
Operand | Type Applicable elements addressing
S1 DINT | Constant | KnX| KnY | KnM | KnS | KnLM | KnSM D SD Cc \% N
S2 DINT Cc
D BOOL Y M S Cc

Operand description

S§1: a 32-bit DINT data, the
one with which the high
speed counter will compare.
Range: -2147483648 ~
2147483647.

S2: high speed counter.
Range: C236 ~ C255.

D: target bit element. The
actionon Y, M, S or C will be
valid immediately regardless
of the scan cycle. IfDisa C
element, it must be S2.

Function description

A high-speed counter will
count in the interrupt mode
only when it is driven by the
HCNT instruction and the
counting input changes from
OFF to ON. When the counter
counts to S17, the D element
will be reset (and output, for Y
elements) immediately. You
can use this instruction when
you want to reset (and output,
for Y elements) a certain bit
element by comparing the
counter value with a preset
value.

Note

1. The DHSCR instruction
must work together with the
HCNT instruction, because
DHSCR is only applicable to

the high speed counters that is driven by HCNT.

2. The DHSCR instruction will be validated only by pulse input. You cannot
validate the instruction by changing the counter value with instructions such as
DMOV or MOV.

3. DHSCR (DHSCI, DHSCS, DHSZ, DHSP, DHST) can be used repeatedly.
However, at most the first six such instructions can be driven at the same time.
4. The maximum frequency supported by the PLC high speed counters will be
seriously affected by instructions like DHSCS, DHSCI, DHSCR, DHSZ, DHSP
and DHST. For details, see Chapter 8 Using High Speed I/0.

Example
Sh2ss 110 LD~ SM255
— — e} OouT Y10
ni 0 LD M1
—ll—{ HCHT  C255 1000 1 HCNT C255 1000
£255 120 LD C255
g OuUT Y20
nz 0 OFF
—— - IMSCR 2000 £255 11 ] LD M2

DHSCR 2000 C255 Y1
1. When M1 and X7 are both ON, C255 counts the phase difference of X3 and
X4 in the interrupt mode. When C255 changes from 999 to 1000, C255 contact
will be set, and reset when C255 changes from 1001 to 1000. When C255
contact drives Y20, the execution of Y20 will be determined by the user
program scan cycle.
2. When M2 is ON, and the DHSCR instruction meets the requirements stated
in the preceding “Note”, Y1 will be output immediately when C255 reaches
2000, regardless of the the scan cycle.
3. When the X3 pulse input is ahead of X4, SM255 is ON. When the X4 pulse
input is ahead of X3, SM255 is OFF.
4. When X7, the startup signal of C255, is OFF, C255 will not count.
5. When M1 and X7 are all ON, if X5 is ON, C255 will be cleared, and C255
auxiliary contact will be reset.
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6.10.5 DHSZ: High-speed Counting Zone Compare Instruction

LAD: Applicable to IVC2 IVC1
N e GRS W SO e
IL: DHSZ (S17) (S2) (S3) (D) Program steps 13
Operand | Type Applicable elements Offset'
addressing
S1 DINT |Constant| KnX | KnY | KnM | KnS | KnLM | KnSM D SD C \Y N
S2 DINT |Constant| KnX | KnY | KnM | KnS | KnLM | KnSM D SD C \% S
S3 DINT C
D BOOL Y M S
Operand description Note
S1: a 32-bit DINT data, one of 1. The DHSZ instruction must work together with the HCNT instruction,
the two numbers with which because DHSZ is only applicable to the high speed counters that is driven by
the high speed counter will HCNT.
compare. Range: 2. The DHSZ instruction will be validated only by pulse input. You cannot
-2147483648 ~ 2147483647. validate the instruction by changing the counter value with instructions such as
S2: a 32-bit DINT data, one of DMOV or MOV.
the two numbers with which 3. DHSZ (DHSCI, DHSCS, DHSCR, DHSP, DHST) can be used repeatedly.
the high speed counter will However, at most the first six such instructions can be driven at the same time.
compare. Range: 4. The maximum frequency supported by the PLC high speed counters will be
-2147483648 ~ 2147483647. seriously affected by instructions like DHSCS, DHSCI, DHSCR, DHSZ, DHSP
S3: high speed counter. and DHST. For details, see Chapter 8 Using High Speed I/0.
Range: C236 ~ C255. Example
D: target bit element. The LD Mo
action on'Y, M or S will be T oaa 1000 ] HCNT C249 1000
valid immediately regardless ; - LD M1
of the scan cycle. DHSZ 1500 2aon L4 1o ] DHSZ 1500 2000 C249 Y10
Function description " LD~ SM249
- OuUT Y12
1. A high-speed counter will ] LD  C249
count in the interrupt mode OUT Y6
only when it is driven by the 1. When MO and X6 are both ON, C249 will count up when X0 changes from
HCNT instruction and the OFF to ON, or count down when X1 changes from OFF to ON. When C249
counting input changes from changes from 999 to 1000, the C249 contact will be set; when C249 changes
OFF to ON. from 1001 to 1000, the C249 contact will be reset. When C249 contact drives
2. When the counter value is Y6, the execution of Y6 will be determined by the user program scan cycle.
smaller than S1, the D 2. When M1 is ON, the DHSZ instruction meets the requirements stated in the
element will be set. In preceding “Note”, the states of elements Y10 ~ Y12 are as follows:
addition, the D+1 and D+2 (1) C249 < 1000: Y10: ON. Y11 & Y12: OFF.
elements will be reset. (2) 1000 < C249 < 2000: Y10, Y12: OFF. Y11: ON.
3. When the counter value is (3) C249 >2000: Y10, Y11: OFF. Y12: ON.

2S1 and <S2, the D and D+2
elements will be reset, while
the D+1 element will be set.

The outputs of Y10, Y11 and Y12 are immediate, regardless of the scan cycle.

3. When MO and X6 are ON at the same time, SM249 will be reset if X0
changes from OFF to ON and the counter counts up, and SM249 will be set if
X1 changes from OFF to ON and the counter counts down.

4. When X6 is OFF, C249 stops counting.

5. When MO and X6 are both ON, if X2 is ON, C249 will be cleared, and C249
auxiliary contact will be reset.

4. When the counter value is
bigger than S2, the D and
D+1 elements will be reset,
while D+2 element will be set.
5.1fDis aY element, it will be
output immediately
regardless of the scan cycle.
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6.10.6 DHST: High-speed Counting Table Compare Instruction

LAD: Applicable to IVC2 IVC1
T e i P AT Y e Influenced flag bit
IL: DHST (S1) (S2) (S3) Program steps 10
Operand | Type Applicable elements Offset
i
P P PP addressing
S1 DINT D
S2 INT | Constant
S3 DINT C

Operand description

S1: the starting D element for table comparison. The
following three D elements are the comparison data,
SN of Y element and the output state. These four D
elements form a record.

S$2: the number of records for comparison. Range: 1
~128.

S3: high speed counter. Range: C236 ~ C255.

Function description

1. A high-speed counter will count in the interrupt
mode only when it is driven by the HCNT instruction
and the counting input changes from OFF to ON.

2. When the counter value equates the comparison
data of the present record, the corresponding Y
element will be output.

3. The Y element specified in the present record will
be output immediately, regardless of the scan cycle.
4. You can use the DHST instruction when you want
to immediately output, according to certain
comparison data, the Y elements specified in a
certain table.

Note

1. The DHST instruction must work together with
the HCNT instruction, because DHST is only
applicable to the high speed counters that is driven
by HCNT.

2. The DHST instruction will be validated only by
pulse input. You cannot validate the instruction by
changing the counter value with instructions such
as DMOV or MOV.

3. DHST (DHSCI, DHSCS, DHSCR, DHSP, DHSZ)
can be used repeatedly. However, at most six such
instructions can be driven at the same time.

4. In a user program, the DHSP and DHST
instructions cannot be valid at the same time. That
means a valid DHST (or DHSP) instruction will
make the following DHSP (or DHST) instructions
invalid.

5. The maximum frequency supported by the PLC
high speed counters will be seriously affected by
instructions like DHSCS, DHSCI, DHSCR, DHSZ,
DHSP and DHST. For details, see Chapter 8
Using High Speed I/0.
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Example

The table for comparison is shown below:

i t
— ComParlson data — - Y element Set/Reset Operation flow
Most significant bit Least significant bit
D100=0 D101=100 D102=0 D103=1 1
D104=0 D105=200 D106=1 D107=0 21
D108=0 D109=300 D110=2 D111=1 3!
D112=0 D113=300 D114=3 D115=1 4y
Return to 1
The following is the user program:
LI I v . T — T L LD SM1
T 1 v - I | I U DMOV 100 D100
L [ ws - - P MOV 0 D102
MOV 1 D103
rH LR L Lo oy e DMOV 200 D104
Li.d I =% = (I § v MOV 1 D106

MOV 0 D107

DMOV 300 D108

1 4 T L.z 1 il MOV 2 D110
MOV 1 D111
DMOV 100 D112

T 1 = LLLL I o= = MOV 3 D114
L Do .- I — MOV 1 D115
LD MO

roa 4 v - LLd | UL HCNT C244 1000
e [ e ro- i v LD M1

- un DHST D100 4 C244
HIEE 1 4 el —=— T TN LD M2
—— aqm n- ] = |[.:m‘r .. ouT SM244

T ey w il LD C244

[ ) .- ) _l.-__ w .. out v10

-

1. In the first user-program scan cycle, assign elements D100 ~ D115 with values to generate the table for comparison.
2. When MO and X6 are both ON, the C244 will count when X0 changes from OFF to ON (for the input frequency, see
Chapter 8 Using High Speed I/0). When C244 changes from 999 to 1000, the C244 contact will be set; when C244
changes from 1001 to 1000, the C244 contact will be reset. When the C244 contact drives Y10, the execution of Y10
will be determined by the user program scan cycle.

3. When M1 is ON, and the DHST instruction meets the requirements in the preceding “Note”, the compare will start
with the first record. The compare with the second record will not start until the first compare is over and the
corresponding Y element has been output. After the compare with the last record is over, the compare with the first
record will start again, and SM185 will be set. SD184 is the SN of the present record, and SD182 & SD183 are the
present data for comparison. The corresponding output will be immediate, regardless of the scan cycle.

4. When M2 is ON, SM244 is ON, and C244 will count down. If M2 is OFF, SM244 is OFF, and C244 will count up.

5. When X6 is OFF, C244 is invalid.

6. When MO and X6 are both ON, if X2 is ON, C244 will be cleared, and C244 auxiliary contact will be reset.
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6.10.7 DHSP: High-speed Counting Table Compare Pulse Output Instruction

LAD:
|— 2 mEe S0 |— L DHEE  (sie)]

Applicable to IVC2 IVC1

Influenced flag bit

IL: DHSP (S1) (S2) (S3) Program steps 10
. Offset
Operand | Type Applicable elements addressing
S1 DINT D
S2 INT | Constant
S3 DINT C

Operand description

S1: the starting D element for table comparison. The
following three D elements are the comparison data,
and the data to output to SD180 & SD181. These
four D elements form a record.

S$2: the number of records to be compared. Range:
1~128.

S3: high speed counter. Range: C236 ~ C255.

Function description

1. A high-speed counter will count in the interrupt
mode only when it is driven by the HCNT instruction
and the counting input changes from OFF to ON.

2. When the counter value equates the comparison
data of the present record, the output data of the
present record will become the values of SD180 &
SD181.

3. You can use the DHSP instruction when you want
to control the high speed output or assign values to
certain parameters according to a table. For
example, you can set the SD180 & SD181 (double
word) as the output frequency of the PLSY
instruction, and the PLSY output frequency will be
adjusted by the table compare result.

Note

1. The DHSP instruction must be used together with
the HCNT instruction, because the DHST
instruction cannot be executed unless the related
high speed counter is driven by the HCNT
instruction.

2. When the DHSP instruction is used together with
the PLSY instruction, the values assigned to SD180

and SD181 must meet the frequency output
requirement of the PLSY instruction. For details,
see the description of the PLSY instruction.

3. To stop the comparison at the last record, set the
last output data of the table as 0. Under this
situation, other DHST and DHSP instructions will be
invalid. But at this time, the DHSP instruction is not
regarded as a high speed instruction when it comes
to the number limit of high-speed instructions.

4. The DHSP instruction will be validated only by
pulse input. You cannot validate the instruction by
changing the counter value with instructions such
as DMOV or MOV.

5. DHSP (DHSCI, DHSCS, DHSCR, DHST, DHSZ)
can be used repeatedly. However, at most the first
six such instructions can be driven at the same
time.

6. In a user program, the DHSP and DHST
instructions cannot be valid at the same time. That
means a valid DHSP (or DHST) instruction will
make the following DHST (or DHSP) instructions
invalid.

7. The maximum frequency supported by the PLC
high speed counters will be seriously affected by
instructions like DHSCS, DHSCI, DHSCR, DHSZ,
DHSP and DHST. For details, see Chapter 8

Using High Speed I/0.
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Example

The table for comparison is shown below:

Comparison data Output data (to SD180 & SD181) .
p— : — - — - —— - Operation flow
Most significant bit | Least significant bit | Most significant bit Least significant bit
D100=0 D101=100 D102=0 D103=1 1
D104=0 D105=200 D106=0 D107=2 2
D108=0 D109=300 D110=0 D111=3 3!
D112=0 D113=300 D114=0 D115=4 44
Return to 1

The following is the user program:

am 100
b—( mMO¥ 100 1100 ]
0 LD SM1
K mv 0 1102 ]
. DMOV 100 D100
Lomoy 1 0103 1 MOV 0 D102
200 MOV 1 D103
L mmov zoo 1104 ]
. DMOV 200 D104
L mov 0 D106 1 MOV 0 D106
2 MOV 2 D107
K mwv oz 1107 ]
o DMOV 300 D108
L Dwoy 300 D108 1 MOV 0 D110
i MOV 3 D111
Lo o 2“0 ] DMOV 100 D112
o mov 3 niil ] MOV 0 D114
100 MOV 4 D115
L oMov 100 D12 ] LD MO
L omovy 0 3114 ] HCNT C244 1000
4 LD M1
Lomov 4 s ] DHSP D100 4 C244
Mo i
——{ HCHT  CRdd 1000 ] LD M2
M1 100 i ouT SM244
——{ DHSF D100 4 CZ44 ] LD C244
_|r.12 srﬂ:ZemD ouT Y10
C244 T LD M3
_ 2 PLSY SD180 0 YO
N3 1 0FF
———{ FLSY  SDIE0 0 10 ]

1. In the first user-program scan cycle, assign elements D100 ~ D115 with values to generate the table for comparison.
2. When MO and X6 are both ON, C244 will count when X0 changes from OFF to ON (for the input frequency, see
Chapter 8 Using High Speed I/0). When C244 changes from 999 to 1000, the C244 contact will be set; when C244
changes from 1001 to 1000, the C244 contact will be reset. When the C244 contact drives Y10, the execution of Y10
will be determined by the user program scan cycle.

3. When M1 is ON, and the DHSP instruction meets the requirements in the preceding “Note”, the compare will start
with the first record. The compare with the second record will not start until the first compare is over and the output
data has been output to SD180 & SD181. After the compare with the last record is over, the compare with the first
record will start again, and SM185 will be set. SD184 is the SN of the present record, and SD182 & SD183 are the
present data for comparison. The output data will be output to SD180 & SD181 immediately, regardless of the scan
cycle. If you want to stop the at the last record, set the output data of the last record to 0.

4. When M2 is ON, and SM244 is ON, C244 will count down. When M2 is OFF, and SM244 is OFF, C244 will count up.
5. When X6 is OFF, C244 is invalid.

6. When MO and X6 are both ON, if X2 is ON, C244 will be cleared, and the C244 contact will be reset.
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6.10.8 SPD: Pulse Detection Instruction

LAD: Applicable to IVC2 IVC1
5 G LA e~ R Y - ST v S sl
- S - i —ca Influenced flag bit
IL: SPD (S1) (S2) (D) Program steps 7
Operand | Type Applicable elements Offset
i
P yp PP addressing

S1 BOOL X

S2 WORD | Constant| KnX | KnY | KnM | KnS | KnLM [ KnSM D SD C T V Z N

D WORD D \ N
Operand description MO

S1: input point. Range: X0 ~ X5.

S2: time unit for input point detection. Unit: ms. L‘_Hw HM

Operand S2 > 0. D10: measured

D: the storage register for the counted pulse number, D11: current value r,Ir
which will cause overflow when bigger than 65535. valie g
Function description -

To detect the number of pulses input through X0 ~ X5 * 000ms ><71000ms >

in the specified period of time (ms) and store the result

in the designated storage register. =
1000
Note ; JZ\,\,\

1. SPD and HCNT are contradictory in their occupation D12: elapsed time
of hardware. For details, see Chapter 8 Using High _
Speed I/0. ST e
2. The SPD instruction supports only input points X0 ~ "M_:
X5. L )
. . . e i,
3. Maximum pulse input frequency: 10kHz. Detection &5 e

(-

N (fpn) R K

L Proximity switch
n pulse/round

1. When MO is ON, count the pulses input through X0
within 1000ms, and store the counting result in D10.

may be faulty when frequency is higher than 10kHz.

4. The input frequency of SPD must be subject to the
limit of system total pulse frequency.

Example D11 is the present counting value within the 1000ms,

S0 PLST 10000 o m ] while D12 is the elapsed time within the 1000ms.

mo i 10000 2. D10 is in positive proportion to the rotary speed of

SED o 1000 nio 1 . . .
the plate in the preceding figure.

LD  SMO 3. D10 counts whenever X0 changes from OFF to ON,
PLSY 10000 O YO and the counting value within the last 1000ms will be
LD MO stored in D10.

SPD X0 1000 D10

The time sequence chart of the example program is
shown below:
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6.10.9 PLSY: Count Pulse Output Instruction

LAD:

Applicable to IVC2 IVC1

= ap) s = 'L -
[ # Psp Gl e W) )] Influenced flag bit
IL: PLSY (S17) (S2) (D) Program steps 9
) Offset
Operand | Type Applicable elements .
addressing
S1 DINT | Constant| KnX | KnY | KnM | KnS | KnLM | KnSM D SD C \% N
S2 DINT | Constant| KnX | KnY | KnM | KnS | KnLM | KnSM D SD C \% N
D BOOL Y

Operand description

S1: specified frequency (Hz). Range: 1 ~ 100,000 (Hz).
When S1 is outside this range, the system will report
instruction operand error, and no hardware resources
will be occupied.

Change S17 during the execution of the instruction will
change the output frequency in real time.

S2: output pulse number (PLS).

Range: 0 ~ 2147483647. When S2 is outside this range,
the system will report instruction operand error, output
no pulse, and no hardware resources will be occupied.
When S2is 0, the pulse will output so long as the
instruction is valid. If you change S2 during the
execution of the instruction, the change will be take
effect in the next round.

D: high speed pulse output point. Range: YO, Y1.
Function description

To output specified amount of high speed pulses at the
specified frequency. For that purpose, the load current
on the PLC output transistor should be big, but below
the rated load current.

Note

1. The PLC must use the transistor output mode.

2. When the PLC outputs high-frequency pulses, the
following load current for the PLC output transistor must
be used.

3. The output loop (transistor) for PLSY, PWM and
PLSR is shown as follows:

Load
resistance

External
power supply

4. With large load, the transistor off time is relatively
longer. The PWM, PLSY and PLSR instructions require
that the transistor output terminal be connected to their
corresponding loads. When the output waveform does
not conform to the instruction operand, increase the load
current of the transistor (the transistor load current
<100mA).

5. During or after the execution of the high-speed
instruction, no other instructions can use the same
port, unless the high speed pulse output instruction is
invalid.

6. Using two PLSY instructions can output two
independent pulses at YO and Y1. You can also use
PLSY and the PWM (or PLSR) instructions to get
independent pulse outputs at different output ports
(YO, Y1).

7. When multiple PWM, PLSY or PLSR instructions
work on the same output point, the first valid
instruction will control the state of the output point,
and others will not affect the output point state.

8. Just like other high speed instructions (DHSCS,
DHSCR, DHSZ, DHSP, DHST and HCNT), the PLSY
instruction must meet the system’s requests on high
speed /0.

Example
i OFF
FLST 1000 10000 11 1
OFF
FLST 1000 10000 0 1
LD M1

PLSY 1000 10000 Y1
PLSR 1000 10000 YO

}47 Pulses 44
o LI LI T

Y0
*‘ F Frequency (1000)

%7 Pulses 44
vl L LT L LT L

A F Frequency (1000)

1. When M1 is ON, 10,000 pulses will output through
Y0 and Y1 at the frequency of 1000Hz. Then the
pulse output will stop until MO changes from OFF to
ON when the next round of output will start. When
MO is OFF, there will be no output.

2. The duty cycle of the pulses is 50%. The output is
handled in the interrupt mode, free from the scan
cycle. For high frequency output, the output duty
cycle at Y points is related to the load. The waveform
at output points (YO & Port 0, Y1 & Port 1) is related
to the load: so long as the current does not exceed
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the rated load current, the smaller the load is, the closer
the output wave form is to the set operand.

3. SM80 & SM81 controls the ON/OFF of the output at
Y0 and Y1 respectively. When SM80 or SM81 is 1, the
output is ON.

4. SM82 & SM83 are the output monitors of YO & Y1
respectively. SM82 or SM83 will be OFF after the output
is complete.

5. SD50: the MSB of the output pulse number at YO for
PLSY and PLSR instructions.

SD51: the LSB of the output pulse number at YO for
PLSY and PLSR instructions.

SD52: the MSB of the output pulse number at Y1 for
PLSY and PLSR instructions.

SD53: the LSB of the output pulse number at Y1 for
PLSY and PLSR instructions.

SD54: the MSB of the total output pulse number at
Y0 and Y1 for PLSY and PLSR instructions.

SD55: the LSB of the total output pulse number at YO
and Y1 for PLSY and PLSR instructions.

6. SD50 ~ SD55 can be changed with the instruction
DMOV or MOV, or through the ConstrolStar software.
7. Refer to the DHSP instruction if you want to use
the input pulse number to control the PLSY output
pulse frequency.

6.10.10 PLSR: Count Pulse With Acceleration/Deceleration Output Instruction

LAD:

AR T AR

P

Applicable to IVC2 IVC1

Influenced flag bit

IL: PLSR (S1) (S2) (S3) (D) Program steps 10
. Offset
Operand | Type Applicable elements .
addressing

S1 WORD | Constant| KnX | KnY | KnM | KnS | KnLM | KnSM D SD C T \% VA

S2 DINT |Constant| KnX | KnY | KnM | KnS | KnLM | KnSM D SD C \ N

S3 WORD | Constant| KnX | KnY | KnM | KnS | KnLM | KnSM D SD C T \ Z N

D1 BOOL Y

Operand description

S$1: maximum frequency. Range: 10 ~ 20,000 (Hz).
When 81 is specified indirectly, and if the specified
value is outside this setting range, it will be regarded
as 10 or 20,000, depending on which limit it breaks.
In that case, the system will report operand illegal,
and the high speed pulse output will be based on
the default 10Hz or 20,000Hz.

S2: total output pulse number (PLS). Range: 110 ~
2147483647. When S2 is outside this range, the
system will report instruction operand error, output
no pulse, and no hardware resources will be
occupied.

S3: acceleration or deceleration time (ms). If S7 x
$3 < 100,000, S3 will be regarded as 100000/S1.
Meanwhile the system will report instruction
operand error, and the acceleration or deceleration
time will be uncertain.

If S1 x 83> 82 x 909, S3 will be regarded as S2 x
909/81. Meanwhile the system will report instruction

operand error, and the acceleration or deceleration
time will be uncertain.

(a8 Note

For IVC1, the acceleration / deceleration time must not
be smaller than 50ms.

The speed change is evenly divided into 10 steps
during the acceration or deceleration, each step
being $1/10.

D: high speed pulse output point. Range: YO, Y1.
Function description

The PLSR instruction is a high speed pulse output
instruction with acceleration / deceleration function.
It is used for locating. Targeting at the specified
maximum frequency, the pulse output will
accelerate evenly. After the output pulse number
reaches the preset value, the pulse output will
decelerate evenly.
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The operation process is shown in the following figure:

S1 highest frequency: 10 ~ 2000Hz

/

S1 total output pulse
number: 110 ~
2,147,483,647pls

\

Speed change
in one step is at
most 1/10 of S1

S9 acceleration time
-t P

\j

S5 deceleration time Time (sec)

Note

1. The output frequency of this instruction is 10 ~
20,000Hz. When the acceleration / deceleration rate
exceeds that range, it will be automatically adjusted
according to that range.This instruction is free from the
influence of the scan cycle.

2. Use the transistor output. During the high speed pulse
output, the output current must comply with the related
regulations. The waveform at output points (YO & Port O,
Y1 & Port 1) is related to the load: so long as the current
does not exceed the rated load current, the smaller the
load is, the closer the output waveform is to the set
operand.

3. During the execution of the high-speed instruction, so
long as the power flow is not OFF, no other instructions
can use the same port, unless the high speed pulse
output instruction is invalid.

4. Using two PLSR instructions can output two
independent pulses at YO and Y1. You can also use
PLSR and the PWM (or PLSY) instruction to get
independent pulse outputs at different output ports (YO,
Y1).

5. When multiple PWM, PLSY or PLSR instructions
work on the same output point, the first valid instruction
will control the state of the output point, and others will
not affect the output point state.

6. Just like other high speed instructions (DHSCS,
DHSCR, DHSZ, DHSP, DHST and HCNT), the PLSR
instruction must meet the system’s requests on high
speed /0.

Example

Mo OFF
’—-—E FLSR 10 110 1000 Ti 1
OFF

FLSE 10 110 1000 T 1
LD MO
PLSR 10 110 1000 Y1
PLSR 10 110 1000 YO
1. When MO is ON, YO and Y1 output 110 pulses
respectively at set frequencies. When MO changes
from OFF to ON, pulses will be output again. When
MO is OFF, the output will stop.
2. The operand change during the execution of the
instruction will not be valid until the next time this
instruction is executed.
3. SM80 & SM81 controls the ON/OFF of the output
at YO and Y1 respectively. When SM80 or SM81 is 1,
the output is ON.
4, SM82 & SM83 are the output monitors of YO & Y1
respectively. SM82 & SM83 will be ON when the
output is going on, or OFF when the output is over.
5. SD50: the MSB of the output pulse number at YO
for PLSY and PLSR instructions.
SD51: the LSB of the output pulse number at YO for
PLSY and PLSR instructions.
SD52: the MSB of the output pulse number at Y1 for
PLSY and PLSR instructions.
SD53: the LSB of the output pulse number at Y1 for
PLSY and PLSR instructions.
SD54: the MSB of the total output pulse number at
Y0 and Y1 for PLSY and PLSR instructions.
SD55: the LSB of the total output pulse number at YO
and Y1 for PLSY and PLSR instructions.
6. SD50 ~ SD55 can be changed with the instruction
DMOV or MOV, or through the AutoStation software.
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6.10.11 PLS: Pulse Output Instruction of Envelope

LAD: Applicable to IVC2 IVC1
s I - & bogsr)
e ) sl #2— PEn 0] Influenced flag bit
IL: PLS (S1) (S2) (D1) Program steps 7
Operand| Type Applicable elements Offset
i

P yp PP addressing

S1 WORD | Constant| KnX | KnY | KnM | KnS |KnLM |KnSM| D SD C T \ Z

S2 DINT |Constant| KnX | KnY | KnM | KnS | KnLM | KnSM D SD C \ N

D1 BOOL Y

Operand description

S1: the starting D element
S2: output section number. Range: 0 ~ 255
D1: high speed pulse output point. Range: YO, Y1.

Function description

1. Use the ConstrolStar instruction wizzard to generate
the PLS instruction, which can be called like
subprograms. When the power flow is ON, the system
will output corresponding pulses according to the
configuration. You can control ON or OFF of the PG,
and set frequency & pulse number.

2. There is no output when the section number is 0.

3. SM80 and SM81 can be used to stop the high speed
pulse output. Other flag bits are the same as other
high speed /O instructions.

4. The subprogram PLS_SET generated by the
AutoStation is as follows (n: D element addr. M: total
section number):

LD SMO

DMOQV section 1 step frequency Dn

DMOV section 1 step pulse number Dn + 2

DMOV section 2 step frequency Dn + 4

DMOV section 2 step pulse number Dn+ 6

DMOV section 3 step frequency Dn + 8

DMOV section 3 step pulse number Dn + 10

DMOQV section M step frequency Dn + 4M - 4
DMOV section M step pulse number Dn + 4M - 2
DMOQOV max. speed Dn + 4M

MOV min. speed Dn + 4M + 2

MOV acceleration time Dn + 4M + 3

MOV deceleration time Dn + 4M + 4

Note

1. It is recommended to use the PTO instruction wizard
to generate PLS instruction. If you write the PLS
instruction manually, note that the pulse number of the
steps must not be too small. With set acceleration, the
pulse number of each step must be bigger than the
min. pulse number required by frequency transfer.

2. Use p to stand for the pulse number that a certain
step outputs; F),: frequency of section N; F_ .the

max .

: the maximum speed; 7,,: the

maximum speed; F up -

min *

acceleration time; T, : the deceleration time.

1) When the speed of step N is bigger than that of
step N-1, the pulse number of step N must meet
the following condition:
S (Fy +Fy )x(Fy —Fy_)x Tup
2000 % (F 0 = Fruin)

max

2) When the speed of step N is smaller than that of
step N - 1, the pulse number of step N must meet
the following condition:
s Fy + Fy )} (Fy = Fy ) X Ty
2000 (F,,, — F,

mex ™ Fin)

3. In particular,
1) when N = 1, the frequency of step N — 1 is used
instead of F,; inthe above format.

2) when all the step number is 1, that is to say, only
one section, the pulse number must meet the
following condition:
s it Fu) < (F = Fy ) % (T, 4 To,,)

2000 % (Fpp = Foyin)
3) The pulse number of the last step must meet the
following format:
P> (FM + E’\/I—I ) X (FM - FM4 ) x (Tu;) + Tdmm)

2000%(F,, —F,

max ™ Foin)

4) the frequency set in every step must be within
the range of maximum speed and minimum speed.
5) The maximum total pulse number of all steps is
999,999.
4. Use the transistor output. During the high speed
pulse output, the output current must comply with the
related regulations. The waveform at output points (YO
& Port 0, Y1 & Port 1) is related to the load: so long as
the current does not exceed the rated load current, the
smaller the load is, the closer the output waveform is
to the set operand.
5. During the execution of the high-speed instruction,
so long as the power flow is not OFF, no other
instructions can use the same port, unless the high
speed pulse output instruction is invalid.
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6. The PLSY, PLSR, PLS and locating instructions can
output high speed pulses through Y0 and Y1. Note

6.10.12 PWM: Pulse Output Instruction

that only one instruction can use one output port at
one time.

LAD: Applicable to IVC2 IVC1
e TR TR i "\— W VR AN
.‘\ o - ' e Influenced flag bit
IL: PWM (S1) (S2) (D) Program steps 7
Operand | Type Applicable elements Offset
i
P yp PP addressing

S1 INT |Operand| KnX | KnY | KnM | KnS | KnLM | KnSM D SD C T \Y z

S2 INT |Operand| KnX | KnY | KnM | KnS | KnLM | KnSM D SD C T \Y z N

D BOOL Y

Operand description

S1: pulse width (ms).

Range: 0 ~ 32767 (ms). When S1 is bigger than 32767,
the system will report illegal instruction operand, and
no hardware resources will be occupied.

You can change the output pulses in real-time by
changing S1 during the execution of the instruction.
S2: pulse cycle (ms).

Range: 1 ~ 32767. When S2 is outside the range, the
system will report illegal instruction operand, no pulse
will be output, and no system resources will be
occupied.

You can change the output pulses in real-time by
changing S2 during the execution of the instruction.
S2 must be bigger than S1, or the system will report
illegal instruction operand, no pulse will be output, and
no system resources will be occupied.

D: high speed pulse output point (YO or Y1)

Function description

Output PWM pulses with the width of S and cycle of
S2 at the port designated by D.

Note

1. When S7is 0, YO or Y1 output is OFF. When S7 is
equates S2, YO or Y1 output is ON.

2. The waveform at output points (YO & Port 0, Y1 &
Port 1) is related to the load: so long as the current
does not exceed the rated load current, the smaller the
load is, the closer the output waveform is to the set
operand. Therefore, in order to output high speed
pulses, the load current at the PLC output transistor
must be big, but smaller than the rated load current.
3. During the execution of the high-speed instruction,
so long as the power flow is not OFF, no other
instructions can use the same port, unless the high
speed pulse output instruction is invalid.

4. Using two PWM instructions can output two
independent pulses at YO and Y1. You can also use

the PLSY and PLSR instructions to get independent
pulse outputs at different output ports (YO, Y1).

5. When multiple PWM, PLSY or PLSR instructions
work on the same output point, the first valid
instruction will control the state of the output point, and
others will not affect the output point state.

6. Just like other high speed instructions (DHSCS,
DHSCR, DHSZ, DHSP, DHST and HCNT), the PWM
instruction must meet the system’s requests on high
speed 1/0.

Example
Mo OFF
Fn 40 200 o ]
OFF
P 40 200 T1 ]
LD MO

PWM 40 200 YO
PWM 40 200 Y1

o et
v IEls
T
ol et
e

Where “t” is the pulse width and TO is the pulse cycle.
1. When MO0 is ON, Y0 and Y1 output PWM pulses with
the width of 40ms and cycle of 200ms. When MO is
OFF, the output will stop. The output state is not
affected by the scan cycle.

2. SM80 and SM81 control the output ON/OFF of YO
and Y1 respectively. When SM80 and SM81 are ON,
the output will stop.

3. SM82 and SM83 monitor the output of YO and Y1
respectively. When MO is OFF, SM82 and SM83 are
OFF.
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6.11 Control Calculation Instruction

6.11.1 PID: PID Instruction

LAD: Applicable to IVC2 IVC1
o 5 : ]
—sp— e sow—sH—L D Influenced flag bit
IL: PID (S1) (S2) (S3) (D) Program steps 9
. Offset
Operand | Type Applicable elements )
addressing
S1 INT D N
S2 INT D N
S3 INT D 7
D INT D N

Operand description

D: calculation result output after the program is
executed (MV)

S1: preset value (SV)

S2: current value (PV)

S§3: sampling time (Ts). Range: 1 ~ 32767 (ms). It must
be set bigger than the calculation time.

S3+1: action, alarm and thresholds setting

Bit Value and meaning
0 1
0 Forward Reverse
1 Process Value Process Value alarm
alarm disabled enabled
5 Output value alarm | Output value alarm
disabled enabled
3~4 | Reserved
5 Output threshold Output threshold setting
setting disabled enabled
6 ~15 | Reserved

S$3+2: input filter constant (a ). Range: 0 ~ 99 [%].
Zero means no input filtering function.

S3+3: proportional gain (Kp). Range: 1 ~ 32767 [%].
S3+4: integral time constant (Tl). Range: 0 ~ 32767
(x100ms). Zero means limit, or no integral.

S3+5: differential gain (KD). Range: 0 ~ 100[%]. Zero
means no differential gain.

S3+6: differential time (TD). Range: 0 ~ 32767
(x10ms). Zero means no differential processing.
S3+7 ~ S3+14: internal data register for PID operation
S3+15: PID process value (positive change) alarm
point. Range: 0 ~ 32767 (when bit 1 of S3+1is 1).
S3+16: PID process value (negative change) alarm
point. 0 ~ 32767 (when bit 1 of S3+1is 1).

S3+17: PID output value (positive change) alarm point
0 ~ 32767 (when bit 2 & bit 5 of S3+7are 1 &0
respectively).

Output upper limit: -32768 ~ 32767 (when bit 2 & bit 5
of 83+1 are 0 & 1 respectively).
S$3+18: PID output value (negative change) alarm
point. Range: 0 ~ 32767 (when bit 2 & bit 5 of S3+17 are
1 & 0 respectively).
Output lower limit: -32768 ~ 32767 (when bit 2 & bit 5
of 83+1 are 0 & 1 respectively).
S$3+19: PID alarm output
® Bit 0 process value (positive change) overflows
® Bit 1 process value (negative change) overflows
® Bit 2 output value (positive change) overflows
® Bit 3 output value (negative change) overflows
Where, S3 ~ S3 + 6 are the mandatory user set
operands, while S3 + 15 ~ S3 + 19 are optional user
set operands. You can set the operands through the
PID instruction wizard of the AutoStation.

Function description

1. PID calculation will be carried out when the power
flow is ON and it is the sampling time.
2. Multiple PID instructions can be executed
simultaneously (no limit on the loop number). However,
note that the elements used as S1, S2, S3 or D should
be different.
3. The PID instruction is applicable to timed interrupt
subprograms, ordinary subprograms and the main
program. Note that before using the PID instruction,
confirm the operand settings and clear the internal
data registers S3+7 ~ 83 + 14 first.
4. The input filtering constant can smooth the change
of measured value.
5. The differential gain can smooth the change of
output value.

6. Action direction: bit 0 of S3+17 is used to set the
forward (positive reactioin) and reverse (negative
reaction) of the system.
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7. Output thresholds: when the output threshold setting is enabled (bit 5 & bit 2 of S3+17 are 1 and 0 respectively), the
integral of PID can be controlled from becoming too big. The output value is shown as below:

Output value
Without
1/ output limits
S3+17 PR |
Upper limit > } A No output
i N ! —
S3+18 * \! A
Lower limit > \L \lllo output
With output NN // N
limits i S
Time

8. Alarm setting: when the output thresholds are set valid (in S3+17, bit 1 is 1, BIT2 is 1 and bit 5 is 0), the PID
instruction will compare the current value with the preset value in S3+15 ~ S3 + 18. If the current value is bigger than
the preset value, PID will report alarm, and the corresponding bits in S3+79 will be set. In this way you can monitor the
input change and output change. See the following figures.

Inpuachange

Positive change /Q'\ fffffffffffff —

Negative change >F—r—

\
Alarm flag ‘

S3+19
bit 0 JON | OFF

» Sampling times

Output change

Positive change >

Negative change >

» Sampling times

S3+19

bit 1

Alarm flag } }
S3+19 | |
bit 2 | ON OFF
[
S3+19
bit 3 OFF |oN

9. Basic PID equations:

Direction PID equations
AMV = KP {(E‘J a BV a1) + %E‘J wt Dn}
I
EVh =PVn-1-SV
Forward
Doz — T (PVut PVar 2= 2PVar 1)+ — 2212 p,
Ts+ ap* Tp Ts+ ap* To
MV: =Y AMV
ANV = KP {(E‘J a= EV ar1] + %E‘J wt Dn}
I
EVi=SV—-PVur-1
Reverse
Doz (2PVur1—PVare PV )4 — 21" yp,
Ts+ ap* Tp Ts+ ap* To
MV. =Y AMV
Operand description:

Symbol Description Symbol Description
EV The current Error Value D» The current Differential Value
EVi-i The previous Error Value Da-1 The previous Differential Value
SV The Set Point Value KP The Proportion Constant
PVar The calculated Process Value Ts The Sampling Time
PVar-1 The previsou Process Value T The Integral Time Constant
PVit-2 The second previous Process Value To The Differential Time
AMV The change in the output Manipulation Values op The Differential gain
MV The current output manipulation value
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Example

// PID initialization. If the control operands are the same, you can initialize the operands only once.

LD SM1 /lInitialization, executed only once
MOV 1000 D500 //Setting target value
MOV 500 D510 //Sampling time (Ts) Range: 1 ~ 32767 (ms). It must be bigger than the
/I calculation time
MOV 7 D511 /[Action direction
MOV 70 D512 /lInput filtering constant (@ ) Range: 0 ~ 99 [%]. Zero means no input filtering
MOV 100 D513 /IProportional gain (Kp) Range:1 ~ 32767 [%]
MOV 25 D514 /lIntegral time (Tl) Range: 0 ~ 32767 (x100ms). Zero means limit, or no integral
MOV 0 D515 /[Differential gain (KD) Range: 0 ~ 100[%]. Zero means no differential gain
MOV 63 D516 /[Differential time (TD) Range: 0 ~ 32767 (x10ms). Zero means no differential
Il processing
FMOV 0 D517 8  //Clearing the memory for the transit data of PID calculation
MOV 2000 D525 /IProcess value (positive change) alarm setting 0 ~ 32767
MOV 2000 D526 //Process value (negative change) alarm setting 0 ~ 32767
MOV 2000 D527 //Output value (positive change) alarm setting 0 ~ 32767
MOV 2000 D528 //Output value (negative change) alarm setting 0 ~ 32767
/IPID instruction execution
LD MO //User-controlled PID calculation program
FROM 0 5 D501 1 /lInput current measured value (users can input measured values

/I according to the actual situation)

PID D500 D501 D510 D502  //PID instruction: PID S1 S2 S3 D

TO 0O 8 D502 1 /IPID calculation result is fed back to the controlled system (users can
// handle the PID calculation result according to the actual situation)

The LAD of the above instructions is shown below: situation could be different), assigned to the
T corresponding elements, and the PID calculation will
— mov 1000 500 1 . . .
s be carried out. The calculation result will be converted
L 1510 1 into analog signals through the external D/A module
[ wov  1esor Sii 1 (the actual situation could be different) and fed to the
70 controlled system.
K mov 70 1512 ]
100 Note
L mo¥ 100 513 1
b o e :Zs':%u ] 1. The operand D should be a register outside of the
i, Saving Range. Otherwise, it should be cleared (LD
LA iy 1 SMO MOV 0 D****) in the first operation.
L omav 63 516 1 2. The PID instructions occupies 20 consecutive
TN B g ] registers starting with S3.
2000 3. The maximum error of sampling time (TS) is - (scan
H o mov 2000 525 1 .
cycle + 1ms) ~ + (scan cycle). When TS is small, the
L mov 2000 128 1 PID effect will be affected. It is recommended to use
T e i PID instruction in the timed interrupt.
o s e i 4. When setting the PID output thresholds, if the upper
n Bl limit is smaller than the lower limit, the system will
W= ! £y ; ! report operand error, and no PID calculation will be
oo 1500 1501 2510 E ] carried out.
I w0 o e ) ] 5. When the process value alarm and output value

alarm are enabled, S3 + 15 ~ S3 + 18 cannot be set
negative, or the system will report operand error, and
no PID calculation will be carried out.

The PLC will initialize the PID operands only in the first
scan cycle. When X2 is ON, the current measured
value will be read from external A/D module (the actual
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6. Setting bit 2 and bit 5 of S3+7 ON at the same time 9. The PID operands must be initialized before the PID
will be regarded as invalid (essentially the same as instruction is executed the first time. If the operands
setting bit 2 and bit 5 OFF), and there will be no limit, remain the same during the operation, and the related
nor output value alarm. operand elements will not be covered by other
7. When the PID control operands (S3 ~ S3 + 6) are programs, you can initialize the PID operands only
set outside their ranges, the system will report operand once. However, if the data in the transit data registers
error, and no PID calculation will be carried out. are changed during the PID calculation, the calculation
8. When the sampling time is smaller than the scan result will be incorrect.
cycle, if there is data overflow or result overflow during
the calculation, there will be no alarm, and the PID
calculation continues.
6.11.2 RAMP: Ramp Wave Signal Output Instruction
LAD: Applicable to IVC2 IVC1
[ TR g S I e “ Y Influenced flag bit
IL: RAMP  (S1) (S2) (D7) (S3) (D2) Program steps 12
. Offset
Operand | Type Applicable elements .
addressing
S1 INT |Constant| KnX [ KnY | KnM | KnS |KnLM | KnSM D SD C T Vv z N
S2 INT |Constant| KnX [ KnY | KnM | KnS |KnLM | KnSM D SD C T \% Zz N
D1 INT D Y N
S3 INT |Constant| KnX [ KnY | KnM | KnS |KnLM | KnSM D SD C T Vv z N
D2 BOOL Y M S LM C T

Operand description

S1: starting value

S2: end value

D1: output value

S3: step number. S3 >0, or system will report operand
error. and do not execute the calculation.

D2: output state 0

Function description

In each scan cycle, when the power flow is ON, this
instruction can determine the increment and current
output value D17 according to the ramp wave height
and step number. When the output value D7 reaches
S2, it will keep stable, and the output state D2 will be
set ON. If the power flow falls, the output state D2 will
be set OFF, but the output value D7 will not change,
until the power flow rises again, when D7 will be
initialized as S1, and continue to conduct the next
ramp calculation.

See the following figure:

prf

D2

pf: state of the power flow

Analysis of the execution process of the ramp
instruction is shown in the following figure (S3=5):

DI

D2

sus|

53

Note

1. If the result is not divisible when calculating the
program steps, round off to the nearest whole number.
2. The instruction will generate one ramp data upon
every rising edge.

3. When S1=S82, D1=S2, D2=ON.

4. The total number of RAMP, HACKLE and
TRIANGLE instructions in a program should not
exceed 100.

Example

/lInitialize registers upon the first scan cycle after the

power-on
LD SM1
MOV 0 DO
MOV 2000 D1

/[Execute RAMP instruction when X0 is ON
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6.11.3

LD X0
RAMP DO D1 D10 1000 MO

/[Output the ramp function result to external DA
module when X1 = ON to generate ramp wave form

LD X1
TO 06D101
The LAD of the preceding instructions is shown below:

! ;
— h'\l:——d mMr Qo 1] 1

{ Wy 20F] ]| 1

a0 ]
- M m ] 1] 10 3] 1
L My ow o g i i 1

1. When X0 is ON, D10 (in the first cycle, D10 = DO = 0)
will increase by 2 (2000/1000) in every scan cycle.
When D10 = D1 = 2000, D10 will increase no more,
and MO will be ON. During the generation of the ramp
function, if the power flow falls, the output state D2 will
be OFF, the output value D1 will keep its current value
until the next rising edge, when D10 = D0 and a new
ramp starts.

2. You can use an external special module to convert
the data into analog waveform.

HACKLE: Hackle Wave Signal Output Instruction

LAD: Applicable to IVC2 IVC1
S S RS AL L WuEDRe— RS UWRER LR R T Influenced flag bit
IL: HACKLE (S1) (S2) (D1) (S3) (D2) Program steps 12
Operand | Type Applicable elements Offset
|
P w PP addressing
S1 INT | Constant|KnX| KnY | KnM | KnS | KnLM | KnSM D SD C T V| Z N
S2 INT | Constant|KnX| KnY | KnM | KnS | KnLM | KnSM D SD C T vV | Z N
D1 INT D \% N
S3 INT | Constant|KnX| KnY | KnM | KnS | KnLM | KnSM D SD C T V| Z N
D2 BOOL Y M S LM C T
Operand description
. f
S1: starting value 8
S2: end value sz
D1: output value ST o0 vy
. DI P I
S83: step number. S3 > 0, or system will report B i i B
operand error. and do not execute the calculation 2
D2: output state
pf: state of the power flow

Function description

In each scan cycle, when the power flow is ON,
this instruction can determine the increment and
current output value D7 according to the hackle
wave height and step number. When the output
value reaches S2, it will be initialized as S1 and
the state output D2 will be set ON. If the power
flow in the next scan cycle is still ON, D2 will be
set OFF to produce the next hackle wave. If the
power flow falls, the output state D2 will be OFF,
and the output value D1 will keep its current value
until the next rising edge, when the output value
D1 will be initialized as S1, and the next hackle
wave will be created, as shown in the following
figure.

The analysis of the hackle wave instruction is shown in
the following figure (S3=5):

D1

D2

sus|

53
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Note

1. If the result is not divisible when calculating the
program steps, round off to the nearest whole
number.

2. The instruction will generate a series of
continuous hackle wave data so long as the

/IWhen X1 is ON, output the result of ramp function to
external DA module to generate hackle waveform

LD X1

TO 01D101

The LAD for the preceding instruction is shown in the
following figure:

power flow keep ON _|SM1 my o gn ]
3. When 81 =82, D1=S2, D2 = ON (no counting 2000
Mo 2000 o 1
pulse)
0 il 2000 1534 OFF
4. The total number of RAMP, HACKLE and —l— HACKLE DO n 010 1000 ho
TRIANGLE instructions in a program should not _ﬁ“ m o . 1 . ;
exceed 100.
1. When X0 is ON, D10 (in the first cycle, D10 = DO = 0)
Example

/llInitialize registers upon the first scan cycle after

power-on
LD SM1

MOV 0 DO

MOV 2000 D1

//Execute HACKLE instruction when X0 is ON
LD X0

HACKLE DO D1 D10 1000 MO

will increase by 2 (2000/1000) in every scan cycle. When
D10 = D1 = 2000, MO will be ON. In the next scan cycle, if
X0 keeps ON, D10 = DO = 0, and MO is OFF, the next
hackle wave will start. If the power flow falls, the output
state D2 will be OFF, but the output value D7 will keep its
current value until the next rising edge, when D7 will be
initialized as S1, and a new hackle wave starts.

2. You can use an external special module to convert the
data into analog waveform.

6.11.4 TRIANGLE: Triangle Wave Signal Output Instruction

LAD: Applicable to IVC2 IVC1

T R G P e RN - | Influenced flag bit

IL: TRIANGLE (S17) (S2) (D1) (S3) (D2) Program steps 12

Offset
Operand | Type Applicable elements )
addressing

S1 INT |Constant| KnX | KnY |KnM| KnS | KnLM | KnSM D SD C T \% Z N
S2 INT |Constant| KnX | KnY |KnM| KnS | KnLM | KnSM D SD C T \% A N
D1 INT D v N
S3 INT |Constant| KnX | KnY |KnM| KnS | KnLM | KnSM D SD C T \% A N
D2 BOOL Y M S LM C T

Operand description
S1: starting value

S2: end value

D1: output value

S3: step number. S3 > 0, or system will report operand

error, and do not execute the calculation.
D2: output state

Function description

In each scan cycle, when the power flow is ON, this
instruction can determine the increment and current
output value D17 according to the triangle wave height
and step number. When the output value reaches S2,
the rising half of the triangle is complete, the increment
direction of the output value will change and generate
the falling half of the triangle. When the output value
D1 reaches S1 again, the state output D2 will be set

ON. In the next scan cycle, if the power flow keeps ON,
the state output D2 will be set OFF and the next
triangle will be generated. If the power flow falls, the
output state D2 will be OFF, the output value D7 will
keep its current value until the power flow rises again,
when D1 will be initialized as S71, and a new triangle
wave will start. See the following figure:

pf

S1—

S |

pf: state of the power flow
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The analysis of the execution of the triangle instruction
is shown in the following figure (S3 = 5):

i
pil}

D1

2

SM15

(53 ~1)%2

Note

1. If the result is not divisible when calculating the
program steps, round off to the nearest whole number.
2. The instruction will generate a series of continuous
triangle wave data so long as the power flow keep ON
3. When S81=S82, D1=S2, D2 = ON (no counting
pulse), the cycle of the triangle wave is (S3 - 1) x 2.

4. The total number of RAMP, HACKLE and
TRIANGLE instructions in a program should not
exceed 100.

Example

/I Initialize registers upon the first scan cycle after
power-on

LD SM1
MOV 0 Do
MOV 2000 D1

//[Executie TRIANGLE instruction when X0 is ON

LD X0

TRIANGLE DO D1 D10 1000 MO

/I When X1 is ON, output the result of ramp function to
external DA module to generate triangle waveform

LD X1

TO 01D101

The LAD of the preceding instruction is shown in the

following figure:
M1

)—f Mov o 10 1
MOV 2000 o 1
%0

Q 2000 1050 UFF
TRIANGLE DO 1| D10 1000 Mo
X1 1050
—{ TO 0 1 D10 1 1

1. When X0 is ON, D10 (in the first cycle, D10 = DO = 0)
will increase by 2 (2000/1000) in every scan cycle.
When D10 = D1 = 2000, the rising half of the triangle is
complete, and D10 will decrease by 2 in every scan
cycle that follows. When D10 = DO = 0, a complete
triangle is complete, and MO is ON. In the next scan
cycle, if X0 keeps ON, and MO is OFF, the next triangle
wave will start. If the power flow falls, the output state
D2 will be OFF, but the output value D7 will keep its
current value until the next rising edge, when D17 will
be initialized as S71, and a new triangle wave starts.

2. You can use an external special module to convert
the data into analog waveform.
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6.12 Communication Instruction

6.12.1 Modbus: Modbus Master Station Communication Instruction

LAD:

B WS OEREEE TR, DS i LSy

Applicable to IVC2 IVC1

Influenced flag bit

IL: Modbus (S7) (S2) (S3) Program steps 8
. Offset
Operand | Type Applicable elements addressing
S1 INT | Constant
S2 INT D Vv
S3 INT D J
Operand description Example
S1: designated communication channel S"'ll_{ w3 - .
S2: starting address of the data to be transmitted A " ]
S3: starting address for storing the received data
L mov o D2 1
Function description
L omoy 1o k] ]
1. When being a master station, when the input
conditions are met, the system will transmit the data romovos D4 ]
stored in the unit starting with S2, and then receive the —S'|“2|4—[ MODEVS 1 il D100 ]
data and save it to the unit starting with S3. LD SM1
2. When being a slave station, the system needs no MOV 3 DO
instruction control for transceiving data. MOV 1 D1
3. This instruction is executed upon the rising edge. MOV 0 D2
Note MOV 10 D3
1. Sending data through Modbus, whether the data is MOV 5 D4
in RTU mode or ASCIl mode, you only need to store AND SM124

the RTU-mode data into the unit starting with S2. You
do not need to store the starting character, ending
character and checksum, because they will be added
to the data automatically in the sending process.

2. You do not need to set the length for the data to be
sent. The system will set the length automatically
based on the instruction.

S2 Slave address

S2+1 Function code
S2+2 Data 1
S2+N+1 Data N

3. The data, when received through Modbus, will be
stored in RTU-mode, regardless of whether you set it
in RTU mode or ASCII mode. That is, when you set the
data to ASCII mode, the system will automatically
convert them to hexadecimal, remove the starting
character and ending character, and save them in the
data area starting with S3.

4. The sent and received data are stored in the low
bytes of the word element. High bytes are not used.

Modbus 1 DO D100

1. Store the data sent through Modbus into the
element starting with DO.

2. Store the data received in the elements starting with
D100.

3. After receiving data through Modbus, the system will
conduct CRC check, address check and instruction
check. If there is any error, the error flag (SM136) will
be set, and the error details will be recorded in the
special register SD139.

The communication error codes are shown below:

Code Description
0x01 lllegal instruction
0x02 | lllegal register address

0x03 | Wrong number of data

Communication timeout. The communication

0x10
X exceeds the preset communication time limit

0x11 Error in receiving data frame

Operand error. Operand (mode or master/slave)

0x12 .
setting error

Error occurs because t he local station SN is the

0x13
X same as that set by the instruction

For the detailed application methods, see Chapter 10
Using Communication Function.
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6.12.2

IVFWD: FREQUENCY CONVERTER Forward Rotation Instruction

LAD:

fsH T ] s 2T ]

Applicable to IVC1

Influenced flag bit

IL: IVFWD (S7) (S2)) Program steps 6
. Offset
Operand | Type Applicable elements addressing
i
S1 INT | Constant
S2  |WORD|Constant| D | V N

Operand description

S$1: designated communication channel (channel 1)
S2: drive address. Broadcast mode. Broadcast
address: 00. Slave address range: 1 ~ 247.
Function description

1. Control the drive forward running through
communication in the Modbus protocol.

2. This instruction is executed upon the rising edge.

Note

The total number of the instructions for the Modbus
communication between PLC and drive does not
exceed 128.

Example

M

1 IVF#D 1 1 ]
LD M1
IVFWD 1 1

Set serial port 1, drive address #1, and control the
drive forward running through communication in the
Modbus protocol.

After the drive receives the data, it will conduct CRC
check, address check and instruction check and set

the communication completion flag (SM135) after the
communication. If there is any error, the error flag
(SM136) will be set, and the error details will be
recorded in the special register SD139.

The error codes in FREQUENCY CONVERTER
instruction communication are listed below:

Error

Description
code o
0x1 lllegal instruction
0x2 lllegal register address

0x3 Data error. The data exceed the range

Slave operation failure, including the error caused

Ox4 by invalid data within the data range

0x5 Instruction valid, processing. It is used to store
data to EEPROM.

0x6 Slave busy, please try again later. It is used to
store data to EEPROM.

0x18 Information frame error, including the information

length error and check error

0x20 | The parameter cannot be modified

The parameter cannot be modified in the RUN

21
Ox state (only EV3100 supports this function)

0x22 | The parameter is protected by password
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6.12.3 IVREV: FREQUENCY CONVERTER Reverse Rotation Instruction
LAD: Applicable to Ivc1
":‘;i“ | {__-,. T1r FE'[ | E':'.l ' S0
|" S2TVRrY ] | SAVHEY ] Influenced flag bit
IL: IVREV (S1) (S2) Program steps 6
Operand | Type Applicable elements Offset
P yp PPl addressing
S1 INT | Constant
S2  |WORD| Constant Y N
Operand description Example
S1: designated communication channel (channel 1) M1 LD M1
. 1 IVEEY 1 L 1 IVREV1 1
S2: drive address. Broadcast mode. Broadcast ] ]
address: 00. Slave address range: 1 ~ 247. 1. Set the serial port 1, drive address #1, and control
. o the drive reverse running through communication in
Function description the Modbus protocol.
1. Control the drive reverse running through 2. After the drive receives the data, it will conduct CRC
communication in the Modbus protocol. check, address check and instruction check, and set
2. This instruction is executed upon the rising edge. the communication completion flag (SM135) after the
communication. If there is any error, the error flag
(SM136) will be set, and the error details will be
recorded in the special register SD139.
6.12.4 IVDFWD: FREQUENCY CONVERTER Touch Forward Rotation Instruction

LAD:
-ty - e v s . § A e e
Yem AR IoweRTy R TR

Applicable to IVC1

Influenced flag bit

IL: IVDFWD (S1) (S2) Program steps 6
Offset

Operand | Type Applicable elements

P yp PPl addressing

S1 INT | Constant

S2 |WORD| Constant v N
Operand description Example

. ; ot M1 LD M1
S1: designated communication channel (channel 1) | [ TVIFHD 1 ) 1 WDEWD 1

S2: drive address. Broadcast mode. Broadcast

address: 00. Slave address range: 1 ~ 247.

Function description

Set the serial port and drive address, and control the
drive jog forward running through communication in

the Modbus protocol.

Set the serial port 1 and drive address #1, and control

the drive jog forward running through communication

in the Modbus protocol.

2. After the drive receives the data, it will conduct CRC
check, address check and instruction check, and set

the communication completion flag (SM135) after the
communication. If there is any error, the error flag
(SM136) will be set, and the error details will be

recorded in the special register SD139.
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6.12.5

6.12.6

IVDREV: FREQUENCY CONVERTER Touch Reverse Rotation Instruction
LAD: L . .| _Applicable to IVC1
B A e A B e
TS - = o = - Influenced flag bit
IL: IVDREV (S1) (S2) Program steps 6
. Offset
Operand | Type Applicable elements )
addressing
S1 INT | Constant
S2 WORD | Constant| D | V N
Operand description Example
S$1: designated communication channel (channel 1 M LD M1
9 ( ) P IVDREV 1 L ] \WDREV 11

S$2: drive address. Broadcast mode. Broadcast
address: 00. Slave address range: 1 ~ 247.

Function description

1. Set the serial port and drive address, and control the
drive jog reverse running through communication in
the Modbus protocol.

2. This instruction is executed upon the rising edge.

1. Set the serial port 1 and drive address #1, and
control the drive jog reverse running through
communication in the Modbus protocol.

2. After the drive receives the data, it will conduct CRC
check, address check and instruction check, and set
the communication completion flag (SM135) after the
communication. If there is any error, the error flag
(SM136) will be set, and the error details will be
recorded in the special register SD139.

IVSTOP: FREQUENCY CONVERTER Stop Instruction

LAD: Applicable to IVC1
O e b A
T A i Influenced flag bit
IL: IVSTOP (S1) (S2) (S3) Program steps 8
Offset
Operand | Type Applicable elements se‘
addressing
S1 INT | Constant
S2 WORD | Constant| D | V N
S3 WORD | Constant| D | V N
Operand description Example
S1: designated communication channel (channel 1) i [ TVSTOF 1 1 o 1
S2: drive address. Broadcast mode. Broadcast D M1

address: 00. Slave address range: 1 ~ 247.

S3: drive stop mode.

There are three stop modes: stop mode 0 (stop), stop
mode 1 (free stop), stop mode 2 (JOG stop).
Function description

1. Set the serial port and drive address, and control the
drive jog reverse running through communication in
the Modbus protocol.

2. This instruction is executed upon the rising edge.

IVSTOP 1 1 O

1. Set the serial port 1, drive address #1, and the drive
stop mode 0 (stop according to the set deceleration
time), and control the drive stop through
communication in the Modbus protocol.

2. After the drive receives the data, it will conduct CRC
check, address check and instruction check, and set
the communication completion flag (SM135) after the
communication. If there is any error, the error flag
(SM136) will be set, and the error details will be
recorded in the special register SD139.
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6.12.7

IVFRQ: FREQUENCY CONVERTER Set Frequency Instruction
LAD: Applicable to IVC1
— ——1 1R G0 (52) 53) ] .
Influenced flag bit
IL: IVFRQ (S1) (S2) (S3) Program steps 8
) Offset
Operand | Type Applicable elements .
addressing
S1 INT | Constant
S2 |WORD| Constant | D Vv N
S3 |WORD]| Constant | D Y N
Operand description Example
S1: designated communication channel (channel 1) M1
S2: drive address. Broadcast mode. Broadcast { IV 1 ! =t
address: 00. Slave address range: 1 ~ 247. LD M1

S3: frequency of the drive
Function description

1. Set the serial port and drive address, and control the
drive operation frequency through communication in
the Modbus protocol.

2. This instruction is executed upon the rising edge.

IVFRQ 1 1 50

1. Set the serial port 1 and drive address #1, and
control the drive operation frequency through
communication in the Modbus protocol.

2. After the drive receives the data, it will conduct CRC
check, address check and instruction check, and set
the communication completion flag (SM135) after the
communication. If there is any error, the error flag
(SM136) will be set, and the error details will be
recorded in the special register SD139.
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6.12.8

IVWRT: FREQUENCY CONVERTER Write Single Register Value Instruction

LAD: Applicable to IVC1
Wase ST IS0 A LAY b Influenced flag bit
IL: IVWRT (S1) (S2) (S3) (S4) Program steps 10
. Offset
Operand | Type Applicable elements addressing
S1 INT | Constant
S2 WORD | Constant| D Y N
S3 WORD | Constant| D Y N
S4 WORD | Constant| D Y N
Operand description Example
S1: designated communication channel (channel 1) M v 1 oo ]
S$2: drive address. Broadcast mode. Broadcast
address: 00. Slave address range: 1 ~ 247. IVWET 1 1 Iin
S3: register address LD M1
S4: register value MOV 1 DO
Function description IVWRT 1 1 D10 1

1. Set the serial port and drive address, input the
register address and register value, and the
corresponding register will be assigned with the set

value through communication in the Modbus protocol.

2. This instruction is executed upon the rising edge.

1. Set the serial port 1 and drive address #1, input the
register address 1 (digital frequency control) and
register value 1 (disable frequency saving upon
power-off), and write the value into the corresponding
register through communication in the Modbus mode.
2. After the drive receives the data, it will conduct CRC
check, address check and instruction check, and set
the communication completion flag (SM135) after the
communication. If there is any error, the error flag
(SM136) will be set, and the error details will be
recorded in the special register SD139.
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6.12.9

IVRDST: FREQUENCY CONVERTER Read Status Instruction

LAD:

| JINRDET  rSis faitd el {GEd

Applicable to IVC2 IVC1

—

Influenced flag bit

IL: IVRDST (S1) (S2) (S3) (D1)

Program steps 10

Offset
Operand | Type Applicable elements se.
addressing
S1 INT | Constant
S2 WORD | Constant| D | V N
S3 |WORD|Constant| D | V N
D1 |WORD D N
Operand description Example
) . L mi
S1: designated communication channel (channel 1) TVEDST 1 ) . -
S2: drive address. Broadcast mode. Broadcast
LD M1

address: 00. Slave address range: 1 ~ 247.
83: status information selection

0| Running status word 4| Output voltage
Actual operation value
1| in the current main
setting

al

Running speed

Operation fault
information

2| Drive model

3| Output current

D1: storage address of the returned status information
Function description

1. Read the FREQUENCY CONVERTER status
information through communication in the Modbus
protocol.

2. This instruction is executed upon the rising edge.

IVRDST 111 DO

1. Set the serial port 1, drive address #1, read status
information selection 1 (actual running value in the
current main setting) and set DO as the storage
register for the returned status information. Read
FREQUENCY CONVERTER status information
through communication in the the Modbus protocol.
2. After the drive receives the data, it will conduct CRC
check, address check and instruction check, and set
the communication completion flag (SM135) after the
communication. If there is any error, the error flag
(SM136) will be set, and the error details will be
recorded in the special register SD139.
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6.12.10

IVRD: FREQUENCY CONVERTER Read Single Register Value Instruction
LAD: Applicable to IVC1
L il = i | Influenced flag bit
IL: IVRD (S1) (S2) (S3) (D1) Program steps 10
. Offset
Operand | Type Applicable elements )
addressing
S1 INT | Constant
S2 WORD | Constant| D Y N
S3 |WORD| Constant| D Y N
D1 |[WORD| D N
Operand description Example
S1: designated communication channel (channel 1) i ny o oo ]
S2: drive address. Broadcast mode. Broadcast
address: 00. Slave address range: 1 ~ 247. IVED 1 1 nio nzo
S3: address of the register to read LD M1
D1 storage address of the returned value MOV 2 D10

Function description

1. Read a single FREQUENCY CONVERTER register
through communication in the Modbus protocol.

2. This instruction is executed upon the rising edge.

IVRD 1 1 D10 D20

1. Set the serial port 1, drive address #1, read register
address 2 (initially set frequency of the drive) and set
D20 as the storage register for the returned value.
Read a single FREQUENCY CONVERTER register
through communication in the Modbus protocol.

2. After the drive receives the data, it will conduct CRC
check, address check and instruction check, and set
the communication completion flag (SM135) after the
communication. If there is any error, the error flag
(SM136) will be set, and the error details will be
recorded in the special register SD139.
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6.12.11 XMT: Free-Port Sending (XMT) Instruction

LAD: ) Applicable to IVC2 IVC1
™ o e - ek S e - R
C B Influenced flag bit
IL: XMT (S7) (S2) (S3) Program steps 7
) Offset
Operand | Type Applicable elements .
addressing
S1 INT | Constant
S2 WORD D \
S3 INT | Constant|KnX| KnY [KnM| KnS | KnLM D SD C T V Z
Operand description Example
S1: designated communication channel. Range: 0, 1 _f'““ S - ]
S2: starting address of the data to be sent T0
—— ——[ E®EST O 1
S3: number of bytes to be sent
L mov 1E# bl 1
Function description
L mov 16%0 T1 1
When the power flow is valid, and the communication
conditions are met, the designated data will be sent o mov 16# 12 1
through the designated channel. Ko omov 1 3 1
Note U omov  1ese 4 1
1. Size of communication frame: depending on the I oRsT  amez ]
element type (D or V) of the communication frame, the
iNT 1 i 5
ending character of the frame does not exceed D7999 S L :
or V63. — — 1K Dioo ]
2. In case of shutdown, the sending will stop. LD SMO
Special register TON  TO 100
1. SM110/SM120: Sending enabled flag. It will be set LD 10
when the XMT instruction is used and cleared when RST T0
the sending is completed. When it is reset, the current MOV 16#1 DO
sending stops. MOV 16#0 D1
2. SM112/SM122: sending completed flag. When it is MOV 16#1 D2
judged that the sending is completed, the sending MOV 16#1 D3
completed flag will be set. MOV 16#2 D4
3. SM114/SM124: Idle flag. When the serial port has RST SM122
no communication. taskf it will be set, .anc.i it can be XMT 1 DO5
used as th? checking bit for commur.uca.tlon. LD SM122
4. For detailed examples of the application, please INC D100

refer to Chapter 10 Communication Function Use

. In this example, one data frame is sent in every 10s.
Instruction.

The following data will be sent through serial port 1.
[01]00]o1]o1]02 ]|

1. Set port 1 in the system block as free port, and then
set the baud rate, parity check, data bit and stop bit.

2. Write the data to be sent into the transmission buffer
area. For IVC2, only the low bytes of the word element
will be sent.

3. Reset the sending completed flag (SM122) before
sending the data.

4. When the sending is completed, set the sending
completed flag (SM122).
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6.12.12 RCV: Free-Port Receiving (RCV) Instruction

LAD:

|—| P— Rifs2 mu]|_| BT R ]

Applicable to IVC2 IVC1

Influenced flag bit

IL: RCV (S1) (D) (S2) Program steps 7
. Offset
Operand | Type Applicable elements )
addressing
S1 INT | Constant
D WORD D Y
S2 INT | Constant|KnX| KnY [KnM| KnS | KnLM D SD (o} T \% VA

Operand description

S1: designated communication channel. Range: 0, 1
D: starting address for storing the received data
S$2: maximum number of received bytes

Function description

When the power flow is valid, and the communication
conditions are met, limited amount of data will be
received through the designated channel to the
designated registers.

Example

SM1

— EC¥ 1 nz0 5 ]

SMZ3

IHC nioo 1

LD SM1
RCV 1 D20 5
LD SM123
INC D100

1. The instruction will be valid continuously as long as
the power flow is valid. If you want to receive data only
once, you can use a rising edge or special registers
that are effective only once, such as SM1, to trigger
the instruction.

2. For detailed application examples, refer to Chapter
10 Using Communication Function.

Note

Size of communication frame: depending on the
element type (D or V) of the communication frame, the
ending character of the frame does not exceed D7999
or V63.

The receiving stops upon shutdown.

The value range of S1: 0 and 1

Special register

SM111 (SM121): Receiving enabled flag. It will be set
when the RCV instruction is used and cleared when
the sending is completed. When it is reset, the current
receiving stops.

SM113 (SM123): receiving completed flag. When the
receiving is completed, the receiving completed flag
will be set.

SM114 (SM124): Idle flag. When the serial port has no
communication task, it will be set, and it can be used
as the checking bit for communication.

SD111 (SD121): Starting character, which can be set in
the system block

SD112 (SD122): Ending character, which can be set in
the system block

SD113 (SD123): Character time-out time, i.e. the
maximum receiving interval between the two
characters, which can be set in the system block
SD114 (SD124): Frame time-out time: the time starting
with the power flow and stops at the end of the
receiving, which can be set in the system block
SD115 (SD125): receiving completion code. The
definition of the data bit is shown as follows:

User De3|grl1ated Maxi Inter- | (Frame) | Parity
ending |number of )
end character| reception | check
o word  [characters| . . Reserved
receiving ) ) time-out | time-out | error
fa received | received fa fa fa
. flag flag 9 9 9
Bito | Bit1 | Bit2 | Bit3 | Bit4 | Bit5 B'tf56~

SD116 (SD126): The characters currently received
SD117 (SD127): The character received previously
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6.13 Data Check Instruction

6.13.1 CCITT: Check Instruction

LAD: Applicable to IVC2 IVC1
el e S A s Influenced flag bit
IL: CCITT (S1) (S2) (D) Program steps 7
Operand | Type Applicable elements Offset
P » PP addressing
S1 WORD D \%
S2 INT | Constant|KnX|KnY | KnM | KnS | KnLM | KnSM D SD C T Vv z N
D WORD D v N
Operand description Example
S1: the starting element of the data to 5"”|_{ I - ]
be checked ”
S2: the number of the data to be EoomnE o .2 ] LD SMm1
. 34 MOV 16#00 DO
checked. S2 = 0, or the system will
report operand error ’ P ~ : MOV" 16#11 D1
. 51
. It mov e 3 | MOV 16#22 D2
D: check result - MOV 16#33 D3
Function description F oM e be ] MOV  16#44 D4
a5 MOV 16#55 D5
1. Conduct CCITT check on the S2 Moy 1B#SS D5 1 MOV 16466 D6
data starting with S1, and assign the I omov isee ]1332 ] MOV 16#77 D7
result to D. T LD X0
2. The expression for CCITT check 1 e e o ] MOV 0 D100
algorithm is: XA 6+X"M2+XA5+1 _2_{ W W St " CCITT DO 8 D100
0 ZEOET
Note [ coiTr o ] 100 1
1. For the system will bring value of D When X0 is ON, conduct CCITT check on the 8 data starting with

into the operation each time the
instruction is executed, make sure to
clear D before executing the CCITT
instruction.

2. The data within the checking data
zone starting with S2 are stored in byte
mode by default. That is, the high bytes
are taken as 0, and the check result
has 16 bits.

DO, and the result is assigned to D100.
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6.13.2 CRC16: Check Instruction
LAD: Applicable to IVC2 IVC1
— T S i G S | enced flag bit
IL: CRC16  (S7)  (S2) (D) Program steps 7
. Offset
Operand | Type Applicable elements )
addressing
S1 WORD D \%
S2 INT |Constant|KnX|KnY | KnM | KnS | KnLM | KnSM D SD (o} T V Z N
D WORD D Vv N
Operand description Example
S1: the starting element of the 5"”,_{ wov  1E#00 SD
data to be checked 17
mov 1611 i}l
S2: the number of the data to f % LD Sm1
be checked; S$2 = 0, or the o omov 1g#es il MOV 16#00 DO
t ill report operand 51 MovV:16#11 D1
system will report op Comv tews o3 MOV  16#22 D2
error B MOV  16#33 D3
D: check result T MoV lewd 2 MOV  16#44 D4
85
Function description L MoV 16#SS 15 MOV 16#55 D5
i MOV  16#66 D6
1. Conduct CRC16 check on L mov  16#6E I MOV  16#77 D7
the S2 data starting with S1, s ]1]%9 LD X0
and assign the result to D i 1 st MOV 0 D100
[}
unit. - mv 0 0100 CRC16 D0 8 D100
; i 5770
2. The expression for CRC16 [ croie o . méu ]

check algorithm is:
XMB+XMBE+XA2+1

Note

1. For the system will bring
value of D into the operation
each time the instruction is
executed, make sure to clear
D before executing the
CRC16 instruction.

2. The standard Modbus CRC
check requires that the D
element (checksum) be
initialized as 16#FFFF, and
the high/low byes (8 high, 8
low) shall be swapped.

3. The data within the
checking data zone starting
with S2 are stored in byte
mode by default. That is, the
high bytes will be taken as 0,
and the check result has 16
bits.

When X0 is ON, conduct CRC16 check on the 8 data starting with DO, and
the result is assigned to D100.
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6.13.3 LRC: Check Instruction

LAD: Applicable to IVC2 IVC1
= ) 51 = 1 ¥
e TG e Ko W Influenced flag bit
IL: LRC (51) (52) (D) Program steps 7
) Offset
Operand | Type Applicable elements )
addressing
S1 WORD D V
S2 INT |Constant|KnX| KnY |KnM| KnS | KnLM | KnSM D SD C T \ Z N
D WORD D v N
Operand description Example
S81: the starting element of the _fm,_{ MOV 1640 %D ]
data to be checked 17
S2: the number of the data to LU U ] LD SM1
be checked. S2 = 0, or the oMoy 1eeer ;g ] MOV 16#00 DO
system will report operand o MOV 16#11 D1
error { Moy 1E#33 E 1 MOV  16#22 D2
ia MOV  16#33 D3
D: check result oMoy 1ew4d 14 1 MOV  16#44 D4
Function description as MOV  16#55 D5
Lo MoV 18asS 03 ] MOV  16#66 D6
Conduct LRC check on the - MOV 16477 D7
S2 data starting with the S1, LMoV 1566 I 1 LD MO
i 119
and assign the result to D. P i ] MOV 0 D100
Note " o LRC DO 8D100
L @ 7 mwv 0 oo ]
1. For the system will bring . -
value of D into the operation [ LEC Do 8 0100 ]

each time the instruction is
executed, make sure to clear
D before executing the LRC
instruction.

2. The data within the
checking data zone starting
with S2 are stored in byte
mode by default. That is, the
high bytes are taken as 0, and
the check result has 8 bits
and is stored in the low bytes
of D.

When X0 is ON, conduct LRC check on the 8 data starting with DO, and
the result is assigned to D100.
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6.14 Enhanced Bit Processing Instruction

6.14.1 ZRST: Batch Bit Reset Instruction

LAD: Applicable to IVC2 IVC1
Bl e o I 1) /-u7/ P AL ) o
I 7 e "% Influenced flag bit
IL: ZRST (D) (S) Program steps 5
Operand | Type Applicable elements Offset
P yp PP addressing
D BOOL Y M S LM C T
S INT |Constant|KnX|KnY | KnM | KnS | KnLM | KnSM D SD C T \% z N
Operand description Note
D: destination operand 1. When a C element is reset, the counting value in it will also be cleared.
S: source operand 2. When a T element is reset, the timing value in it will also be cleared.
Function description Example
i i Mo OFF LD SMO
When thg power flow is v.alld, IEST  BiD 10 ] ZRST M0 10
reset S bit-elements starting
with D When SMO is ON, the 10 elements M10, M10, M11, M12 ... M19 will be
completely cleared.
6.14.2 ZSET: Set Batch Bit Instruction
LAD: Applicable to IVvC2 IVC1
1@'-“—| |_‘ -'I clt H‘-J_.'-J_| |_4 y |.
|' 5 AT ] | L) LT ] Influenced flag bit
IL: ZSET (D) (S) Program steps 5
Offset
Operand | Type Applicable elements se‘
addressing
D BOOL Y M S LM C T
S INT | Constant | KnX|KnY | KnM | KnS | KnLM | KnSM D SD C T \ Z N
Operand description Example
D: destination operand S0 o LD SMo
P ESET Mo 10 ] ZSET M10 10

S: source operand

Function description

When the power flow is valid,
set S bit elements starting

with D.

When SMO is ON, the 10 units M10, M10, M11, M12 ... M19, will all be set
to 1.
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6.14.3 DECO: Decode Instruction

LAD: Applicable to IVC2 IVC1
B A PR T '\JS-_H-—- s IR
.}\ o i AT ) Influenced flag bit
IL: DECO (S) (D) Program steps 5
) Offset
Operand | Type Applicable elements .
addressing
S WORD| Constant | KnX|KnY | KnM | KnS | KnLM | KnSM D SD T \% z
D INT KnY | KnM | KnS | KnLM | KnSM D SD T \ Z N
Operand description Note
S: source operand 1. Range of S: 0 to 15.
D: destination operand 2. If S is outside the range of 0 ~ 15, D will not be changed when the
Function description power flow is valid. Instead, the system will report operand error.
. . Example
When the power flow is valid, P
set bit S in word element D to Eha 1 LD SMo
. TECO z o9 1 DECO 2 D9
1, and clear other bits.
When the power flow is valid, bit 2 in D9 will be set as 1, other bits will be
cleared.
6.14.4 ENCO: Encode Instruction
LAD: ) Applicable to IVC2 IVC1
e - sy 3 E Influenced flag bit
IL: ENCO (S) (D) Program steps 5
Offset
Operand | Type Applicable elements se.
addressing
S INT |Constant|KnX| KnY |KnM| KnS | KnLM | KnSM D SD C T \% Zz
D INT KnY |KnM| KnS | KnLM D SD C T \Y Z N
Note

Operand description
S: source operand

D: destination operand
Function description

When the power flow is valid,
assign the number of the bit
whose value is 1 in word
element S to D.

When the value of multiple bits in S'is 1, the smallest bit number will be written
into D, as shown in the following figure:

Mo 2
ERCO Z#1100 oo I

Example
LD MO

MO 1
| W1 ICo Z40010 D0 ! ENCO 2#0010 DO

When the power flow is valid, operand 1 is 2#0010, bit 1 is 1, hence 1 is written
into DO.
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6.14.5

6.14.6

BITS: Counting ON Bit In Word Instruction
LAD: Applicable to IVC2 IVC1
':::'" . . '_-'. f.a.l"". L 3 el
e Influenced flag bit
IL: BITS (S) (D) Program steps 5
. Offset
Operand | Type Applicable elements )
addressing
S INT |Constant| KnX |KnY |KnM| KnS | KnLM | KnSM D SD C T \% z
D INT |[Constant| KnX |KnY |KnM| KnS | KnLM | KnSM D SD (o} T V A N
Operand description Example
. Mo & LD SMO
s Sour_ce 9perand BITS  164F0FD DI ] BITS 16#FOFO0 D1
D: destination operand . S .
When the power flow is valid, it is counted that there are 8 bits whose value
Function description is 1 (ON status) in constant 16#F0FO0, so 8 is stored into D1.
When the power flow is valid,
count how many bits in operand S
is 1, and store the result into D.
DBITS: Counting ON Bit In Double Word Instruction
LAD: Applicable to IvC2 IVC1
SR e A /faf—/ el e Y
) PR - "% Influenced flag bit
IL: DBITS (S) (D) Program steps (]
Operand | Type Applicable elements Offset
P yp PP addressing
S DWORD |Constant| KnX| KnY | KnM | KnS [KnLM |KnSM| D SD C \%
D INT KnY | KnM | KnS |KnLM |KnSM| D SD C T \% VA N
Operand description Example
: ) 15 LD SMO
s Sour,ce o,perand DEITS  1E#FFOFF  DID ] DBITS 16#FFOFF D10
D: destination operand . o .
When the power flow is valid, it is counted that there are 16 bits whose
Function description value is 1 (ON status) in constant 16#FFOFF, so 16 is stored into D10.

When the power flow is valid,
count how many bits in double
word S is 1, and store the result
into D.
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6.15 Word Contactor Instruction

6.15.1 BLD: Word Bit Contactor LD Instruction

LAD: Applicable to IVC2 IVC1
———&e TR S ———ess BB 5 .
| ‘]’I| i Influenced flag bit
IL: BLD (S1) (S2) Program steps | 5
Operand | Type Applicable elements Offset
|
P yp PP addressing
S1 WORD KnX|[KnY | KnM | KnS | KnLM | KnSM D SD ] T \Y Z
S2 INT | Constant|KnX|KnY | KnM | KnS | KnLM | KnSM D SD C T Vv z N
Operand description Example
S1: source operand 1000 10 BLD D05
L : = OUT YO

S2: designated bit, 0 < 82 < 15, or system will report

operand error

Function description

Use the status of bit S2 in element S17 to drive the

following operation.

6.15.2 BLDI: Word Bit Contactor LDI Instruction

Use the status of BIT5 (ON) in DO (1000:
2#0000001111101000) to determine the status of YO in
the following operation.

LAD: Applicable to IVC2 IVC1
o P T2 B AT .
| oL -{f:-_{}| 2 Influenced flag bit
IL: BLDI (S1) (S2) Program steps 5
Offset
Operand | Type Applicable elements se.
addressing
S1 WORD KnX|KnY |KnM| KnS | KnLM | KnSM D SD C T \Y z
S2 INT Constant | KnX|KnY |KnM| KnS | KnLM | KnSM D SD C T Vv z N
Operand description Example
. 1000 ] BLDI D05
S1: source operand L w%E Tn S L 5 oUT Y0

S2: designated bit. 0 < 82 < 15, or system will report

operand error..

Function description

Use the logic NOT of the status of bit S2 in element S71

to drive the following operation.

Use the logic NOT of the status of BIT5 (ON) in DO
(1000: 2#0000001111101000), which is OFF, to
determine the status of YO in the following operation.
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6.15.3 BAND: Word Bit Contactor AND Instruction

LAD:
’ AL pED e <5 e ,_._i-,-?é Applicable to IvC2 IvVC1
Note: because the logic relationship is visualized in the diagram, the
BAND instruction is displayed in LAD as BLD Influenced flag bit
IL: BAND S1) (S2) Program steps 5
Operand | Type Applicable elements Offset
i
P yp PP addressing
S1 WORD KnX |KnY | KnM | KnS | KnLM | KnSM D SD C T Vv V4
S2 INT |Constant| KnX |KnY | KnM | KnS | KnLM | KnSM D SD C T \% z N
Operand description Example
. LD X0
S1: source operand i i i
$2: designated bit. 0 < S2 < B0 5 "t PAND. D05
- desig Usecs OUT YO

15, or system will report
operand error

Function description

Take the status of bit S2 in
element 87 and use it in serial
connection with other nodes
to drive the operation of the
following operation.

Take the status of BIT5 (ON) in element DO (1000: 2#0000001111101000)
and use it in serial connection with other nodes (X0: ON) to determine the
status of YO in the following operation.

6.15.4 BANI: Word Bit Contactor AND Instruction
LAD: )
L et e o ST L eaze=" | Applicable to IVC2 IVC1
Note: because the logic relal.‘ionship is visualized in the diagram, the
BANI instruction is displayed in LAD as BLDI Influenced flag bit
IL: BANI (S1 (S2) Program steps 5
Offset
Operand | Type Applicable elements )
addressing
S1 WORD KnX| KnY [KnM| KnS | KnLM | KnSM D SD C T \Y z
S2 INT |Constant|KnX| KnY |KnM| KnS | KnLM | KnSM D SD C T \% z N
Operand description Example
S1: source operand - —_— - LD X0
BANI DO 5
S2: designated bit, 0 < §2 < [ B I : =t oUT Yo

15, or system will report
operand error

Function description

Take the logic NOT of the
status of bit S2 in element S71
and use it in serial connection
with other nodes to drive the
operation of the following
instruction.

Take the logic NOT of the status of BIT5 (ON) in element DO (1000:
2#0000001111101000), which is OFF, and use it in serial connection with
other nodes (X0: ON) to determine the status of YO in the following
operation.
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6.15.5 BOR: Word Bit Contactor OR Instruction

LAD:

Applicable to IVvC2 IvVC1

Note: because the logic relationship is visualized in the diagram, the
BOR instruction is displayed in LAD as BLD

Influenced flag bit

IL: BOR (81) (S2) Program steps 5
. Offset
Operand | Type Applicable elements )
addressing
S1 WORD KnX [KnY [KnM| KnS | KnLM | KnSM D SD C T V Z
S2 INT | Constant| KnX [KnY |[KnM| KnS | KnLM | KnSM D SD C T V Z N
Operand description Example
S1: source operand - - LD X0
S2: designated bit, 0 < S2< 15, or 1000 BOR DO 5
, B D0 5 OUT YO
system will report operand error
Function d ot Take the status of BIT5 (ON) in element DO (1000:
unction description 2#0000001111101000) and use it in parallel connection with other
Take the status of bit S2 in element S7 nodes (X0: ON) to determine the status of YO in the following
and use it in parallel connection with operation.
other nodes to drive the operation of the
following instruction.
6.15.6 BORI: Word Bit Contactor ORI Instruction
LAD:
’ L Applicable to IVC2 IVC1
BLEL 5 F
Note: because the logic relationship is visualized in the diagram, the Influenced flag bit
BORI instruction is displayed in LAD as BLDI
IL: BORI (S1 (S2) Program steps 5
Offset
Operand | Type Applicable elements se.
addressing
S1 WORD KnX|KnY | KnM | KnS | KnLM | KnSM D SD Cc T \% z
S2 INT | Constant|KnX|[KnY | KnM | KnS | KnLM | KnSM D SD C T Vv z N
Operand description Example
S1: source operand ) 1 LD X0
S2: designated bit, 0 < $2 < 15, or 1000 BORI DO 5
ELII I 5 OouUT YO

system will report operand error
Take the logic NOT of the status of BIT5 (ON) in element DO (1000:

Function description 2#0000001111101000), which is OFF, and use it in parallel
Take the logic NOT of the status of bit §2 connection with other nodes (X0: ON) to determine the status of YO
in element S7 and use it in parallel in the following operation.

connection with other nodes to drive the
operation of the following segment.
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6.15.7 BOUT: Word Bit Coil Output Instruction

LAD: Applicable to IVC2 IVC1
B L VLR Sl L A S
i @ gk Influenced flag bit
IL: BOUT (D (S) Program steps 5
. Offset
Operand | Type Applicable elements )
addressing
D WORD KnY [KnM| KnS | KnLM D C T \Y 4
S INT |Constant|KnX| KnY |[KnM| KnS | KnLM | KnSM D SD (o} T \% Z N
Operand description Example
S1: source operand il 1016 LD X0
By Do 4 1 Bout Do 4

S2: designated bit. 0 < S2< 15, or
system will report operand error.

Function description

Assign the current power flow status (X0: ON) to BIT4 ofelement
DO (1000: 2#0000001111101000). After the execution, DO = 1016

(2#0000001111111000).
Assign the current power flow status to
bit S of element D.
6.15.8 BSET: Word Bit Coil Set Instruction
LAD: Applicable to IVvC2 IVC1
e A -’%ﬂf A AT "% Influenced flag bit
IL: BSET (D) (S) Program steps 5
Operand | Type Applicable elements Offset
P yp PP addressing
D WORD KnY [KnM| KnS | KnLM D C T \% z
S INT Constant | KnX| KnY |KnM| KnS | KnLM | KnSM D SD C T \% z N
Operand description Example
D: destination operand | X0 33768 LD X0
BESET IO 15
S2: designated bit. 0 < S2< 15, or ] BSET DO 8
system will report operand error. When the power flow is valid, set BIT15 of element DO (1000:
Function descrintion 2#0000001111101000). After the execution, DO = 33768
P (2#1000001111101000).
Set bit S of element D.
6.15.9 BRST: Word Bit Coil Reset Instruction
LAD ) Applicable to IVvC2 IVC1
L Ty TERE e e ey T T T
e ’ - Influenced flag bit
IL: BRST (D) (S) Program steps 5
. Offset
Operand | Type Applicable elements )
addressing
D WORD KnY | KnM | KnS | KnLM D C \% z
S INT |Constant|KnX| KnY | KnM | KnS | KnLM |KnSM| D SD C \% z N
Operand description Example
D: destination operand 10 744 LD X0
BEST DO 8 ] BRST DO 8

S2: designated bit. 0 < S2< 15, or
system will report operand error.

Function description

Reset bit S of element D.

When the power flow is valid, reset BIT8 of element DO (1000:
2#0000001111101000). After the execution, DO = 744

(2#000000

1011101000).
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6.16

6.16.1

Compare Contactor Instrucitons

Compare Integer LD (=, <, >, <>, >=, <=)Instrucitons

LAD:
. - — = Applicable to IVvC2 IvVC1
Influenced flag bit
(s
LD< (87 (S2)
LD> (81) (52)
LD<> (S1) (S2) Program steps 5
LD>= (81 (52)
LD<= (81 (52)
Offset
Operand | Type Applicable elements se.
addressing
S1 INT | Constant | KnX|KnY |KnM| KnS | KnLM | KnSM D SD V VA
S2 INT | Constant | KnX|KnY |KnM| KnS | KnLM | KnSM D SD Vv z N
Operand description Example
S1: comparison parameter 1 LD= DO D1
) } 1000 -2000 10 OUT YO
S$2: comparison parameter 2 H = TEUU D;UDU 3 LD< DO D1
Function description i < oo n o E 3 ouT Y1
: LD> DO D1
; 1000 -2000 12
Conduct BIN comparison on i o n ¢ OUT 2
elements 81 and S2, and use {600 —enn 3 LD<> DO D1
the comparison result to drive = e B = OUT V3
the following operation. - ;g”” B?HDU — 2 5 LD>= DO D1
1000 ~2000 15 out Y4
H <= it} I1 — 2 LD<= DO D1
OUT Y5

Conduct BIN comparison on the data of DO and D1, and the comparison
result is used to determine the output status of the following element.
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6.16.2 Compare Integer AND (=, <, >, <>, >=, <=)Instruction
LAD: ]
S coTE o - Applicable to IvC2 IvC1
P R et TR e
— A T il e Influenced flag bit
IL: AND= (S7) (S2)
AND< (81) (S2)
AND> (81) (S2)
AND<> (S1) (S2) Program steps 5
AND>= (81 (S2)
AND<= (81 (S2)
. Offset
Operand | Type Applicable elements )
addressing
S1 INT |Constant| KnX| KnY | KnM KnS | KnLM | KnSM D SD (¢} T V VA
S1 INT |Constant| KnX| KnY | KnM KnS | KnLM | KnSM D SD (¢} T V VA N
Operand description Example
S1: comparison parameter 1 LD X0
s2: . 2 AND= DO D1
. comparison parameter ouT Yo
Function description LD X1
%0 10000 2000 10
. = AND< DO D1
Conduct BIN comparison on —— - I L
elements $7 and S2, and use XL HuoER 20D o ouT v
’ — < bili] Il — ) LD X2
the comparison result in serial w5 Loand 000 1o AND> DO D1
connection with other nodes —a— > I 0l o o7 Y2
; ; %3 10000 2000 13
to drive the following WD = i g LD X3
operation. ¥4 10000 2000 T4 AND<> DO D1
—— = oo o1 — M > ouT Y3
Vi 10000 2000 15 LD X4
— it e W 1 2 AND>= DO D1
ouT Y4
LD X5
AND<= DO D1
ouT Y5

Conduct BIN comparison on the data of D1 and D2, and use the comparison
result in serial connection with other nodes to determine the output status of the

following element.
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6.16.3 Compare Integer OR (=, <, >, <>, >=, <=)Instruction

LAD:

\ . Applicable to IVvC2 IvVC1
I =
I a7 157 |
L . Influenced flag bit
f t
e 2 s raiTH
IL: OR= (S7) (S2)
OR< (1 (52)
OR> (1 (52)
OR<> (S17) (S2) Program steps 5
OR>= (1) (S2)
OR<= (1) (52)
Offset
Operand | Type Applicable elements se.
addressing
S1 INT | Constant| KnX [ KnY |KnM| KnS | KnLM | KnSM D SD T z
S1 INT | Constant| KnX [ KnY |KnM| KnS | KnLM | KnSM D SD T z N
Operand description Example
S1: comparison parameter 1 i 1 LD X0
s2 , ter 2 B - OR=  DOD1
: comparison parameter | . i I J ouT Yo
Function description 1 T LD X1
bt L @ OR<  DOD1
Compare elements S1 alnd L | i ] ouT Y1
S2, and use the comparison | 2 i LD X2
result in parallel connection - ] E OR<> DO D1
with other nodes to drive the H o+ m 1 ouT Y2
following operation. | = LA LD X3
| in ] OR>=  DOD2
- ' . . ouT Y3
ad i
—t o LD X4
i i ] OR>= DO D1
A1 - 1] 1
e = ouT Y4
L) o LD X5
- im K ] |I OR<= DO D1
ouT Y5

Compare elements DO and D1, and use the comparison result in parallel
connection with other nodes to determine the output status of the following
element.
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6.16.4 Compare Double Integer LDD (=, <, >, <>, >=, <=)Instruction

«L
‘| Applicable to IVC2 IvC1

S
e o

: P AR et ‘/_‘___,.f’_. " _.f"-?

E—ca n}-—c r-;;g|—&r—)—| ul—c m} Influenced flag bit

IL: LDD= (s1) (S2)
LDD< (1) (S2)
LDD> (81 (S2)
LDD<> (S17) (S2) Program steps 7
LDD>= (81 (S2)
LDD<= (81 (52)
Operand | Type Applicable elements Offset
|
P yp PP addressing
S1 DINT | Constant | KnX|KnY |[KnM| KnS | KnLM [ KnSM D SD C \%
S2 DINT | Constant | KnX|KnY |[KnM| KnS | KnLM | KnSM D SD C \% N
Operand description Example
. : LD= D0 D2
S1: comparison parameter 1 | T PR o g - . OUT YO
- i D= 0 i
S$2: comparison parameter 2 LD< DO D2
. L. 100000 200000 1
Function description 4 1< I ik — . OouT Y1
Compare elements S7 and 100000 200000 12 LD<> D0 D2
ompare elements a 4 I it bz — 2 OUT Y2
S2, and use the comparison {anann SA0000 e LD>= DO D2
result to drive the following tae W 1% = . OUT Y3
; 100000 200000 T4 _
operation. L e m e L 5 LD>= D0 D2
100000 200000 15 ouT Y4
d D<= jili] oz = > LD<=D0 D2
OUT Y5

Compare (DO, D1) and (D2,D3), and use the comparison result to determine
the output status of the following element.
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6.16.5 Compare Double Integer ANDD (=, <,

>, <>, >=, <=)Instruction

LAD:
. . i s g T -':-E;:-':-% Applicable to IVC2 IVC1
|— B o e B D S
L s el el gty mel e il
|—| [ N (N AT |—| Fs U= {573 Influenced flag bit
AL R i i e M
IL: ANDD= (S1) (S2)
ANDD< (1) (S2)
ANDD> (81 (S2)
ANDD<> (S17) (S2) Program steps 7
ANDD>=  (S1) (S2)
ANDD<=  (S1) (S2)
Operand | Type Applicable elements Offset
|
P yp PP addressing
S1 DINT | Constant | KnX | KnY |KnM| KnS | KnLM | KnSM D SD C \%
S2 DINT | Constant | KnX | KnY |KnM| KnS | KnLM | KnSM D SD C \% N
Operand description Example
S1: comparison parameter 1 LD X0
S2 . ter 2 LDD= DO D2
. comparison parameter ouT Yo
Function description LD X1
X0 50000 50000 yij LDD< DO D2
Compare elements S7 and —— = W Iz i OUT V1
i %l 50000 50000 11
S2, an.d use. the compailrlsor? | _— . e 5 LD X2
result in serial cor.mect|on with i e e i LDD<> DOD2
other nodes to drive the —— > W Iz =2 ouT Y2
following operation. i3 50000 50000 T3 LD X3
—
— 0> 00 i e LDD<> DO D2
4 50000 50000 T4
L 1= W Iz — Y out Y3
Vi snoan 50000 5 LD X4
— —— D= In o2 — > LDD>= DO D2
ouT Y4
LD X5
LDD<= DO D2
ouT Y5

Compare (DO, D1) and (D2,D3), and use the comparison result in serial
connection with other nodes to determine the output status of the following

element.
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6.16.6 Compare Double Integer ORD (=, <, >, <>, >=, <=)Instruction

LAD:
— | i 1
[+ i ) I
—_ 1 'y 1
| Applicable to IVC2 IvVC1
+ 5 S |
— : - 1
I i I
_—— -' )|
Influenced flag bit
[ i
\ T e T (NN [ \;'ﬁ
IL: ORD= (S7) (S2)
ORD< (1) (S2)
ORD> (1) (S2)
ORD<> (S1) (S2) Program steps 7
ORD>= (1) (S2)
ORD<= (1) (S2)
Operand | Type Applicable elements Offset
|
P e PP addressing
S1 DINT | Constant | KnX| KnY |KnM| KnS | KnLM [ KnSM D SD C \% N
S2 DINT | Constant | KnX| KnY |KnM| KnS | KnLM [ KnSM D SD C \% N
Operand description Example
S1: comparison parameter 1 _2 2 3 LD X0
S$2: comparison parameter 2 _ looooo 20000 J ORD= DO D2
_ o T = ouT YO
Function description —|X1: 11 s LD X1
Compare elements S7 and 100000 20000 J ORD< DO D2
. jike juls] oz
S2, and use the comparison ! out Y1
. . Xz Tz LD X2
result in parallel connection —— [ ORD 50 D2
<>
i i 100000 20000
with other nodes to drive the FEE o J ouT Y2
following operation. 3 3
— | [ LD _ X3
100000 20000 J ORD>= Do D2
H D DD i ouT Y3
¥4 T4 LD X4
- J - ORD>= DO D2
100000 20000
H D= DD 2 ouT Y4
hi] b LD X5
— J 2 ORD<=  DOD2
100000 20000
{ D¢ Do 2 ouT Y5

Compare (DO, D1) and (D2,D3), and use the comparison result in parallel
connection with other nodes to determine the output status of the following
element.
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6.16.7 Compare Floating Point

Number LDR Instruction

LAD:
—] R= 51 52 .
(s1) (52) Applicable to IVC2 IvVC1
—| R< (SJ) (s2)
E ; g " h *’.,- 'f“'..'xh:;
e T LaEEs
'}\—k-"-&-'-d w——': e "5\—-—-—‘\— Influenced flag bit
D —— e L e R 1Y ) —
IL: LDR= (S7) (S2)
LDR< (1) (S2)
LDR> (1) (S2)
LDR<> (S1) (S2) Program steps 7
LDR>=  (S1) (S2)
LDR<=  (S1) (S2)
. Offset
Operand | Type Applicable elements )
addressing
S1 REAL | Constant D Vv
S2 RAEL | Constant D Y N
Operand description Example
S1: comparison parameter 1 o LDR= DO D2
. . b ]13800.200...]1]300.499...'_{ bii] ’ ouT Y0
S2: comparison parameter 2 G L O y LDR< DO D2
Function description i E o T s out Y1
LDR> D0 D2
1000, 200, . . 1000, 299. . . 12
Compare elements S171 alnd L B mw s e ouT v
S$2, and use the comparison 1000, 200, 1000286, T3 LDR<> DO D2
result to drive the following 1 RG IO Iz =2 ouT Y3
i 1000, 200, 1000, 299, . T4 —
operation. i ol 10 i L 5 LDR>= D0 D2
1000, 200, . . 1000, 299 15 out v
R 0 12 L M LDR<= DOD2
ouT Y5

Compare (DO, D1) and (D2,D3), and use the comparison result determine the

output status of the following element.
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6.16.8 Compare Floating Point Number ANDR Instruction

LAD:

i ﬁef

—.-.-'-.!—l—.-

. Applicable to

IVC2

Influenced flag bit

o
~ANDR= )
ANDR< (81
ANDR> (S81)
ANDR<> (S1) Program steps 7
ANDR>= (81
ANDR<= (81
. Offset
Operand | Type Applicable elements )
addressing
S1 REAL | Constant D \
S2 REAL | Constant D Vv N
Operand description Example
S1: comparison parameter 1 LD X0
S2: . ter 2 ANDR= D0 D2
: comparison parameter ouT Yo
Function description X0 10000.01.:.-1000.23.:c YO0 LD X1
— W &
% M % Lt ANDR< DO D2
Compare elements S7 and 1 |00, -loo07a M ouT V1
82, and use the comparison — B K W 02 = D o
result in serial connection with i 10000.01., -1000.23.,. 12
: W W i =i B ANDR<> DO D2
other nodes to drive the ouT Y2
) i ] 1000001, .. -1000.29. .. 13
following operation. 1 RO N i) — LD X3
bt 10000, 01, ~1000.29... T4 ANDR<> Y3
W | E= I 12 2 LD X4
1 1000001, .~1000,29.,. 18 ANDR>= DO D2
— b—— RE= I 02 = ouT Y4
LD X5
ANDR<= DO D2
ouT Y5

Compare (DO, D1) and (D2,D3), and use the comparison result in serial
connection with other nodes to determine the output status of the following

element.
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6.16.9 Compare Floating Point Number ORR Instruction

LAD:

— e - —
Applicable to IVC2 IvC1
} o |
k: o5 i #
t ;
Ky § fad
|'. -
m‘x Influenced flag bit
g Lk LA :‘:Q
1 i L
1 = "
sl | 55 T Fas H
IL: ORR= (S7) (S2)
ORR< (81 (S2)
ORR> (81 (S2)
ORR<> (S7) (S2) Program steps 7
ORR>= (1) (S2)
ORR<= (1) (S2)
Offset
Operand | Type Applicable elements )
addressing
S1 REAL | Constant D Vv
S2 REAL | Constant D Vv N
Operand description Example
. . 0 0
S1: comparison parameter 1 B .- LD X0
S2: comparison parameter 2 L = ]133000.50. : .]132009.50. g ORR= DO D2
Function description %1 11 ouTt Yo
— | o LD X1
Compare elements S7 and 1000050, - 1000050, . ORR< DO D2
S2, and use the comparison E B W % h ouT Y1
. . T2 T2
result in parallel connection i ) LD X2
with other nodes to drive the - }Jguuu.au . _]:Jgnuu.su. . ORR> DO D2
following operation. - 5 ouT Y2
— | 5 LD X3
10000.50. .. 10000.50. ORR<> D0 D2
4 R DO 0z F ouT Y3
4 ﬁ 5 LD X4
ORR>= D0 D2
10000, 50. . . 10000, 50, . .
{ Ex= DD D2 r ouT Y4
jia 15 LD X5
1
: - ORR<= D0 D2
10000500, - 10000, 50, -,
{ ERE D0 ik L ouT Y5

Compare (DO, D1) and (D2, D3), and use the comparison result in parallel
connection with other nodes to determine the output status of the following

element.
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6.17 Locating Instructions

6.17.1 Setting Up An Absolute P

osition System

The absolute position system obtains the absolute position data of the servo motor by detecting the the current
position and the total cycle number of the motor PG. In this way, we can set up an absolute coordinates system of the
mechanical position. The following figure is a schematic diagram of an absolute position system:

PLC

Instruction [Eulse output

A

AC power

Servo amplifier

Other I/O

_ | Instruction direction output]

Y

Program
scan

Clearing pulse output

Absolute position
- communication -

|

Storing absolute
position data

Zero point data

Backup battery

- +

detection

h Absolute position

Servo motor control

supply

[

J A

Position data

Power
supply

Sustain:

& total cycle
number

PG

Servo motor

Figure 6-1 Absolute position system

As shown in the figure, the PG of an absolute position system is special because it is battery backed, which protects its
position data and total cycle number upon power failure. That means even after a power failure, the servo amplifier can
obtain the current absolute position data after power on.

After power on, the PLC can obtain absolute position data from the servo amplifier through communication. PLC can
then use its locating instructions to control the servo amplifier and motor to realize precision positioning over
mechanical parts, and automatically refreshes its absolute position data. In this way, a positioning system based on
absolute position coordinates can be set up.

6.17.2 Overview Of Locating Instructions For IVC Series PLC

The IVC series small PLC provides locating instructions, including ZRN, PLSV, DRVI, DRVA and ABS, to control
various servo amplifiers and servo motors in the absolute position system. The absolute locating data is available
through the corresponding servo amplifier.
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6.17.3 Mechanical Diagram Of Absolute Position System

The mechanical diagram of the absolute position system that is based on the locating instructions of IVC series small
PLC is shown in the following figure.

Speed
Zero return spee

Crawling speed : » Position

Return start point

L ) Forward limit
Proximity detection (front) | Forward direction

— Return limit

Reverse direction
&
-

) & Proximity signal
Zero point|(back) detection device
Return limit switch o o Workbench Forward limit switch

IN-Q Front Back G-NI

Servo motor ‘ ‘

Call

ml Screw rod

N
Proximity signal state °© ON

OFF

OFF Workbench position

Figure 6-2 Absolute position system based on locating instructions of IVC series small PLC
In this system, the servo motor drives the screw rod, which in turn drives the workbench. The location of the
workbench in the stroke is detected by an absolute PG. During the zero return, the servo motor will decelerate to the
crowling speed when the proximity sensor detects the fore-end of the workbench. When the proximity sensor
detects the rear-end of the workbench, it sends the zero returned signal to the PLC to stop high speed pulse output.
Note that the forward limit switch and backward limit switch are a must. Because the zero return instruction (ZRN) is
incapable of auto-searching the proximity signal, the zero return operation must start earlier than where the proximity
sensor is located. You can jog-adjust the position of the workbench through designing and programming.

6.17.4 Points To Note For Using Locating instructions ZRN, PLSV, DRVI And DRVA

Transistor output
IVC series small PLC with transistor output must be used.
Requirements of locating instructions during programming

The locating instructions can be used repeatedly in the program. However, note that:

1. One high speed pulse output point (YO or Y1) can be driven only by one locating instruction (or high speed
instruction) at any time.

2. After the power flow of one locating instruction turns OFF, it cannot turn ON before the next PLC scan cycle.

Notes on using instructions PLSY, PLSR and PLS at the same time

From the functional perspective, it is recommended to use DRVI in stead of high speed pulse output instructions PLSY,
PLSR and PLS, because the DRVI instruction can update the absolute position registers SD80 ~ SD83 automatically.

The registers SD80 ~ SD83 can be used to store the present absolute position after the locating instruction is used.
Their values are based on the change of registers SD50 ~ SD53 and the control signal direction when the locating
instruction is executed. In this way, SD80 ~ SD83 and SD50 ~ SD53 are inter-related. Do not write SD50 ~ SD53 when
locating instructions are being executed, or SD80 ~ SD83 will be messed up.

If it is necessary to use locating instructions and high speed pulse output instructions PLSY, PLSR or PLS at the same
time, do write a PLC program so that registers SD80 ~ SD83 can be updated correctly.
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Limits on the actual output frequency of locating instructions

The minimum frequency of the actual output pulse upon the execution of locating instructions is limited by the following
formula:

min_acc —

Enax X 5 00
T

Where Fmax is the highest frequency setin SD85 or SD86, 1 s the acceleration or deceleration time (unit: ms) set

in SD87, and the result Fmiuw is the minimum output frequency.

If the output frequency specified in the locating instruction is F, the possible three output frequencies are:

] No output, when F is smaller than the minimum frequency or bigger than Fmax

o vain7 acc (when F< Fminiacc)
o F (When Fmin acc <Fs< Fmax )

6.17.5 Notes On Servo Amplifiers

Set the pulse input mode of the servo amplifier or stepping drivers like this:
® Pulse train input mode: instruction pulse + instruction direction
® Pulse string logic: negative logic (effective on the trailing edge)

6.17.6 Special Elements Related To Locating instructions

Monitors of high speed pulse output channels

Addr. Name Function R/W IVC2 | IVC1 Remark
SMs0 YO0 high speed pulse | YO high speed pulse output stop RIW J J Setting SM80 and SM81 respectively
output control instruction can disable the high speed pulse
SM81 Y1 high speed pulse | Y1 high speed pulse output stop RIW J J output of YO and Y1, and resetting
output control instruction SM80 & SM81 enables the function
SM82 YO high spged pulse | YO .high speed pulse output R J J SM82 and SM83 can be used to
output monitor mointor (ON: busy. OFF: ready) ) )
Y1 high speed pulse | Y1 high speed pulse output monitor the state of high speed
SM83 ] . R N N output channel
output monitor monitor (ON: busy. OFF: ready)
When SM85 is set, the CLR signals
SM85 Clearing function Output of CLR signal for ZRN RIW J for high speed outputs YO and Y1
enabled instruction enabled are output through Y2 and Y3
respectively
R Note

If SM8S is set, when the ZRN instruction is executed, Y2 or Y3 will output a CLR pulse with the width of 20ms longer than the
scan cycle. If Y2 or Y3 is used for other purposes, you should reset SM85 to disable that function.
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Special data registers for locating instructions

Initial
Addr. Name RW | vcz | iver | ™% Remark
value
SD80 .Current. value of YO output locating RIW V1.29 J SD80 ~ SD83 are used to .s.tore anq
instruction (MSB) 0 calculate the absolute position. Their values
SD81 The cur.rent value of YO output locating RIW V1.29 J a.re bast.ed oh SD50 ~ SD53 ar?d the control
instruction (LSB) signal direction when the locating
The current value of Y1 output locating instruction is executed. Whenever the PLC
. J
Sbe2 instruction (MSB) RIW V129 0 is ON and the absolute position data is read
i from the servo amplifier, put the position
SD83 The cur.rent value of Y1 output locating RIW V1.29 J en p ' p p!
instruction (LSB) data (32-bit integer) into SD80 or SD82
Basic frequency of executing of 1. You can change SD84, SD85, SD86 and
SD84 R/W | V1.29 N 5000
instructions ZRN, DRVI and DRVA SD87 according to the actual need.
Highest frequency of executing of However, do not make the change during
SD85 |instructions ZRN, DRVI and DRVA R/W V1.29 N the execution of locating instruction, or the
(MSB) 100000 instruction may fail.
Highest frequency of executing of 2. The SD84 basic frequency must be
SD86 |instructions ZRN, DRVI and DRVA R/W | V1.29 N smaller than 1/10 of SD85 highest
(LSB) frequency, or SD84 will be set automatically
. . as 1/10 of highest frequency. When the
Acceleration or deceleration time of . N Lo
. . ] frequency in a locating instruction is smaller
SD87 | executing of instructions ZRN, DRVI R/W V1.29 N 1000 . .
than the basic frequency or higher than the
and DRVA . )
highest frequency, no pulse will be output
6.17.7 ZRN: Regress To Origin Instruction
LAD: Applicable to IVC2 IvC1
A il il i - Influenced flag bit | Zero, carry, borrow
IL: ZRN (S1) (S2) (S3) (D) Program steps 11
Operand | Type Applicable elements Offset
i
P yp PP addressing
S1 DINT [Constant| KnX | KnY |KnM| KnS | KnLM | KnSM D SD C \% N
S2 DINT [Constant| KnX | KnY |KnM| KnS | KnLM | KnSM D SD C Vv N
S3 BOOL X Y M S
D1 BOOL Y

Operand description

S1: zero return speed, specifying the zero return
start speed

32-bit instruction: 10 ~ 100,000 (Hz)

S2: crawling speed, specifying the relatively low
speed when the proximity signal is ON

S83: Proximity signal, specifying the X point for
inputting proximity signal

If a non-X element is specified, the position offset of

the zero point will increase due to the influence of
the PLC calculation cycle.

D: starting address (YO or Y1) of the high speed
pulse output
Function description

When SM85 clearing function is enabled, the CLR
signals for high speed pulse outputs YO and Y1 are

output through Y2 and Y3 respectively. When SM85
is set, the CLR signals will be output to the servo
amplifier through Y2 and Y3.

Note

1. Because the ZRN instruction is incapable of
searching the proximity signal automatically, the
zero return operation must start earlier than where
the proximity sensor is located.

2. During the return to zero process, the value of the
current value register will decrease.

3. Pay attention to the configuration of SD84 ~
SD87 when using this instruction.

4. When the instruction input frequency is smaller
than SD84, there will be no high speed output at YO
or Y1. When the instruction input frequency is
bigger than SD85 or SD86, the output will be
abnormal.
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Time sequence chart

S1 Zero return speed

Frequency
Pulse output S2 Crawling speed
Y - Position
Zero return
ON starting point
OFF
- Position
ON
Note 1
Clearing signal OFF \ >
Width: 20ms + scan cycle‘j Within 1ms
\ ON
Note 2
Monitoring of OFF p Position
pulse output
Note 1: When SM8S5 is set, the clearing function is valid
Note 2: SM82 & SM83 are the monitors of YO & Y1 pulse
outputs respectively
6.17.8 PLSV: Variable Speed Pulse Output Instruction
LAD: Applicable to IVC2 IVC1

%M- AREE 1%151#7? A g ,.:_s_'.'-'_/’é

Influenced flag bit Zero, Carry, Borrow

IL: PLSV (S (D1) (D2) Program steps 8
Offset
Operand | Type Applicable elements se.
addressing
S DINT |Constant| KnX [ KnY | KnM | KnS |KnLM| KnSM D SD C \% N
D1 BOOL Y
D2 BOOL Y M S

Operand description

S: output pulse frequency (Hz)

32-bit instruction: 10 ~ 100,000(Hz), -1 ~ -100,000(Hz)
D1: high speed pulse output starting address (YO or

Y1)

D2: rotating direction signal output starting address. Its

state is determined by S:
® When S is positive: D2 is ON
® When S is negative: D2 is OFF

Function description

1. You can change S even in the state of outputing

high speed pulses
2. Because there will be no acceleration or

deceleration during the start & stop, if buffer is needed
during the start or stop, it is recommended to use the

RAMP instruction to change the value of pulse
frequency S.

3. In the process of high speed pulse output, when the
power flow driven by the instruction turns OFF, the
output will stop without deceleration.

4. If the corresponding high speed pulse output
monitor (SM82 or SM83) is ON, the power flow driven
by the instruction will not be driven by the instruction
again after the power flow turns OFF.

5. The direction is determined by the positive or
negative nature of S.

Note

1. Pay attention to the instruction driven time

2. The high speed 1/O instructions, PLS instruction and
locating instructions can use Y0 or Y1 to output high
speed pulses. However, take care not to use more
than one such instructions on YO or Y1 at one time.
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6.17.9 DRVI: Relative Position Control Instruction

LAD:

Applicable to IVC2 IVC1

Influenced flag bit Zero, Carry, Borrow

IL: DRVI (S1) (S2) (D1) (D2) Program steps 1"
Offset
Operand | Type Applicable elements )
addressing

S1 DINT | Constant | KnX|KnY | KnM | KnS |KnLM | KnSM D SD C \% N

S2 DINT | Constant | KnX|KnY | KnM | KnS |KnLM | KnSM D SD C \% N

D1 BOOL Y

D2 BOOL Y M S

Operand description

S1: output pulse number (relatively specified)
32-bit instruction: -999999 ~ +999999
S2: output pulse frequency (Hz)
32-bit instruction: 10 ~ 100000 (Hz)
D1: high speed pulse output starting address (YO or
Y1)
D2: rotating direction signal output starting address. Its
state is determined by ST:
® When S1 is positive: D2 is ON
® \When S1 is negative: D2 is OFF

Function description

1. 81 is stored in the following current registers:

® Y0 output: SD80, SD81 (32-bit)

® Y1 output: SD82, SD83 (32-bit)
2. When D2 is OFF, the value of the current value
register will decrease.
3. The rotating direction is determined by the positive
or negative nature of S1.

4. Changing the operands during the execution of the
instruction will not take effect until the next cycle when
the instruction is executed again.

5. During the execution of the instruction, the output
will decelerate to stop when the driven contact turns
OFF. The exection completion flag SM will not act
then.

6. If the corresponding high speed pulse output control
(SM80 or SM81) is ON, the contact driven by the
instruction will not be driven by the instruction again
after the contact turns OFF.

Note

1. Pay attention to the configuration of SD84 ~ SD87
when using this instruction

2. When the instruction input frequency is smaller than
SDB84, there will be no high speed output at YO or Y1.
When the instruction input frequency is bigger than
SD85 or SD86, the output will be abnormal.
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6.17.10 DRVA: Control Absolute Position Instruction

LAD: Applicable to IVC2 IVC1
e I e G S L ] zcan B e PR 10 1| Influenced flag bit | Zero, carry, borrow
IL: DRVA (S1) (S2) (D1) (D2) Program steps 1"
O d| T Applicable elements Offset
eran e
P P PP addressing
S1 DINT |Constant| KnX | KnY [KnM| KnS | KnLM | KnSM D SD C \% N
S2 DINT |Constant| KnX | KnY [KnM| KnS | KnLM | KnSM D SD C \% N
D1 BOOL Y
D2 BOOL Y M S

4. Changing the operands during the execution of the
instruction will not take effect until the next cycle when
the instruction is executed again.

Operand description

S1: targe position (absolutely specified)
32-bit instruction: -999999 ~ +999999
S2: output pulse frequency (Hz)

5. During the execution of the instruction, the output
will decelerate to stop when the driven contact turns

32-bit instruction: 10 ~ 100000 (Hz) OFF. The exection completion flag SM will not act
D1: high speed pulse output starting address (YO or then.
Y1). The PLC output must be transistor output 8. If the corresponding high speed pulse output control
D2: rotating direction signal output starting address. (SM80 or SM81) is ON, the contact driven by the
Its state is determined by S17: instruction will not be driven by the instruction again
® When S1 is positive: D2 is ON after the contact turns OFF.
® When S1 is negative: D2 is OFF Note
Function description 1. Pay attention to the configuration of SD84 ~ SD87
1. 81 is stored in the following registers: when using this instruction
® YO0 output: SD80, SD81 (32-bit) 2. When the instruction input frequency is smaller than
® Y1 output: SD82, SD83 (32-bit) SD84, there will be no high speed output at YO or Y1.

When the instruction input frequency is higher than

2. When D2 is OFF, the value of the current value )
SD85 or SD86, the output will be abnormal.

register will decrease.

3. The rotating direction is determined by the positive
or negative nature of S1.

6.17.11 ABS: Read Current Value Instruction

LAD: Applicable to IVC2 IVC1
B o - — | P ARERE )
| - ) ) ]| ) A, 5] Influenced flag bit Zero, carry, borrow
IL: ABS (S) D1) (D2) Program steps 8
(0] d| T Applicable elements Offset
eran e
P yp PP addressing
s BOOL | X Y M S
D1 BOOL Y M S
D2 DINT KnY |KnM| KnS D SD C N

Operand description

S: the input point from servo.

The input points occupies three consecutive Xs (S, S + 1 and S + 2) or other bit elements.

D1: output points to servo.

The output points occupies three consecutive Ys (D1, D1 + 1 and D1 + 2) or other bit elements
D2: the current value (32-bit) read from servo.

The current value occupies two word elements: D2 (MSB) and D2 + 1 (LSB). Because the read current value must be
written into SD80 or SD82 (32-bit signed interger), you can directly specify SD80 or SD82 as D2.
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Function description
1. You should power on the PLC and servo amplifier at the same time, or power on the servo amplifier first, in order to
make sure that the servo amplifier is ON before the PLC enters the RUN state.

2. The read current value D2 can be stored in any word element, but the current value must be eventually stored in
SD80 or SD82.

3. The power flow of the ABS instruction should be ON after the current value is read, otherwise the servo amplifier will
turn OFF.

4. SM82 and SM83 are the output monitors of YO and Y1. The monitors will turn OFF after the output is complete.

5. When the power flow is valid and the servo is ON, the ABS instruction will send the transmission mode signal.

6. When the data transmission ready signal and the ABS request signal coincide with each other, the (32 + 6)bit data
communication will start.

7. The data are tranmitted through the ABS 2-bit (bit0 & bit1) loop.

8. The system error code for ABS Data Read Timeout is 79; for ABS Data Read and Check Error, 80.

9. The wire connection for the 1/O signals of the ABS instruction is as shown in the following figure.

PLC Servo amplifier | |PLC Servo amplifier
EC10 - 1614BRA MR-H -A EC10-1614BRA MR-J2-A
X0 —————ABS (bit0) PF 24 X0 ABS (bit0) ————| D01 4
X 1 |————ABS (bit 1) ZSP 23 X1 —————ABS (bit 1) ZSP |19
Data transmission Data transmission
X 2 e ready —— TLC 25 X 2 ready TLC | 6
COM SG 16 COM SG 10
Y 4 |1~ Servo ON SON |12 Y 4 | Servo ON SON 5
Y 5 L ABS transmission | 13 |44 Y 5 L ABS transmission ABSM | 8
mode mode
Y 6 4 ABS request D14 |45 Y 6 |~ ABSrequest — |JABSR 9
comMm2 COoM2 -
Time sequence chart
ON
Power suppl
PRy OFF
Note 4
Servo ON signal  ON :
(SON) !
Note 1 OFF !
: 1
ABS transmission ON 1
mode (ABSM). i
Note 1 OFF |
- 1 | 1 | !
ABS transmission ON ! 1 ! ! |
request (ABSR) ! H ! ! \
Note 1 OFF | 1 1 ! |
i i Note 5 i i E | i
Data transmission ON , , , ! ,
ready (TLC). i i i ! i
Note 2 OFF i i i ! i
| | Notes : | ! :
I 0 0 0 e e e S e e e e I i | !
s seeos s terssatessso I | : :
s I : ;
P L P i
Send ABS data ON i i ! i
1
DO1/ZSP ' | ! |
main circuit  —2F 1| 1 80ms | E ! 80ms |
e | | > |
Ready. Note 2 Ready_ for
RD operation.
Ready for Note 3
peration.
Note 1: the signal PLC sends to servo amplifier Note 3
Note 2: the signal servo amplifier sends
Note 3: system data transmission over, ready for normal operation. After RD is set, ABSM signal will not be accepted
Note 4: Here the SON signal is set before ABSM signal. Despite that, the main circuit will not be ON until ABSM is set ON. If
transmission mode is interrupted with ABSM being set OFF during the ABS trasmission, the servo amplifier will report overtime alarm
(AL.E5).
Note 5: These sianal pins' definitions will chanae upon ABSM set/reset. See the related Mitsubishi product information.
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Note

The ABS instruction supports the Mitsubishi MR ~ J2 and MR ~ J2S servo amplifiers and use its specialized data
transmission protocol to read the current value of absolute position. The ABS instruction is a dedicated 32-bit
instruction. For the servo amplifiers of other brands, reading the current value of absolute position requires
communication or other designated methods. When the ABS instruction is executed, the related I/O points will be
processed accordingly. Therefore, the ABS instruction is applicable only to Mitsubishi servo amplifiers.

6.17.12 Application Examples

Mechanical diagram

Refer to Figure 6-2, and see the following example of an absolute coordinate system based on a single screw rod.

System wiring diagram (0418)

220Vac
‘ HC-MFS13
L N
QF KM Note 9
L1 U U
220Vac L2 v v Servo
motor
L3 w w
L11 PE E
PLC L21 PE Ll
X0 L J Stop PG con;lecting Absoluate
cable
X1 I Zeroreturn CN2 ] [ Vglée
X2 — Forwardjogging s
X3 — Reversejogging ervo
T - amplifier
X4 Forward position control
X5 — Reverse position control
X6 4T/ Proximity signal
X7 System start
COM
S/S —‘ Note 10
+24V
COM
Shielded cable
) Instruction pulse
COMO
Y1
COM1 Shielded cable
Y2 ] Clearing signal
Y3
Ya Instruction direction signal
COM2
Shielded cable r
[COM
OPC
CN1B oN1B
Note 1 =
X10 DOT | vee EMG Emergency stop button
X11 ZSP | Note2 =2
<12 TLC | noes RES|— & Reset button
X13 ALM LSP Forward limit swtich
X14 RD LSS(-;\‘ Reverse limit switch
COM SG —
Y10 SON | Note 4
Y11 ABSM| Note 5
Y12 ABSR| Notes
COM3-
EC10-1614BTA yge7 MR-J2S-108
Note 1: ABSM serves as the ABS bit 1 transmission cable when set ON, or as the locating complete signal when set OFF.
Note 2: ABSM serves as the ABS bit 2 transmission cable when set ON, or as the zero speed signal when set OFF.
Note 3: ABSM serves as the "data transmission ready" signal when set ON, or as the "torque being limited" when set OFF.
Note 4: Servo enabling signal. It must be set before the ABS instruction is executed.
Note 5: The ABS transmission mode signal.
Note 6: The ABS transmission request signal.
Note 7: It must be a PLC basic module with transistor output.
Note 8: Install the servo amplifier according to the related instruction manual. Note that many plugs looks the same, do not get confused.
Note 9: You need to control KM through the program to cut off the power upon alarms or emergencies.
Note 10: The PLC uses sink input in this example. Short the +24V and the S/S terminals here.

Figure 6-3 System wiring diagram
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Program example

The aimed functions of the program are:

®  When the PLC enters the RUN state, read the absolute position data from the servo amplifier through the ABS
instruction or through communication (note that in this case, the servo amplifier must be powered on with the
PLC at least at the same time)
) SM8S5 is set after PLC enters the RUN state to set the output clearing function, and Y2 will output a clearing
pulse whenever zero return occurs.
® Press the JOG+ button to jog forward.
) Press the JOG - button to jog backward.
® When the workbench is away from the zero point farther than the proximity detection point, press the Zero
Return button to make it return to the zero point.
° Press the STOP button and a running workbench will stop immediately.
) Use the Forward/Reverse Positioning control buttons to locate the workbench
_|".| [ H 34 '|
Y 5 : 1
I = H TR Y ]
— £
X5
— |

_|'. i == e 1

£ 1 11 L Lt g P T I T S
Rl ) i HE 5
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Chapter 7 SFC Tutor

This chapter introduces the basic concepts and programming methods of Sequential Function Chart (SFC). In addition,
the points to note during the programming is also introduced.
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7.1.4

Introduction To SFC

What Is SFC

The Sequential Function Chart, or SFC, is a programming language developed and got popular in recent years. SFC
can turn a PLC program into a structured flow chart. By using standard programming symbols and grammar compliant
with IEC61131-3, the SFC can divide a complicated operation process into sequential procedures that are linked
together with conditioned transfers, so as to realize sequence control.

The SFC edited programs are direct and sequential. Each procedure and transfer condition are relatively simple
program sections, ideal for the sequential control application. These advantages explain why it is finding wider
application.

What Is SFC Of IVC Series PLC

The SFC of IVC series PLC is a programming language used by Invt IVC series PLCs. Besides standard SFC
functions, the SFC of IVC series PLC can provide multiple nested LAD program blocks.

The program edited with SFC of IVC series PLC can be converted into LAD or IL program.

The SFC of IVC series PLC can also support up to 20 independent procedures. The independent procedures can run
independently, that is to say, the steps within different independent procedures are scanned and executed separately.
However, jumping among independent procedures is enabled.

Basic Concepts Of SFC

The SFC has the following two basic concepts: step and transfer. Other concepts, like jump, branch and multiple
independent procedures, all evolve from the two basic concepts.

Steps
1. Definition

A step is actually a program section, representing a work state or move in the sequence control process. Putting
multiple steps together in a organic way can form a complete SFC program.

2. Execution of steps

In a SFC program, each step is represented by a fixed S element.

A step is valid when it is being executed. For a valid step, its corresponding S element is ON, and the PLC will scan
and execute its instructions. While a step not being executed is invalid. For a invalid step, its corresponding S element
is OFF, and the PLC will not scan and execute its instructions.

Transfer

The sequence control process is actually a series of step transfers. A PLC executing a certain step will, if certain logic
conditions are met, leave the current step to enter and execute a new step. That transition is called the step transfer.

The logic condition that triggers the transfer is called the transfer condition.

Programming Symbols And Their Usage

Programming Symbol
The IVC series PLC SFC programming language consists of the following programming symbols:

Table 7-1 Programming symbols

Symbol name Symbol Description
Initial ste : A initial step of SFC, numbered as Sn. The “n” must not repeat. The execution of a
P sl SFC program must start with an initial step, whose S element range is SO ~ S19
A normal step, numbered as Sn. The “n” must not repeat. The S element range for
Normal st J21%
ormal step the normal step is $20--S991

A transfer. It can be built-in with a transfer condition (a embeded LAD). You can
+ compile the transfer condition so that the S element connected with this transfer will

be set when the condition is met and enter the next step. The transfer must be used
between steps.

Transfer
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Symbol name

Symbol

Description

Jump

30

A jump, used after the transfer. It can set the specified S element to ON when the
transfer conditions are met. It is used to cycle or jump among steps

Reset

A reset, used after the transfer. It can set the specified S element to OFF when the
transfer conditions are met. It is used to end the SFC program

Selection branch

31

Multiple independent transfer conditions, used after a step. When the transfer
condition of one branch is met, the last step will end and the next step of the
corresponding branch will start. After that, no other parallel branch will be selected

Selection merge

= -

A merge of selection branches. When the transfer condition of one branch is met,
the last step will end and the next step will start

Parallel branch

v
%750

Connected after a step, the parallel branches share the same transfer conditions.
When the transfer conditions are met, the parallel branches are validated and

executed at the same time
I ;
A merge of parallel branches. The next step will start only after all the parallel steps
Parallel merge : L .
* are finished and the transfer conditions are met
Ladder chart LADL® The LAD block presents LAD instructions for operations besides the SFC flow, such
block as starting the initial step and other general operations

Usage Of Programming Symbols

1.  The initial step can be used alone. If you connect it with other symbols, you must use it at the start of you SFC
program, and use a transfer condition symbol after it.

A

7.1.5 SFC Program Structure

However, you cannot connet the LAD step with other symbols.

You must connect an normal stepwith transfer condition symbols, for the ordinary steps cannot be used alone.
The reset and jump should both be preceded by a transfer and followed by nothing.

Neither the transfer nor the jump can exist alone in a program.

The structure of a SFC program is classified into three types: simple sequential structure, selection branch structure
and parallel structure. Besides, the jump structure is also a special form of the selection branch structure.

Simple sequential structure

Figure 7-1 shows a simple structured SFC program and its LAD counterpart.

0 in the first scan

of the user program*/

Figure 7-1 A simple structured SFC program and its LAD counterpart

IVC Series Small PLC Programming Manual




208

Chapter 7 SFC Tutor

In a simple structured SFC program, when the step transfer conditions are met, the program will run from the current
step to the next step in a linear flow. At the last step, when the transfer conditions are met, the SFC program section
will either end or transfer to the initial step.

1. Ladder chart block

The ladder chart block is used to start SFC program section. To be specific, to set the S element of the initial step to
ON. In the preceding figure, the program uses the power-on startup mode.

The ladder chart block can also be used as other general program sections besides the SFC program.
2. Initial step

As shown in Figure 7-1, the initial step is started by a ladder chart block. The range of S elements for initial-step is 0 ~
19.

3. Normal step

The normal step is the main component of the program. The range of S elements for normal-step is 20 ~ 991 (for IVC2)
or 20 ~ 1023 (for IVC1).

4. Transfer or reset

The program shown in Figure 7-1 is ended with a jump, which leads the program to the initial step. This is a cyclic
program.

However, the program can also be ended with a reset, which can reset the status of the last step, end a program, and
wait for the next round of execution.

Selection branch structure

The selection branch structure is shown in the following figure, with LAD on the left and SFC on the right.

a3 mz0
W28 >—7—A ——{ SET 327 ]
nz1
L —{ SET 528 ] 53
827
WM3—s —f T0F TiZ 10 ]
12 [ ser | [ ses |
L | — =ET 3529 ]
528
H4—3>—f TOF T3 5 ]
20
T13
L —— =sET sea ]
529 nzz 53 83
W5—s >—-+ — 3
HiBH{ RET ]

1. Selection branch

A branch step is validated when its corresponding transfer conditions are met. You must ensure that the transfer
conditions of different branches are all exclusive, so as to make sure that each time only one branch will be selected.
As shown in the preceding figure, steps S27 and S28 in row N12 of LAD program are transferred from conditions M20
and M21 respectively. The conditions M20 and M21 must not be met at the same time in order to ensure that S27 and
S28 will not be selected at the same time.

2. Selection merge

The selection merge is the structure where all selection branches merge to the same step. The transfer conditions are
set respectively. As shown in the preceding figure, the transfer condition in the branch of S27 is that time is up for T12,
while that for the branch of S28 is that time is up for T13. However, the results are the same: step S29 starts.
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Parallel branch structure

The parallel branch structure is shown in the following figure, with LAD on the left and SFC on the right.

54 W30
W l—<s>— SET 530 1 =5
SET 531 1 l

530 531 il " "
We |—¢8S > 83— | —f SEI 532 ] sao+_|

532
W |—<3 TON T30 10 1 -

T30 = e
< >
54

Wl RET ]

1. Parallel branch

When the transfer conditions are met for the parallel branches, all branch steps will be validated at the same time. This
enables the PLC to process multiple procedures at the same time, a quite usual sequential control process. As shown
in the preceding figure, in program row N5, the steps S30 and S31 will be validated at the same time when condition
M30 is met.

2. Parallel merge

The parallel merge is the structure where all parallel branches merge to the same step by invalidating all branch steps
at the same time. As shown in the preceding figure, in program row N6, when the program is running both S30 and
S31 at the same time, if condition M31 is met, the program will start S32 and end S30 & S31.

The sequential control behind the parallel merge structure is that no next step can be executed unless all the parallel
steps are finished.

Jump structure

The applications of jumps include: to omit certain steps, to recycle by returning to the initial step or a normal step, and
to jump to another independent procedure.

1. Omitting certain steps

In a procedure, when certain steps are unnecessary under certain conditions, the program can jump directly to the
needed step and omit the unnecessary steps, as shown in the following figure, with LAD on and left and SFC on the
right.

20 ]

WO |—< = —{ SET s ] SO
m szl
P >

520 mz
Bl —<5>—+ — SET 321 ]

321 n3
He b—{8>—+ — BT =20 1
W3 ERET ]

In the SFC program shown in the preceding figure, S21 is used as the jump, while step S20 is omitted. The jump is
actually a selection branch.

While in the LAD counterpart, the second branch in row NO is the jump instruction, which uses the OUT coil instead of
the SET instruction in the transfer. When step S0 is valid, and if M1 is ON, the program will jump to step S21.

2. Recycling

In a procedure, when it is necessary to recycle a part or all of the steps under certain conditions, you can use the jump
function. you can recycle a part of the steps if you jump to a previous normal step, or all the step if you jump to the
initial step.

Shown in the following figure is a program that can realize the above two recycles, with LAD on the left and SFC on the
right.
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0 n

Wol—<s»>—| —{ SET 320 ]
520 nz

WmpE—s > — GZET 521 1
521 n3

W l—<s>— o — GSET S22 ]

S22 4 s0
W —s B B
ns s21
b— >
W4l RET ] Vo 521

In the SFC, when step S22 is valid, the program may jump to step S21 to recycle S21 and S22, or jump to the initial
step SO to recycle all the steps. Which recycle will be selected is determined by a selection branch structure.
While in the LAD, the two kinds of jumps are realized in row N3, where you can see the OUT cail.

3. Jumping to another independent procedure

The SFC of IVC series PLC supports multiple independent procedures and jumping among these procedures is
allowed. You can set certain transfer conditions in an independent procedure for jumping to a random step (initial or
normal) of another independent procedure.

& Note

Jumping among multiple independent procedures complicates the program. Use it with prudence.

Shown in the following figure is a jump from one independent procedure to another, with LAD on the left and SFC on
the right.

In the SFC, when the S0 in the first procedure is valid, the program can jump to step S23 in the second procedure
under certain conditions; while in the second procedure, the program can also jump to step S20 in the first procedure
under certain conditions.

As shown in the preceding figure, the jump is based on a selection branch structure. When the program jumps to
another procedure, all the steps in the original procedure will become invalid. As the example shows, if the program
jumps to step S23 in the second procedure from step S20 in the first procedure, step S20 and all the other steps in the
first procedure will become invalid.

IVC Series Small PLC Programming Manual



Chapter 7 SFC Tutor 211

7.1.6 Execution Of SFC Program

7.2

7.2.1

The similarity between the execution of a SFC program and that of a LAD program is that they both carry out cyclic
scanning from up to down and from left to right.

On the other hand, their difference lies in that in a SFC program, the steps’ validity will change according to certain
conditions, and only valid steps can be executed. While in a LAD main program, the whole program will be scanned
and executed in each scan cycle.

As shown in the following figure, the program on the right is the LAD counterpart of the SFC program on the left. When
step S20 is valid, the T2 timer will be scanned and start timing. Steps S21 and S22 will not be executed before T2
counter reaches the preset value, and S23 will not be executed when M13 is OFF.

= )
Bl —t ™ T = 1

— ] ) =1 =

(TE -

— — 5 ]

P o=

The S elements state will switch between ON and OFF according to the transfer conditions, thus making the program
transfer from one step to another. When a S element changes from ON to OFF, the output elements of the
corresponding step will be cleared or reset. For details, see 5.3.1 STL: SFC State Load Instruction.

R Note

1. The SFC program of IVC series PLC usually contains LAD program blocks that are used to handle operations besides the
flow, including starting the SFC. The LAD program blocks are not controlled by the S elements and will be executed in every
scan cycle.

2 . Because the state change of the S element will affect the embedded instructions of the corresponding step, and the

switch-over between two steps takes some time, it is necessary to observe certain rules during the SFC programming. For details,
see 7.4  Points To Note In SFC Programming.

Relationship Between SFC Program And LAD Program

A SFC program can take the form of a LAD program, which can help understanding the SFC program structure.

In the LAD program, the SFC symbols are replaced with various SFC instructions, while the procedures are
represented by various structures.

STL Instruction And Steps

All SFC steps are represented by S elements. In a LAD program, a step is started by a STL instruction.
Shown in the following left figure is the LAD program of a simple sequential structure, and the right figure is its
corresponding SFC program.
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7.2.2

7.2.3

724

7.2.5

7.3

52

Wl—<g TON  T100 10 ]
T100
—{ SET  sES5 ]

325 Mo
Wel—<53>—— | 1 SET 526 ]
526 MO 52

B —3>—H — 2

¥t RET ]

As shown in the LAD program, the S2 step starts with a STL instruction, and the following TON instruction is the
internal instruction of S2. A step can be made up of multiple instructions. A SFC step is actually a relatively complete
program section, almost consistent with the LAD counterpart.

The difference between a initial step and an normal stepis that they use different S elements.

For detailed information about the STL instruction, see 5.3.1 STL: SFC State Load Instruction. Note that when the
step changes from ON to OFF, the destination operands of its internal instructions will be cleared. Such instructions
include OUT, TON, TOF, PWM, HCNT, PLSY, PLSR, DHSCS, SPD, DHSCI, DHSCR, DHSZ, DHST, DHSP and BOUT.

& Note

Because the PLC runs in continuous scan cycles, after a step transition, the instructions of the original step will not be affected by
the change of ON to OFF until the next scan cycle. See 7.4.1  Common Programming Errors.

SET Instruction

As shown in the preceding figure, the transfer symbols in the SFC program on the right are realized through the SET
instructions in the LAD program on the left.

The transfer conditions consist of the NO contacts before the SET instruction. The NO contacts are controlled by
internal instructions or through external operation.

When the power flow of the SET instruction is valid, the specified step becomes valid, and the current valid step is
invalidated. A step transfer is thus complete.

RET Instruction And SFC Program Section

As shown in the preceding figure, the SFC program on the right starts with a S2 initial step symbol, and returns to S2
after two ordinary steps. While in the LAD program, the SFC program section must end with the RET instruction.
The RET instruction can be only used in a main program.

OUT Instruction And RST Instruction

As shown in the preceding figure, the jump to S2 is realized in LAD program by the N3 row, which uses an OUT
instruction. The destination operand of the OUT instruction (jump) can be in any independent procedure.
If the reset S26 is used, line N3 in the LAD program will be a RST instruction, which can reset the last step S26.

SFC Selection Branch, Parallel Branch And Merge

See Selection branch structure in 7.1.5 SFC Program Structure for the LAD counterpart of SFC selection branches.
See Parallel branch structure in 7.1.5 SFC Program Structure for the LAD counterpart of SFC parallel branches.

How To Program With SFC

1. Analyse the work flow and determine the program structure

The structure of a SFC program is classified into three types: simple sequential structure, selection branch structure
and parallel branch structure. Besides, the jump structure is also a special form of the selection branch structure.

To program with SFC, the first thing to do is to determine the structure of the flow. For example, a single object passing
through a sequential flow is a simple sequential structure. Multiple objects with different parameters to be processed
asynchronously needs a selection branch structure. While a cooperation of multiple independent mechanical elements
may need a parallel branch structure.
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7.4

7.4.1

2. Determine the major procedures and transfer conditions to draw a draft flow chart

After determining the strucuture, you need to figure out the major procedures and transfer conditions. By deviding the
work flow into smaller operation stages, you can get the procedures. End each procedure with a transfer condition,
and you can get the draft of the work flow.

3. Make a SFC program according to the draft flow chart

Use the SFC programming language in AutoStation to make a SFC program out of the draft flow chart. By now you
have got an executable PLC program, but you still need to refine it.

4. Make a list of input and output points, and determine the objects of each procedure and the transfer conditions

Generally, the input points are transfer conditions, while the output points are the operation objects. In addition, with
the list, you can further modify the SFC.

5. Input the steps and transfer conditions

In the SFC program you just made, right click a SFC symbol and select Embedded Ladder Chart in the shortcut
menu. You are then able to edit the step or transfer condition through the LAD programming language.

6. Add functional program sections to the program

Do remember to add program sections that provide general functions, such as start, stop and alarm functions. Such
program sections should all be put in LAD blocks.

A Note

The start and stop operations are crucial for personal and equipment safety. Considering the special features of SFC program,
make sure that all outputs that should be stopped are shut down when the PLC is stopped.

Points To Note In SFC Programming

The STL instruction has some special characteristics, and the PLC scans instructions cyclically by their display order.
Because of these reasons, there are some points to note during SFC programming.

Common Programming Errors

1. Reusing steps

In the same PLC program, each step corresponds to a unique S element and cannot be reused.
Note this when editing a SFC program using the LAD editor.

2. Setting branches after a transfer condition

Setting conditioned branches after a transfer condition is prohibited in SFC programming, as shown in the left figure
below. Instead, you should change it into the right figure below.

0 m nz nio S0 n nz nio
—3 { | { | > iz | | { | 2
M3 5 [ 3 15
[ — > b — 2
M4 mi1 [ " mi1
b I P ]
NS n ns
—{ SET 520 1 b1 1 SET 320 ]

3. Connecting output coils to internal bus after a NC or NO contact instruction

Connecting output coils to the internal bus after a NO or NC contact instruction in a branch is prohibited, as shown in
the left figure below. In stead, you should change it into the right figure below.

30 Lo 0 mio
—2 > W= 3
e mit
[y — |_;{/ 3 —_— 2
T wn s 15
_— b} — 2
ns ms
L —q sET szo ] L 4 —1 sET  sen 1
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4. Reusing the same element in neighboring steps

The PLC scans instructions by their display order. The scanning of the current step and that of the next step are
closely joined together.

Therefore, after a STL instruction is executed, although certain elements of the instruction will be reset (see 5.3.1
STL: SFC State Load Instruction), the reset will not be carried out until the next scan cycle. That means, at the moment
of the transfer, the elements of the last step retains their states and values until the step is scanned in the next cycle.
As shown in the following figure, the two neighboring steps use the same timer: T2. When the S0-S20 transfer occurs,
the T2 will retain its value and state, rendering the step S20 unable to perform as it is designed. The program will jump
directly to S21 and S22. Therefore, it should be noted that, although reusing elements in a program is not prohibited,
you should avoid reusing them in neighboring steps, or accidents may occur.

50 SMOD 45
Wi0l—En m— ToN T2 50 ]
1z OFF
L — SET 320 ]
520 MO 45
Ml— s >——Ji—{ TN T2 50 ]
1z 10
— >
[} E] 523
— >
] OFF
L SET 521 ]
OFF
SET 522 ]

5. Failing to inter-lock elements

During SFC programming, certain elements may become contradictary to each other under some special transfer
conditions. Inter-locking is then necessary.

Take the following forward & backward operation program as an example, where YO and Y1 are respectively forward
and backward output. X0 is forward operation, X1 is backward operation, and X2 the is stop button. YO and Y1 should
be inter-locked, that is to say, they should not be ON at the same time.

However, in this example, when Y0 is ON, if X1 is ON and the S33 is validated, Y1 will be also ON, within the same
scan cycle with YO.

55 A To
H2s—
533 1
533
N2gl—< s
SET 534 ]
Stop button
534 3MO
W27« §>— | p—[ BRST 534 ]
t-::sl-[ BET ]
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7.4.2

Therefore, you need to add an interlock to the program by adding a YO NC contact before the Y1 output coil, as shown
in the following figure.

533 :|
534 1
Stcp button
534 M0
wl—<s5»—— | p—{ B3T 534 ]

w2 3|.[ RET 7

6. Confusing jumps with transfers

Jumps are used between different procedures or non-neighboring steps, while transfers are used between
neighboring steps. It is prohibited to change an output coil into a SET instruction where a jump should be used, or
change a output coil into a SET instruction where a transfer should be used.

7. Using parllel merge for selection branches

In a selection branch structure, only one selection is valid. However, when it is mixed with a parallel branch structure,
the selection branch structure may never end. As shown in the following figure. In the left part, when flow 1 runs to step
S41, it meets the transfer condition of a parallel merge. But the system will never run flow 2. Therefore the transfer will
never occur, making flow 1 unable to end.

Sh* 6%

3354 |E5x_| 235k |£5*_|

e -
(o] EalED

[ saox | [ sa7e | 540k
—— —t— S42%

sk [— =
The same operation
S41% | —t— =
- S43k Empty step

VS*LI Flow 1 cannot end due to the
parallel structure.

34

As shown in the right part, to correct it, you need to add a step S42 whose function is the same as S41. Then add an
empty step S43 that serves as a structural block without actual function. Design the transfer conditions for S38, S41
and S43 according to the actual situation.

Programming Tricks

1. Making use of empty steps
You may need empty steps to deal with the branches with grammatical problems. The empty steps do not provide
actual operation, but a necessary node in structure before the next transfer. See the following example.

In the left figure below, the selection merge is connected immediately with another selection branch structure. That is
prohibited. You can change it as the right figure shows: add an empty step.
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T SRk
EENEEEREEE EENEEEREEE
P '
Inexecutable Modly >
parallel structure 5____’/) E@ Add a empty step
[ 53« | [ s3m | - -
. _ EEAEEEE
Ve
Vo

In the left figure below, the selection merge is connected immediately with a parallel branch structure. That is
prohibited too. You can also change it as the right figure shows: add an empty step.

SE* T
[(sase | [ s | [ sam | EAREEEEE
T T T Mww[ T T T
pal:]aell)(e?‘:slt]:istlﬁre = E@ Add a empty step
S36% _
: o |
W —

You can address other tricky structures, such as parallel merge connected with parallel branches, or parallel branches
connected with selection branches, by adding an empty step.

2. Merging branches and transfer conditions

Some seemingly complicated branches are the result of bad design. You can simplify them by merging some
branches.

As shown below, the designer set a selection branch first, following it by two selection branches. However, simply four

selection branches will achieve the same. The original two-level transfer conditions become one level transfer
condition.

SB* Mergeable conditions
Merge the mergeable
conditions

[ s | [ s | [sams | [ s3e« |&> [ sas« | [ sss | [ sam | [ sss |

539%

394 539

239

3. Making use of battery backup function

The S elements can be saved upon power failure by the battery. In this way the program can resume from the step
when the power failure occurred.

IVC Series Small PLC Programming Manual




Chapter 7 SFC Tutor 217

7.5

7.5.1

Examples Of SFC Programming

The examples in this section are just illustrations of SFC programming, with simplified operations and conditions. The
equipment configuration is conceptual and for study only. Do not apply the example programs to actual use.

Simple Sequential Structure

The following example is an object lifting and conveying machine. This machine uses cylinder lifting devices and
rollers to convey the object tray from one conveying belt to another. The following figure is a top view of the machine.

Conveying Conveying
belt 1 belt W

[ ]
o
\

Tray in Baffle plate Convey complete
11O
Height OK: — In lift 2
Left-side lift cylinder—" - i
F Limit switch
In lift 1 —Lift Rollers —Lift ) )
Right-side lift cylinder @ Cylinder/solenoid valve

After the machine is started, the object tray will be conveyed to the entrance of the machine at the left side and trigger
the “Tray in” limit switch. If no other tray is occupying the machine, the “Baffle plate” will lower down to let the object
tray enter the machine. When the tray is completely into the lift when it triggers the “In lift 1” limit switch, the lift will raise
the tray until the “Height OK” limit switch is triggered. The rollers will then act to convey the tray to the lift on the right
side until the “In lift 2” limit switch is triggered. The lift will then lower to put the tray to the conveying belt on the right.
When the “Convey complete” limit switch is reset, a complete lift and convey process is over and the machine is ready
for the next round.

The input and output points are listed in the following table.

SN | Address Monitored object SN | Address Monitored object

1 X0 Tray in limit switch 8 YO Cylinder solenoid valve for the baffle plate
2 X1 In lift 1 limit switch 9 Y1 Cylinder solenoid valve for the left lift

3 X2 Height OK limit switch 10 Y2 Cylinder solenoid valve for the right lift

4 X3 In lift 2 limit switch 11 Y3 Roller motor contactor

5 X4 Convey complete 12 Y4 Motor contactor for the left conveying belt
6 X5 Start switch 13 Y5 Motor contactor for the right conveying belt
7 X6 Auxiliary signal of emergency switch

This is a simple sequential flow. The procedures are linear, without any selection or parallel procedures. Writing the
program with SFC would be faster and clearer than the conventional logic design method.

See the following figure for the SFC program and its LAD counterpart.

Start & stop control program section

Initial empty step

Use X0 as the transfer condition, and S20~S23 as the limit to prevent the next tray from entering before
the current operation ends

Lower the baffle plate to let the tray in lift 1. Delay: 1s

Delay (1s) time is up and start the next step
Lifting cylinders (Y1, Y2) act till Hight OK switch (X2) acts. Delay: 0.8s.

Delay (0.8s) time is up and start the next step
Start roller motor (Y3)

In lift 2 limit switch (X3) acts to enter the next step
The left & right lifts lower and the roller stops

X4 is reset to start a new round
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7.5.2 Selection Branch Structure

The following example is a material mixing flow. Through this flow, two kinds of products, namely A and B, are
produced. See the following figure for the illustration of the manufacturing device.

A minor
ingredient pipe
Deionized /B minor ingredient pipe

Major ingredient pipe~_ water
YO valv [~ y2 vaive
Y1 Major ingredient valve~.

Y3 val

+—— Mixing pot

Rinsing nozzle — — Rinsing nozzle

r Stirring paddle

Y4 evacuation valve

To start the operation, the operator should select through the touch screen the product type, A or B, for the next batch
of product. As the second step, the major ingredient wil be added until the added ingredient reaches 2000kg. As the
third step, minor ingredient, A for type A product or B for type B product, will be added until the added minor ingredient
reaches 500kg. As the forth step, the ingredients will be mixed round for 20 minutes. As the fifth step, the material will
be evacuated until the left material is less than 20kg and the delay is over. Then the machine is ready for the next
round.

If the machine is brand new, or the product type produced last time is different from what is going to be produced, you
need to open the deionized water valve and evacuation valve to rinse the machine for 5 minutes before the operation.
The input and output points are listed in the following table.

SN | Address Monitored object SN Address Monitored object

1 X0 Deionized water valve open 10 X11 Evacuation valve open

2 X1 Deionized water valve closed 11 X12 Evacuation valve closed

3 X2 Major ingredient valve open 12 YO Solenoid valve for deionized water

4 X3 Major ingredient valve closed 13 Y1 Solenoid valve for major ingredient

5 X4 Minor ingredient A valve open 14 Y2 Solenoid valve for minor ingredient A
6 X5 Minor ingredient A valve closed 15 Y3 Solenoid valve for minor ingredient B
7 X6 Minor ingredient B valve open 16 Y4 Solenoid valve for evacuation

8 X7 Minor ingredient B valve closed 17 Y5 Mixing motor contactor

9 X10 Mixing motor running

Obviously this is a selection branch structured flow. You can select only one type of product , A or B, in a round.
Meanwhile, the flow has a selection and jump structure: the rinsing procedure.

The following figures are the corresponding SFC program and its LAD counterpart.
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' Start & stop (;ontrol program section

0 n— Initial empty step

To process product different from ' To process the same product as
last time, enter the rinsing step. . -the last time, enter next step

s20 | Wzt

Rinsing time (5min) is up

571 . Add major i.ngredient

Branch for product A Branch for product B
= M = |

The mixing s.tep

Time (20min) is up
The evacuation step
Evacuation complete

Mark the prbduct type this time
for the next.round

Enter the next round

W4 m o 1 ]
— i |
ZRIT =0 T :|
ZRET ¥a S :|
- it — 1 2 Hos=r ok ]
_|:-:.|_[ =r = ]
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7.5.3 Parallel Branch Structure

The next example is a bottle packager. The packager seals the bottles and sticks labels to them. Meanwhile, it will
examine the bottle cap and label, so that the flawed products will be eliminated in the third procedure, while the
qualified products will continue to the next work flow.

If no bottle is sent from the last work flow, the packager will not conduct any sealing or labelling. The three procedures
are carried out at the same time, and each bottle moves from one position to another each time the rotary plate rotates.
See the following figure for the illustration of the packager.

Capping Labelling Eliminating
cylinder Y1 cylinder Y2 cylinder Y3
_Capping cylinder Labelling cylinder Eliminating cylinder
rod BACK X10 ;Od BACK X11 rod BACK X12
Capping cylinder R )
— r'c)fj é’u_ly X7 Labelling cylinder Eliminating cylinder
c rod OUT X6 rod OUT X5
ap
Rotary plate of [ [ [
packing machinew
—
Bottle Bottle Bottle

Running direction
of rotary plate

Exit of rotary plate

Entrance of

Rotary plate step
rotary plate

limit switch X0

Rotatary plate
Cap in position ~ motor YO
detection switch X2 Labelling
cylinder Y2

Exit of disqualified
products

During the operation, the rotary plate rotates one step each time, which is detected by the X0 limit switch. The rotary
plate will stay at each step long enough for all the three procedures, driven by cylinders, are finished. The cylinder rod
OUT signal and cylinder rod BACK signal are monitored respectively.

The input and output points arel isted in the following table.

SN Address Monitored object SN Address Monitored object

1 X0 Rotary plate step limit switch 8 X10 Capping cylinder rod BACK

2 X1 Bottle in position detection switch 9 X1 Labelling cylinder rod BACK

3 X2 Cap in position detection switch 10 X12 Eliminatiing cylinder rod BACK
4 X3 Label detection switch 11 YO0 Rotary plate motor

5 X5 Eliminating cylinder rod OUT 12 Y1 Capping cylinder

6 X6 Labelling cylinder rod OUT 13 Y2 Labelling cylinder

7 X7 Capping cylinder rod OUT 14 Y3 Eliminating cylinder
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It is obvious that this is a parallel branch structured flow. With every step that the rotary plate makes, all the tree
procedures are carried out at the same time. Then, when the three procedures are finished, the rotary plate will rotate
one step again. See the following figure for the corresponding SFC program and its LAD counterpart.

In the program, M1 ~ M3 are the qualification flags for the procedures of capping, labeling and eliminating respectively.
When the capping procedure runs to S22, X2 will check whether the capping is qualified or not. If yes, the
corresponding qualification flag M1 will be set. When the labelling procedure runs to S25, X3 will check whether the
labelling is qualified or not. If not, M2 will be reset. After all the procedures are complete, at step S29, the M2 state will
be transferred to M3, and M1 state will be transferred to M2.

The capping procedure will act according to X1 state. If X1 indicates no bottle is in position, the capping will not
proceed. The labelling procedure will act according to M2 state. If M2 is OFF, it indicates that the bottle in position is
disqualified, and the labelling will not proceed. The eliminating procedure will act according to M3. The elimination will
not be conducted when M3 is ON, which indicates that the bottle is qualified, or the elimination will be conducted
otherwise. In both cases, M3 will be reset in S32 to prepare for the next procedure.

Start & stop control program section

S0 l— Initial empty step

When a X0 rising edge is detected The labelling procedures

—The eliminating procedures

The capping procedures ] ] ] ] ) i
Sei | Seak pi2 qualification | gaex M3 qualification
. . . . ag . . flag -

Transfer conditions —— s =
521 | 505 S2
© Jumpwhen
— no bottle is

" inpositon -~
S22 | 25

Mark the qualified ’ ’ " Mark the qualified ) Reset the M3
product (M1) S2Ek | ] ] Sl | _ product (M2) 532 | disqualification flag

—— Parallel merge

" Transfer the

529 qualification flag

" states from M1 to M2
and from M2 to M3

Jump upon Jump upon -
disqualified qualified

product ° ) product -
53l | S )
. Elimination operation

-Labeling operation

Capping operatiol

30
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Chapter 8 Using High Speed I/O

This chapter presents the usage and notes about the high speed counters, external pulse and PLS envelope.

8.1 High SPEEA COUNET......cii ittt e ettt e e e e e ettt e e e e e e s e s taeeeeeeeesasbeeeeaaeeesanssssseaaeeesasssseeaaaeesaansaneeeaeeesnnnes 227
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8.1.2 High Speed Counter And SM Auxiliary Relay Relationship ..o 228
8.1.3 Usage Of High SPeed COUNLET ..ottt e e e ettt e e e e e e s e et e e e e e e e sannnneeeaaeaeaanns 228
8.1.4 Points To Note About High Speed COUNLEIS..........uuiiiiiiiiiiiiiiee ettt e et e e e e e e s aaeeeaeeesanes 230

8.2 External Pulse Capture FUNCHON. ..........uiiiiiie ettt e e e e et e e e e e e st aeeaaeeesasssseeeaeeesaansnneeeaeeeannnes 231

8.3 High SpPeed PUISE OULPUL.......eiiiiiiiii ittt et e e e e e e s et e et e e e e e sasbaeeeaaeeesansbaeeeaaeeesassssaeeaeessaassnseeaaeessannes 231
8.3.1 High Speed Pulse OUtput FUNCHION...........ooiiie et e e e e e e s e e e e e e e enes 231
8.3.2 Points To Note About High Speed Pulse OULPUL ... 231

8.4 Configuring PLS ENVElOPe INSIUCHON.......ooi ettt e e e e e et e e e e e e e e nnnneeeaaeeannes 232

8.5 Notes On High Speed /O APPHCALION .......ooi ittt e e e e et e e e e e e s et e e e e e e e e nnnneeeaaeeannes 234
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8.1 High Speed Counter

8.1.1 Configuration

The built-in high speed counter for IVC series small PLCs are configured as follows:

Table 8-1 High speed counter configuration

Input point |5 X1 X2 X3 X4 X5 X6 X7 Max. frequency (kHz)
Counter
Counter236 u/D* 50
Counter237 u/D 50
1 Counter238 u/D
phase | Counter 239 u/D
&1 Counter 240 u/D
point Counter 241 u/D 10
input Counter 242 u/D Reset
mode | Counter 243 u/D Reset
Counter 244 u/D Reset Start
Counter 245 u/D Reset Start
1 Counter 246 U D 50
phase | Counter 247 U D Reset
bi-dire | Counter 248 u D Reset
ctional | Counter 249 u D Reset Start 10
input
mode Counter 250 U D Reset Start
Counter 251 Ph A Ph B 30
2 Counter 252 Ph A Ph B Reset
phase
input Counter 253 Ph A Ph B Reset 5
mode Counter 254 Ph A Ph B Reset Start
Counter 255 Ph A Ph B Reset Start
Note:
1. U:UP
2. D: Down

In the modes listed in the preceding table, the high speed counters will act according to certain input and handle high
speed action according to interrupts. The counting practice is unrelated to the PLC scan cycle.

All the high speed counters are of the 32-bit bi-directional type. According to their different up/down switchover
methods, they fall into the following three categories:

ltem

1 phase | point input

1 phase bi-directional input

2-phase input

Counting
direction
control

Counters C236 ~ C245 are down
counters when SM236 ~ SM245
are ON, and up counters when

C236 ~ C245 are off

Counters C246 ~ C250 are
either up counters or down
counters, dependent on
the input

Counter C251 ~ C255 acts according to the input.
They count up when phase A is on and phase B
changes from OFF to ON, and count down when
phase A is ON and phase B changes from ON to OFF

Counting
direction
flag

SM246 ~ SM255 are the direction flags of C246 ~ C255.
SM element OFF: counting up. SM element ON: counting down.
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8.1.2 High Speed Counter And SM Auxiliary Relay Relationship

Special auxiliary relay for controlling counting Special auxiliary relay for monitoring counting
direction direction
Type Counter SN Up/Down control Type Counter SN Up/Down monitor
C236 SM236 C246 SM246
C237 SM237 1 phase C247 SM247
C238 SM238 bi-directional C248 SM248
C239 SM239 input C249 SM249
1 phase 1 point C240 SM240 C250 SM250
input C241 SM241 C251 SM251
C242 SM242 C252 SM252
C243 SM243 2 phase input C253 SM253
C244 SM244 C254 SM254
C245 SM245 C255 SM255

8.1.3 Usage Of High Speed Counter

1 phase 1 point input high speed counter

The 1 phase 1 point input high speed counter starts to count only when the pulse input changes from OFF to ON, with
the counting direction determined by its corresponding SM element.

Example:

SMz44
>

&}
HCHT — CZ244 3 I

1z
[

1)
— EsT CE44 1

The time sequence chart of the contacts action in the program is shown in the following figure:

X11 & X6 are ON, C244 starts to count.
X10is ON, C244 is cleared

X12 & SM244 are OFF, C244 counts up.
X12 & SM244 are ON, C244 counts down

C244 counts 3, and C244 contact state changes
When X11 & X6 are ON, and X2 changes to ON,
C244 data and contact are cleared

x12 \

SM244 \

X1

x6 |

X10

X0

C244

C244 contact

Note:

1. Counter input point: X0.

2. High speed counters, when used in instructions DHSCS, DHSCR, DHSZ, DHSP and DHST,
can trigger operations free from the scan cycle.
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1 phase bi-directional input high speed counter

The 1 phase bi-directional input high speed counter starts to count only when the pulse input changes from OFF to ON.
The two input points determines its counting direction, which is monitored by its corresponding SM element.

Example:

e o

I

E
e
F

The time sequence chart of the contacts action in the program is shown in the following figure:

X10 is ON, C250 is cleared regardless of X11 and X7

X11 & X7: ON, C250 starts to count. X3 changes from OFF to ON
C250 counts up. SM250 is not being driven

C250 value reaches 3, C250 contact changes X11 & X7: ON. If X5 is ON, C250 is
X4 changes from OFF to ON, C250 cleared, and the contact is reset
X5 counts down. SM250 is being driven

X11

[

X7

xto ]
xa [HUUUUI UL

X4

SM250

C250
,J—”i

C250 contact

Note:

1. Counter input points: X3 & X4.

2. High speed counters, when used in instructions DHSCS, DHSCR, DHSZ, DHSP and DHST,
can trigger operations free from the scan cycle.

2 phase input high speed counter

The 2 phase input high speed counter starts to count only when the pulse input changes from OFF to ON. The phase
difference of the two pulse inputs determines the counting direction, which is monitored by the corresponding SM
element.

Example:

T3

4
HCHT  C2%4 3 I

b
-

oy

— BEsT C254 I
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The time sequence chart of the contacts action in the program is shown in the following figure:

X10is ON, C254 is cleared regardless of X11 & X6

X11: ON. If X6 is ON, C254 starts to count. X0 is ON, and X11
changes from OFF to ON, X254 counts up. SM254 is not being

driven.
C254 values reaches 3, C254 contact changes X11 & X6: ON, X2 changes ON, C254
X0: ON. X1 changes from ON to OFF, is cleared, and the contact is reset
X2 C254 counts down. SM254 is being driven
X11
X6

X10 ]
LU RN Ru R AR uRRuARy Ny ) —
xi UL RRRRRSE R AR AR T] —

SM254 |

C254 E Ji,i‘

C254 contac

Note:

1. Counter input points: X0 & X1.

2. High speed counters, when used in instructions DHSCS, DHSCR, DHSZ, DHSP and DHST,
can trigger operations free from the scan cycle.

8.1.4 Points To Note About High Speed Counters

Classification of high speed counters

C236, C237, C246 and C251 can be used as both hardware counters and software counters, depending on the modes
in which they are used. All the other high speed counters are software counters.

Maximum combined frequency
1. The maximum combined frequency, or the sum of frequencies of all signals input at any time, should not exceed
80kHz on the following two occasions:

® \When multiple high speed counters (hardware counting mode) are used simultaneously.

® When the high speed counters (hardware counting mode) and the SPD instruction are used at the same time.

2. The maximum combined frequency when multiple software high speed counters, or when high speed counters and
the SPD instruction, are used at the same time, is shown in the following table:

Scenario Maximum combined frequency
Instructions DHSCS, DHSCR, DHSCI, DHSZ, DHSP and DHST are not used 80kHz
Instructions DHSCS, DHSCR, DHSCI, DHSP or DHST are used 30kHz
Instruction DHSZ is used 20kHz

Maximum frequency of hardware counter

Counters C236, C237, C246 and C251 are the only four potential hardware counters. Among which:
® C236, C237 and C246 are 1 phase counters. Their maximum counting frequency is 50kHz.
® C251 is a 2-phase counter. Its maximum counting frequency is 30kHz.

Maximum frequency of software counters

The high speed counters used in instructions DHSCS, DHSCR, DHSCI, DHSP or DHST are all in software counting
mode. The maximum input frequency for the 1-phase counters is 10kHz; for 2-phase counters: 5kHz.
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8.2

8.3

8.3.1

8.3.2

When used in the DHSZ instruction, the maximum frequency for the 1-phase counters is 5kHz; for 2-phase counters:
4kHz.

External Pulse Capture Function

The input points that provides the external pulse capture function are X0 ~ X7. The corresponding SM elements are
listed below:

Input point Corresponding SM element
X0 SM90
X1 SM91
X2 SM92
X3 SM93
X4 SM94
X5 SM95
X6 SM96
X7 SM97

(R Note

1. When the output input point changes from OFF to ON, the SM element of the corresponding terminal will be set to ON.
2. SM90 ~ SM97 will be cleared when the user program starts.
3. The total pulse frequency input through X0 ~ X7 should be smaller than 80kHz.

4. If high speed counters or SPD instructions are used on the same input point, the pulse capture function will become invalid
after the first scan cycle, regardless of the validity of the instructions.

High Speed Pulse Output

High Speed Pulse Output Function

The high speed pulse output is the pulse controllable with instructions PLSY, PLSR, PLS and PWM, and output
through YO or Y1. See 6.10 High-speed I/O Instruction for the usage of such instructions.

The pulse output is unrelated to the scan cycle.

Using two PLSY, PWM or PLSR instructions at the same time can output two independent high speed pulses at YO
and Y1.

Points To Note About High Speed Pulse Output

During the execution of the high-speed instruction, so long as the power flow is not OFF, no other instructions can use
the same port, unless the high speed pulse output instruction is invalid.

If multiple PWM, PLSY or PLSR instructions uses the same output point, the output point will be available only to the
first valid instruction.
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8.4 Configuring PLS Envelope Instruction

You can use the PTO instruction wizard to generate a PLS envelope instruction. In the AutoStation main interface,
select Tool -> Instruction Wizard ... to open the dialogue box as shown in the following figure.
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Select PTO, and click the Next button to enter the Output Wizard of Envelop, as shown in the following figure.
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All the sections of the envelope have the same acceleration and deceleration. For example, according to the
configuration shown in the preceding figure, the time it takes for the motor to accelerate from 20000Hz to 50000Hz is:

1000 x (50000 - 20000) + (100000 - 5000) = 316 (ms) = 0.316 (s)

During the acceleration, the total pulse number can be figured out with the trapezoid area calculation method:
(20000+50000) X 0.316-+2 = 11060 (pulse number)

Therefore, if a certain accerleration/deceleration time or pulse number is required, you should do the math before

setting the maximum speed, minimum speed and acc./dec. time.

Click the Next Step button in the preceding figure to enter the Motion Outline Define window as shown in the
following figure.
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Input the Target Speed and moving distance of the first step, and click the New Step button. Then input the Target
Speed and moving distance again and click the New Step button again. Repeat this operation until no more steps
are needed. Then you can click the OK button to enter the Output Wizard of Envelop, as shown in the following
figure, where you can save the configuration into D elements.
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The wizard will generate two subprograms, one for setting the parameters, the other for executing the PLS instruction,
as shown in the following figure. During the programming, do not call the execution subprogram before the parameter
setting subprogram has been called and executed (to assigned values to D elements).
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After naming the subprograms, click the Next Step button to enter the window as shown in the following figure:
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8.5
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Click the Finish button to complete the PTO configuration.

Notes On High Speed I/O Application

The input points X0 ~ X7 can input signals for functions including high speed counter, SPD, pulse capture and external
interrupt. However, such functions cannot be used at the same time, for the chances are that several functions could
require the same input point(s). Therefore, during the PLC programming, only one of the several functions that an
input point can provide is available. If X0 ~ X7 are repeatedly used in a user program, the program will not pass the

compiling.

Among the functions of high speed counter, SPD, pulse capture and external interrupt, the function that X0 ~ X7 can
provide respectively are listed in the following table.

Input point X0 X1 X2 X3 x4 X5 X6 X7 Max. frequency
Counter (kHz)
Counter236 u/D* 50
Counter237 u/D 50
1 Counter238 u/D
phase | Counter 239 u/D
&1 Counter 240 u/D
point Counter 241 u/D 10
input Counter 242 u/D Reset
mode | Counter 243 u/D Reset
Counter 244 u/D Reset Start
Counter 245 u/D Reset Start
1 Counter 246 U D 50
phase | Counter 247 U D Reset
bi-dire | Counter 248 u D Reset
ctional [ Counter 249 V] D Reset Start 10
input
mode Counter 250 u D Reset Start
2 Counter 251 Ph A Ph B 30
phase | Counter 252 Ph A Ph B Reset
bi-dire Counter 253 Ph A Ph B Reset 5
ctional | Counter 254 Ph A Ph B Reset Start
mode | Counter 255 Ph A PhB Reset Start
SPD instruction Input In;?ut Input Input In;?ut Input 10
point point point point point point
Pulse capture function Input Inr?ut Input Input Inr?ut Input Input Input
point point point point point point point point
External interrupts SN | 1/11 2112 3113 414 5/15 6/16 717
(rising/trailing edge)

Note:

U: UP; D: Down
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Chapter 9 Using Interrupts

This chapter details the mechanism, processing procedures and usage of various interrupts.

L I B 101 (= U] o) oY [ =0 o PSPPSR 236
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9.3 TIMeEd INTEITUPL ... 237
9.4 External INterrUpt ... 238
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9.8 Serial Port INterrupt ... 242
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9.1 Interrupt Program

When an interrupt event occurs, the normal scan cycle will be interrupted and the interrupt program will be executed,
which is called the interrupt mechanism. For the event-triggered control tasks that requires priority, you often need to
use this special mechanism.

The system provides many kinds of programmable interrupt resources. Each kind of interrupt resource can trigger a
type of interrupt events, and each type of interrupt event are independently numbered.

In order to deal with a certain interrupt event, you must compile a processing program, that is, an interrupt program,
which is an independent POU in the user program.

An event number must be designated for each interrupt program in order to link the interrupt program with the interrupt
event designated with the event SN. When responding to the interrupt request of the interrupt event, the system will
call the corresponding interrupt program based on the interrupt event number.

The following are the interrupt resources provided by IVC series small PLC:

Event Interrupt event Enabling Event Interrupt event Enabling
number SM number SM
0 X0 input rising edge interrupt SM40 20 High-speed counter interrupt 0 SM65
1 X1input rising edge interrupt SM41 21 High-speed counter interrupt 1 SM65
2 X2 input rising edge interrupt SM42 22 High-speed counter interrupt 2 SM65
3 X3 input rising edge interrupt SM43 23 High-speed counter interrupt 3 SM65
4 X4 input rising edge interrupt SM44 24 High-speed counter interrupt 4 SM65
5 X5 input rising edge interrupt SM45 25 High-speed counter interrupt 5 SM65
Setting:
6 X6 input rising edge interrupt SM46 26 Timed interrupt 0 SDSG_
Enabling:
SM66
Setting:
7 X7 input rising edge interrupt SMm47 27 Timed interrupt 1 SDS?_
Enablin:
SMe7
Setting:
10 X0 input falling edge interrupt SM40 28 Timed interrupt 2 SD68_
Enabling:
SM68
11 X1 input falling edge interrupt SM41 29 Power failure interrupt SM56
12 | X2 input falling edge interrupt SM42 go | Charactersendinginterruptof | o o
communication port 0
13 | X3 input falling edge interrupt SM43 31 Character receiving interrupt of | )/
communication port 0
14 | X4 input falling edge interrupt SM44 ap | Framesending interrupt of SM50
communication port 0
15 | X5 input falling edge interrupt SM45 33 | Framereceiving interrupt of SM51
communication port 0
16 | X6 input falling edge interrupt SM46 34 | Charactersendinginterruptof | o\
communication port 1
17 | X7 input falling edge interrupt SM47 35 | Characterreceiving interruptof | o\
communication port 1
18 PTO (YO0) output completion interrupt | SM63 36 Frame sgndl.ng interrupt of SM54
communication port 1
19 PTO (Y1) output completion interrupt | SM64 37 Frame retcel\./mg interrupt of SM55
communication port 1

9.2 Processing Interrupt Event

1. When a certain interrupt event occurs, if it is enabled, its corresponding event number will be added to the interrupt
request queue, which is 8-record long and FIFO.

2. Processing of the interrupt request by system:
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1) If the system detects that any request in the interrupt queue, it will stop the normal execution of user program.
2) The system will read in the request queue the head record, which is the number of the first interrupt event. The
interrupt program corresponding to the event number will be called and executed.
3) When the interrupt program is finished, the corresponding head record of the request queue will be deleted, and
all the following records will take one step foward.
4) The system will repeat these procedures until the queue is empty.
5) When the interrupt request queue is null, the system will continue to execute the interrupted main program.
3. The system can handle only one interrupt request at one time. When the system is processing an interrupt request,
a new interrupt event will be added to the interrupt request queue rather than being responded immediately. The
system will process it after all the requests ahead of it in the queue are processed.
4. When there are 8 records in the interrupt request queue, the system will automatically mask the new interrupt event
so that no new requests will be added to the queue. The mask will not be cancelled until all the requests in the queue
are processed and the interrupted main program is executed.

A Note

1. The interrupts should be brief, or abnormalities may occur, including the mask of other interrupt events (missing of interrupt
requests), system scan overtime and low execution efficiency of main program.

2. It is prohibited to call other subprograms in the interrupt program.

3. If you want to refresh I/O immediately during the interrupt, use the REF instruction. Note that the execution time of REF is
related to the number of the I/Os to be refreshed.

4. An interrupt event can generate an interrupt request only when the corresponding interrupt event is enabled (which requires
setting the corresponding SM element ON), and the global interrupt enable flag shall be on.

5. When an interrupt request with no corresponding interrupt program in the user program is generated, the request will be
responded to, but the response is empty.

9.3 Timed Interrupt

Description

The timed interrupt is the interrupt event generated by the system from time to time based on the user setting.

The timed interrupt program is applicable to the situation that requires timed and immediate processing by the system,
such as the timed sampling of analogue signals, and timed updating analogue output according to certain waveform.

You can set the intervals (unit: ms) for the timed interrupts by setting the corresponding SD elements. The system will
generate the interrupt eventwhen the set time interval is reached (recommended minimum interval: > 4ms).

The ON/OFF status of certain SM elements can enable/disable the corresponding timed interrupts.
The system provides 3 kinds of timed interrupt resources.

Table 9-1 Timed interrupt resource list

Timed interrupt Interrupt event number Intervals of timed interrupt (SD) Enable control (SM)
0 26 SD66 SM66
1 27 SD67 SM67
2 28 SD68 SM68
(B8] Note

1. Setting of enable control elements cannot affect the exection of the timed interrupts in the interrupt request queue.
2. The timing for a re-enabled interrupt will start from zero.

To change the interval of the timed interrupt when the program is running, it is recommended to follow the following
procedures:

1. Disable the timed interrupt.

2. Change the interval.

3. Enable the time interrupt.

Example

This example uses timed interrupt O to flip the YO output once a second, which makes YO flashe.
1. Compile an interrupt program for the interrupt event.
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2. Specify an interrupt event number for the interrupt program:
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3. Set the interval for the timed interrupt and enable the timed interrupt in the main program.
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9.4 External Interrupt

Description

The external interrupt is related to the actual PLC input points. It is classified into input rising edge interrupt and input
falling edge interrupt. In the user program, add the actions related to external event to the external interrupt program.
The highest response frequency of the system to the external event is 1K. The external events over 1K may be lost.
The rising edge interrupt and falling edge interrupt cannot be used on the same port simultaneously. All the external
interrupts are only valid when the global interrupt control El and corresponding enabling SM are valid.

The detailed relationship is as follows:

Interrupt number Enabling element Interrupt number Enabling element
Oor10 SM40 4or14 SM44
1or 11 SM41 5o0r15 SM45
2o0r12 SM42 6 or 16 SM46
3o0r13 SM43 7or17 SM47
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The external interrupts are numbered as follows:

Interrupt number Interrupt source Interrupt number Interrupt source

0 X0 input rising edge interrupt 9 Reserved

1 X1 input rising edge interrupt 10 X0 input falling edge interrupt
2 X2 input rising edge interrupt 11 X1 input falling edge interrupt
3 X3 input rising edge interrupt 12 X2 input falling edge interrupt
4 X4 input rising edge interrupt 13 X3 input falling edge interrupt
5 X5 input rising edge interrupt 14 X4 input falling edge interrupt
6 X6 input rising edge interrupt 15 X5 input falling edge interrupt
7 X7 input rising edge interrupt 16 X6 input falling edge interrupt
8 Reserved 17 X7 input falling edge interrupt

The single input impulse frequency of X0 - X7 is less than 200Hz.

Example

In the example, the system upsets the output of YO based on the corresponding external interrupt 0 function and rising
edge input event of X0.

1. Compile the interrupt program to flip YO status once upon every interrupt and output immediately. To use an interrupt,
you should select its corresponding interrupt number. See the following figure for the specific operation.
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2. Write El instruction in the main program, and set SM40, the interrupt enabling flag of X0 input rising edge interrupt,
valid.
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9.5 High-speed Counter Interrupt

Description

The high-speed counter interrupt must be used together with the HCNT instruction or DHSCI instruction, and
generates high-speed counter interrupt based on the value of the high-speed counter. You can compile programs
related to external pulse input in the high-speed interrupt program. The high-speed counter interrupts (20 ~ 25) are
valid only when the El instruction and corresponding interrupt enable flag are valid.

Example
This example uses the high speed counter function of X0 to call the interrupt program (number 20) when the external
counter C236 reaches the value specified through the DHSCI instruction.

1. Compile interrupt program, choose an interrupt number for each interrupt subprogram. See the following figure for
the specific operation.
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2. Write El instruction in the main program, and set SM65, the interrupt enabling flag of high speed counter interrupt,
valid. Drive the high-speed counter C236 and high-speed counter interrupt instruction.
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9.6 PTO Output Completion Interrupt

Description

The PTO output completion interrupt is triggered when enable flag (SM63 or SM64) is set and the high-speed pulse
output at YO or Y1 is finished. You can carry out the relevant processing in the interrupt sub-program. This function is
applicable only to IVC1 series PLC.

Example

This example uses the high-speed pulse output of YO to call the interrupt program (number 18) after YO high-speed
pulse output is finished.

1. Code function in interrupt program (INT_1): Compile program for the interrupt code to realize the control. Choose
the corresponding interrupt number for each interrupt. See INT_1 for the specific operation.
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2. Code function in main program: Enable the global interrupt of the system and the enable flag SM63 of PTO output
interrupt. Use PLS instruction.
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9.7

9.8

Power Failure Interrupt

When the enable flag of SM56 is set and the main module has detected the power failure, the power failure interrupt
will be triggered and the user can carry out the relevant processing in the interrupt sub-program. This function is
applicable only to IVC1 series PLC.

As the power failure interrupt subprogram is executed when the system has no external power supply, the execution
duration of power failure interrupt subprogram shall not be over 5ms. Otherwise, the power failure retention
component cannot be completely saved.

Serial Port Interrupt

Description

Serial port interrupt: Under the free port protocol mode of serial port, the system will generate interrupt event based on
the sending or receiving events of serial port.

For each serial port, the system supports 4 interrupt resources for the user. The interrupt program of serial port is
mainly used when special processing is required for the receiving and sending of character/frame at the serial port and
timely processing is requested. It is able to respond to the processing of completing character/frame XMT/RCV without
being influenced by scanning time.

Set the ON/OFF status of SM component and the serial port interrupt can be enabled or disabled. When the serial port
interrupt is disabled, the ones that have been added to the interrupt queue will continue to be executed.

Do not call the XMT instruction of serial port in the processing subprogram of character sending interrupt when the
power flow is normally on. Otherwise, it may lead to interrupt subprogram nesting which blocks the execution of user
program.

Interrupt of frame receiving and sending refers to the interrupt event that is delivered after the XMT and RCV
instructions of the serial port are executed.

Serial port interrupt resource list:

Event number Corresponding interrupt event Interrupt enabling SM
30 Character sending interrupt of communication port 0 SM48
31 Character receiving interrupt of communication port 0 SM49
32 Frame sending interrupt of communication port 0 SM50
33 Frame receiving interrupt of communication port 0 SM51
34 Character sending interrupt of communication port 1 SM52
35 Character receiving interrupt of communication port 1 SM53
36 Frame sending interrupt of communication port 1 SM54
37 Frame receiving interrupt of communication port 1 SM55
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Example

In the example, with the sending interrupt function of serial port frame, the system will flip Y3 output once when a

frame is sent out and generate flashing effect based on the frequency of the character sending frame.

1. Compile interrupt program and the processing code when the serial port sending frame is completed and the

interrupt is triggered.
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2. Specify interrupt event number for the interrupt program:
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3. Compile the code of the sending frame interrupt of enable serial port in the main program.
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For the detailed example of serial port interrupt, please refer to Chapter 10 Using Communication Function.
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Chapter 10 Using Communication Function

This chapter introduces the communication function of IVC series small PLC, including the communication resources
and communication protocols, and uses examples to illustrate.

10.1 COMMUNICATION RESOUICE ......eiiiiiiieiitiee ettt ettt e e e bt e e e et e e s st e e e e smbe e e e aante e e e neeeeesnsseeeenteeeeanneeesanneeens 245
10.2 Programming PoOrt PrOtOCOL ........ ... ittt e e e e e ettt e e e e e e s e nnateeeeaaeeaannbeneeaaeaaannsneeeas 245
10.3 Free Port CommuniCation ProtOCOL ............eeeiiiiii ettt e e e e e e et e e e e e e e e e nneeeeeeaeeeeanneeeeas 245
LR 2t I [ Yo 183 1) o PRSP UPRTPT 245
10.3.2 Parameter Setting Of Fre@ PoOrt ... et e et e e e e e e e nnae e e e e e e eenae 245
10.3.3 Free PoOrt INSIIUCHION ....coiiiiiiiiiiiie ettt e e e e e ettt e e e e e eesasba et eaaeeesansssaeeeaeeesansnssaeeeeesannses 246
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10.1 Communication Resource

The baud rates applicable to IVC series small PLC are listed in the following table:

Communication port

Supported baud rates for different protocols

Communication port 0

115200, 57600, 38400, 19200, 9600, 4800, 2400, 1200

Communication port 1

115200, 57600, 38400, 19200, 9600, 4800, 2400, 1200

The communication protocols that IVC series small PLC supports are listed in the following table:

rnB:c|sL|JTe CommpL:)r:lcahon Port type Supported protocol
Port 0 RS-232 Programming port protocol, free port protocol, Modbus communication protocol(slave
VG2 station), N:N bus communication protocol(master station, slave station)
Port 1 RS-232 or | Free port protocol, Modbus communication protocol (master station, slave station),
RS-485 N:N bus communication protocol (master station, slave station)
Port 0 RS-232 Programming port protocol, free port protocol, Modbus communication protocol
VG (slave station), N:N bus communication protocol (master station, slave station)
Port 1 RS-232 or | Free port protocol, Modbus communication protocol (master station, slave station)
RS-485 N:N bus communication protocol (master station, slave station)

You can also set the mode selection switch of IVC series PLC to TM to to transfer port 0 to programming port protocol.

10.2 Programming Port Protocol

The programming port protocol is an internal protocol dedicated to the communication between the host and the PLC.

10.3 Free Port Communication Protocol

10.3.1 Introduction

The free port protocol is a communication mode with user-defined data file format. It supports two data formats: ASCII
and binary. The free port protocol realizes data communication through instructions and can only be used when PLC is

in the RUN state.

The free port communication instructions include XMT (sending instruction) and RCV (receive instruction).

10.3.2 Parameter Setting of Free Port

Select Communication Port in the System block dialogue box, and select Freeport protocol in port O or port 1
setting area to enable the Freeport setting button as follows:
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The parameter setting of free port is as follows:

Check to allow. Default: not allowed

character detection

| Cwhask dahsm |
huir;ﬂ S Farty ren "
Cumbe B =  mmh | T
o bt L brim
| Bdicary kit chasracter cetecbian
o e chirgctes dabaction
| Inbarchasracher Hracut [ L]
=] Irtoarfr area tracut 20 =L
| [ coen |
Configurable items are listed in the following table:
Item Setting Remark
Baud rate 38400,19200, 9600, 4800, 2400, -
1200. Defaut: 9600
Data bit 7 or 8 (default) -
Parity None (default), odd, even -
Stop bit 1 (default) or 2 -
Allow start -

Start character

2 i FF
detection (setting) 0 to 255 (corresponding to 00 to FF)

Start receiving after the designated start character is detected.
Save the received characters (including the start character) to
the designated BFM

Allow end character

X Check to allow. Default: not allowed
detection

End character

2 i FF
detection (setting) 0 to 255 (corresponding to 00 to FF)

Stop receiving after the preset end character is received, and
save the end character to the BFM

Intercharacter

i ) Check to enable. Default: disabled
timeout (enabling)

Intercharacter

0 to 65535
timeout (setting) ° ms

Stop receiving if the interval between two received characters is
longer than the timeout setting

Interframe timeout

) Check to enabling. Default: disabled
(enabling)

When the power flow is valid and the communication conditions
are met, that is, the timing for the receiving is started when the
communication serial port has not been taken up, if the receiving
of one frame has not been finished when the time is up,
terminate the RCV.

Interframe timeout

0 to 65535
(setting) ° ms

When the RCV power flow is valid and the communication
conditions are met, the timing will start as soon as the
communication serial port starts to receive. If a frame is not
received completely when the set time is up, the reception ends

10.3.3 Free Port Instruction

Points to note

The free port instructions XMT and RCV can be used to send/receive data to/from the designated communication port.
For the usage of the free port instruction, refer to 6.72.17  XMT: Free-Port Sending (XMT) Instruction and 6.12.12

RCV: Free-Port Receiving (RCV) Instruction.

Note that to use free port instruction on a certain port, you need to set the free port protocol and communication
parameter for the communication port through the system block of AutoStation. In addition, you need to download the

system setting to the PLC and restart it.
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Example

Example 1: Send a 5-byte data and then receive a 6-byte data through communication port 1.

The data to be sent:

01 | FF

00

01

02

The data to be
received:

01| FF | 02|03 |05]|FE

Save the received data to D elements starting with D10. Each byte occupies one D element, as shown below:

01 FF 02 03 05 FE
D10 D11 D12 D13 D14 D15
M1
— ——{ Mmooy 18# oo ]
H MOV 1B#FF D1 1
1. Change the setting of communication port in the
o mMav 16#0 jij] 1 system block to free port communication and set the
related parameters.
(LA L 3 ] 2. When the power flow of SM1 is valid, save the
to-be-sent data to the communication BFM starting with
o mov 1e#2 D4 ] ) . )
DO0. Send data with XMT instruction and reset SM122
U EST  smize ] (transmission complete flag bit) before the sending.
3. Set SM122 after the transmission, and begin to
{ T 1 oo 5 ] receive data upon the rising edge. The maximum length
smizz for the received characters is 6.
i R ] 4. Set SM123 after the data is received, and perform the
L 41 v 1 o g ] corresponding operation based on the receiving
. completion information register (SD125).
| —— E®ID  sDIZS 2 H INC  Dioo ] 5. Use X5 as the enable bit for interrupting the sending
is and receiving.
——] EST  smizo 1
}—[ EST  SMiZ1 1

Example 2: Send and receive data through communication port 1.

M1
— —— Moy 16# oo
H MOV 1G#FFOL ic
L MOV EZMO ijl
I MOV EZMB oz
L MoV 16# 03
L MoV 1E% o4
I EBST  sSmizz 1
L xmT 1 oo
Smize
b— EST SM123 1
—t— mv 1
M123
— —— EBLD  s5D12S 2
bz
— }—E EST  smMien 1
EST  Smizl 1

]

1
1

oo

H:

IHC

o100

1

Different from “Example 1”, when sending the high & low
bytes of a word element, the element must be divided
into high-& low-byte parts.

For instance, if you want to send the content of D2, you
can store its high byte and low byte separately in D3 and
D4, and then send D3 and D4. You can also store the
data in a K4MX (such as K4MO of in this example)
element. Take K2MO as high byte and K2M8 as low
byte.

IVC Series Small PLC Programming Manual



248

Chapter 10  Using Communication Function

10.4

10.4.1

10.4.2

10.4.3

104.4

10.4.5

Modbus Communication Protocol

Introduction

For the serial port communication of IVC series small PLC, Modbus communication protocol is available. Two
communication modes: ASCIl and RTU (IVC1 only supports RTU mode) are supported. The PLC can be set as the
master or slave station.

Characteristics Of Links

1. Physical layer: RS-232, RS-485
2. Link layer: asynchronous transfer mode
1) Data bit: 7 bits (ASCII) or 8 bits (RTU)
2) Transfer rate: 1200, 2400, 4800, 9600, 19200, 38400
3) Check method: even check, odd check or no check
4) Stop bit: 1 or 2 stop bits
3. Networking configuration: up to 31 sets of equipment. Address range: 1 to 31. Broadcast is supported.

RTU Transfer Mode

1. Hexadecimal data.

2. The interval between two characters shall not be less than the time of 1.5 characters.

3. There is no frame head or tail, and the interval between two frames is at least the time of 3.5 characters.
4. Use CRC16 check.

5. The maximum length of RTU frame is 256 bytes and the frame structure is as follows:

Structure of frame Address Function code Data CRC

Nubmer of Bytes 1 1 0 to 252 2

6. Calculation of interval among characters:
If the communication baud rate is 19200, the interval of 1.5 characters is 1/19200x11x1.5%x1000 = 0.86ms.
The interval of 3.5 characters is 1/19200x11x3.5%x1000 = 2ms.

ASCII Transfer Mode

1. Use ASCII data communication.

2. The frame takes “: (3A)"as the head, and CRLF (0D 0A) as the tail.

3. The allowed interval among characters is 1s.

4. Use LRC check.

5. The frame of ASCII is longer than that of RTU. It is required two character codes for transferring one byte (HEX) in
ASCII mode. The maximum length for data field (2x252) of ASCII is twice of RTU data field (252). The maximum
length of ASCII frame is 513 characters and the structure of frame is as follows:

Structure of frame head Address Function code Data LRC Tail

Byte 1 2 2 0 to 2*252 2 2

Supported Modbus Function Code

Supported modbus function codes include 01, 02, 03, 05, 06, 08, 15 and 16.
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10.4.6 Addressing Mode Of PLC Element

1. Relationship between read-write element function code and the element:

Function code Name of function code Modicon data address Type of operational element Remark
01 read coil status Mot T xxxx Y,X,M,SM, S, T, C Bit read
02 read discrete input status | 17N® Z:xxxx X Bit read
03 read register status 4 N0t 3:yyexx Note 4 D,SD,ZT,C Word read
05 write single coil status 0:xXxxX Y,M,SM,S, T,C Word write
06 write single register status | 4:xxxx D,SD,ZT,C Word write
15 write multiple coils status 0:xXXX Y,M,SM,S, T,C Bit write
16 write multiple registers Ao D,SD,Z T,C Word write

status
Note:

1. 0 means “coil”.

2. 1 means “discrete input”.

3. 4 means “register”.

4. xxxx means range “1 ~ 9999”. Each type has an independent logic address range of 1 to 9999 (protocol address starts from 0).
5. 0, 1 and 4 do not have the physical meaning and are not involved in actual addressing.

6. Users shall not write X element with function codes 05 and 15; otherwise, the system will not feed back the error information if the
written operand and data are correct, but the system will not perform any operation on the write instruction.

2. Relationship between PLC Element and Modbus Communication Protocol Address:

Element | Type Physical element Protocol address | Supported function code Notes
) YO0 ~ Y377 Output status, element
Y Bit (octal code) 256 points in total 0000 ~ 0255 01, 05,15 code: YO toY7, Y10 toY17
Input status, it supports
X Bit X0 ~ X377 1200 to01455 01, 05, 15 two kinds of address, the
(octal code) 256 points in total | 0000 to0255 02 element code is same as
above
M Bit MO ~ M1999 2000 ~ 3999 01, 05, 15
SM Bit SMO ~ SM255 4400 ~ 4655 01, 05, 15
S Bit S0 ~ S991 6000 ~ 6991 01, 05, 15
T Bit TO ~ T255 8000 ~ 8255 01, 05, 15 Status of T element
C Bit C0 ~ C255 9200 ~ 9455 01, 05, 15 Status of C element
D Word | DO ~ D7999 0000 ~ 7999 03, 06, 16
SD Word | SDO ~ SD255 8000 ~ 8255 03, 06, 16
z Word | Z0 ~Z15 8500 ~ 8515 03, 06, 16
T Word | TO ~T255 9000 ~ 9255 03, 06, 16 current value of T element
current value of C element
C Word | CO ~C199 9500 ~ 9699 03, 06, 16 (WORD)
Double current value of C element
C word C200 ~ C255 9700 ~ 9811 03, 16 (WORD)
Note:
The protocol address is the address used on data transfer and corresponds with the logic address of Modicon data. The protocol
address starts from 0 and the logic address of Modicon data begins with 1, that is, protocol address + 1 = logic address of Modicon
data. For example, if MO protocol address is 2000, and its corresponding logic address of Modicon data will be 0:2001. In practice,
the read and write of MO is completed through the protocol address, e.g.: read MO element frame (sent from the master station):
01 01 07 DO 00 01 FD 47
L CRC check code
Number of elements to read
Starting address. The decimal value of 07DO0 is 2000
Function code
Station No.

10.4.7 Modbus Slave

Modbus slave responds to the master station according to the received message of local address, rather than sending
out message actively. The slave only supports Modbus function codes 01, 02, 03, 05, 06, 08, 15 and 16. The other
codes are illegal function codes (except broadcast frame).
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10.4.8 Reading & Writing Elements

All the function codes supported by IVC2, except 08 are used for read and write of the element. In principle, in one
frame, there are 2000 bits and 125 words for reading, 1968 bits and 120 words for writing at most. However, the
actual protocol addresses for elements of different types are different and discontinuous (e.g.: Y377's protocol address
is 255, X0’s protocol address is 1200). Therefore, when reading or writing an element, the element read for one time
can only be the same type, and the maximum number of the read elements depends on the elements of this type that
are actually defined. For example, when reading element Y (YO — Y377, 256 points in total), the protocol address
ranges from 0 to 255, the corresponding logic address of Modicon data is from 1 to 256, and the maximum number of
elements Y that can be read is 256.

The examples are as follows:

1. XMT from master station: 01 01 00 00 01 00 3D 9A
01 — address; 01- function code; 00 00 — starting address; 01 00 — number of elements to read; 3D 9A — check
Response of slave station: provide correct response

2. XMT from master station; 01 01 00 00 01 01 FC 5A

The starting address for the reading of master station is 0000. 01 01 (257) elements are read, which is beyond the
defined number of elements Y.

Response of slave station: 01 81 03 00 51

The data from the slave station response is illegal, because 257>256, and 256 is the allowed maximum number of
elements Y.

3. XMT from master station:01 01 00 64 00 A0 7D AD
The starting address for the reading of master station: 0064 (decimal 100)
Number of elements read: 00 AO (decimal 160)
Slave station response: 01 81 02 C1 91

The slave station responds with illegal data address, because there are only 156 elements Y starting with the
protocol address 100, but 160>156, 160 is illegal.

4. XMT from master station: 01 04 00 02 00 OA D1 CD
The frame of XMT function code 04 of master station
Response of slave station: 01 84 01 82 CO
The slave station responds with illegal function code. 04 is not supported by IVC2.

& Note

1. Element X does not support write operation (that is, the write of element X is invalid). For the writable properties of elements
SM and SD, refer to Appendix 1 ~ Special Auxiliary Relay and Appendix 2 Special Data Register (if the element is un-writable,
the write operation is invalid).

2. The address of the slave station is 01, the last two bytes are CRC check code and the second byte is function code.

10.4.9 Handle Of Double Word

The current count value of C element is word or double word. The value from C200 to C255 are double words, which
are read and written through the function code (03, 16) of the register. Every two registers correspond to a C double
word. Only the pair can be read and written from/into register upon reading or writing.

For example, read the RTU frame of three C double word elements from C200 to C202:

01 03 25 E4 00 06 8E F3

L CRC check code

Number of elements to read: 6

Starting address 9700
Function code
Station No.
In the returned data, 9700 and 9701 are two addresses for the content of C200. 9700 is the high 16 bits and 9701 is
the low 16 bits.
When reading the double word, if the starting address read is not even number, then the system will respond with error
code of illegal address; if the read number of registers is not an even number, the system will respond with error code
of illegal data.

For example:
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XTM from master station: 01

03 25 E5 00 04 5E F2

The starting address for the reading of master station : 4 word elements of 25 E5 (decimal 9701,)

Response of slave station: 01

Response of slave station: illegal data address

XTM from slave station: 01

83 02 CO F1

03 25 E4 00 05 CE F2

The starting address for master station read: 5 word elements of 25 E5

Response of slave station: 01 83 03 01 31

The data sent back from slave station is illegal.

10.4.10 Handle Of LONG INT

A LONG INT data can be saved in two D elements. For example, if a LONG INT data is saved in D3 and D4 of IVC
series PLC, the high 16 bits will be stored in D3 and the low 16 bits will be stored in D4. This is also true when the
master station reads LONG INT data through Modbus and reorganize the data into 32 bits.

The storage principle for FLOAT is the same as the storage principle for LONG INT data.

10.4.11 Diagnostic Function Code

Diagnostic function code is used for test the communication between the master station and slave station, or the
internal error of the slave station. The supported diagnostic sub-function codes are as follows:

Function | Sub-function Name of sub-function code Function | Sub-function Name of sub-function code
code code code code
08 00 Return query data 08 12 Return bus communication error
count
08 01 Restart communication option 08 13 Return bus exceptional error count
08 04 Forced listen only mode 08 14 Return slave message count
08 10 Clear the counter 08 15 Return salve no response count
08 11 Return bus message count 08 18 Return bus character overrun count

10.4.12 Error Code

For the XMT of master station, the slave station returns data or statistic value in the data field under the normal
response status. But in the abnormal response status, the server will return error code in the data field. Refer to the
following table for error codes:

Error code Meaning of error code
0x01 illegal function code
0x02 illegal register address
0x03 illegal data

In addition, if the slave station receives data under the following situations, no message will be returned:

1) Error in broadcast frame, e.g. data error, address error;

2) Characters overrun, e.g. RTU frame over 256 bytes;

3) Under RTU transfer mode, interval between two characters time out, which is the same as receiving error frame,
and no message will be returned;

4) Listen-only mode of slave station;

5) The slave station received ASCII error frame, including frame tail error, character range error.

Note

Read station is equipped with compulsory element. What is read is the value run by the program, which may be inconsistent with
the compulsory value.
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10.4.13 Modbus Parameter Setting

Set communication port in system block

There are two serial ports (serial port 0 and 1) on the communication port interface. Communication port 0 only
supports Modbus slave station, while communication port 1 supports both master and slave stations.

Set Modbus communication parameters

There is a button of default value on Modbus operand interface. The default value is the communication setting
recommended by Modbus communication protocol. For the parameter setting items, refer to Table XX.

Item Setting
Station No. 0to 31
Baud rate 38400, 19200, 9600, 4800, 2400, 1200
Data bit set to 7 or 8 bits; 7 for ASCII mode, 8 for RTU mode
Parity check bit set to no check, odd check and even check
Stop bit set to 1 or 2; set to 1 for odd or even check; set to 2 for no check status

It can be set to master or slave station; communication port 1 can be set to master/slave station,

Modbus master/slave
communiation port 0 can only be set to slave station

transfer mode Select RTU mode or ASCII mode

main mode timeout The time for waiting the slave response by master is over the set value.

Note: After the operand is set and downloaded in the system block, it will be valid only after one operation.

10.4.14 Modbus Instruction

When PLC is used as Modbus master station, the Modbus data frame can be sent/received through Modbus
instruction provided by system. For the detailed use of Modbus instruction, referto 6.12.17 Modbus: Modbus Master
Station Communication Instruction.

If PLC is set to master station, there is a timeout item in main mode when setting Modbus parameter in the system
block. To ensure the correctness of the received data, the timeout period shall be longer than a scan cycle of Modbus
slave station and with reasonable margin. For example, if IVC2 is the slave station and a scan cycle of IVC2 is 300ms,
the main mode timeout of the master station shall be over 300ms. It is proper to set the timeout to 350ms.
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Application program

Example 1: When IVC2 PLC is Modbus master station as well as slave station, read bit status of No.5 station. The
protocol address of slave station read by master station is the bit value ranging from 11 to 39. Assuming that the read
data are as follows, the storage location for the received data starts from D100, save the address to D100, function
code to D101 and number of registers in D102. Save the read bit value in the units beginning with D103.

42 41 40 39 38 37 36 35 34 33 32 31 30 29 28 27

X X X 0 0 1 1 0 0 0 0 1 0 1 1 0

D106 D105

26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11

1 1 0 0 0 1 1 0 1 1 1 0 0 0 0 1

D104 D103

If the read number of the registers is not the times of 8, add 0 to the high bits. In the above example, it has added 0 to 3
high bits (40, 41 and 42) in D106.

n
|} [ mvy & oo ]
i MOV 1 m ]
r my 0 i ]
1. Designate 5 as the address of the slave station
f Mov 1 03 ] to be accessed (save to DO).
2. Designate 1 as the function code (save to D1).
f M¥ 0 D4 1 3. The address of the register to be read is 11
(Save to D2/D3 according to high and low bytes).
L Moy 29 = ] 4. The number of registers to be read is 29 (Save to
D4/D5 according to high bits and low bits).
I EST SM135 ] 5. The received data is saved to D100.
6. If the receive is completed (set SM135 ), add 1 to
I B=T SML36E 1 D200.
7. If the communication fails (set SM136), add 1 to
GM1Z4 —— - _— D201 and save the error code to D202.
[ ] 8. SM124 is the idle flag of the communication port.
SM135
| — IR  TZo0 ]
SM136
— IHC D201 1
Moy 50139 nzoz ]
Note

1. When logic address is used for addressing the bit element of IVC2 PLC, the logic address 1 is the protocol address 0. In the
above example, reading the value of 11 ~ 39 bits (protocol address) in the slave station, the logic address shall start from 12.

2. The failure of this communication will not affect the next communication, that is, if there are two Modbus XMT instructions in
one user program, the first communication fails and has error code, it will not influence the data sending of the second Modbus
instruction. Thus, in the example, we placed the error code of SD139 in D202, which can be observed through D202.

3. For the message sending of the slave station, if the master station is in listen-only mode, there will be no data to be returned
and the system will display error flag. Therefore, when using Modbus of IVC2, if IVC2 is the master station, the user shall
clearly know which PLC slave station is under listen-only mode, so as to ensure that the failure of the communication is not
caused by the listen-only mode of the slave station.
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Example 2: IVC2 is the Modbus master station, the slave station is also an IVC2 basic module. Read the status of bit
elements (protocol address: 2000 ~ 2017) in No.5 station.
The read data are as follows:

® The received frame starts from D100.

® D100 is for saving address

® D101 is for saving function code

® D102 is for saving the number of registers

® Units beginning with D103 are for saving the read value of bit element

M1
| — mov S il ]
o mov 1 il ]
MOV 18#T nz 1 1. The program has designated 5 as the address
of the slave station to be accessed (save to DO0).
o MoV 16#0 03 ] 2. The program has designated 1 as function
code (save to D1).
oMoy o T4 ] 3. The starting address of the register to be
read is 07D0 (hexadecimal, save to D2/D3
o mov 18 IS5 ] according to high b|t§ and low bits). ‘
4. The number of registers to be read is 18 (Save
BST ——_— to D4/D5 according to high bits and low bits).
i ] 5. The received data is saved to D100.
6. If the receive is completed (set SM135), add 1
I  E=ST SM156 ] to D200.
M1z 7. If the communication fails (set SM136), add 1
L—| ——{ MODEUS 1 oo D100 ] to D201 and save the error code to D202.
M 8. SM124 is the idle flag of the communication
— | ——{ IHC D200 ] port.
SM136
— IKC 0Zz01 ]
Moy Sh1s3 nzoz 1
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10.5

10.5.1

Example 3: IVC2 is the Modbus master station as well as the slave station. Read the status of the bit element with the
protocol address ranging from 40 to 43 of No.5 station.

The read data are as follows:

The received frame starts from D100.

D100 is for saving address

D101 is for saving function code

D102 is for saving the number of registers

Units beginning with D103 are for saving the read value of bit element

40 element 40 element 41 element 41 element 42 element 42 element 43 element 43 element
high bits low bits high bits low bits high bits low bits high bits LSB
D103 D104 D105 D106 D107 D108 D109 D110
M1
| [ mov S il ]
i MoV 3 o 1
r mov o Iz ]
1. The program has designated 5 as the address of
o omov 40 I3 ] the slave station to be accessed (save to DO).
2. The program has designated 3 as function code
r oy 0 o4 1 (save to D1.). . .
3. The starting address of the register to be read is 40
(save to D2/D3 according to high bits and low bits).
(L 4 5 ] 4. The number of registers to be read is 4 (Save to
D4/D5 according to high bits and low bits).
{ BT SMI3S 1 5. The received data is saved to D100.
6. If the receiving is completed (set SM135 ), add 1 to
I ERST SM136 ] D200.
SM124 7. If the communication fails (set SM136), add 1 to
L }—— MODEUS 1 hiln] o100 ] D201 and save the error code to D202.
—— 8. SM124 is the idle flag of the communication port.
| — INC D200 ]
SMLS6E
—— IHC D201 ]
Moy z0139 nzoz 1

N:N bus Communication Protocol

Introduction

N:N bus is a small PLC network developed by Invt Auto-Control Technology Co., Ltd. The physical layer of N:N bus
uses RS-485, so the PLC can be directly connected through communication port 1 or connected through
communication port 0 by RS-232/RS-485 converter. The connected PLC of N:N bus can automatically exchange the
values between D elements and M elements , which makes the access to the other PLC elements on the network as
convenient as accessing its own element. In N:N bus, the data access between PLCs is completely equivalent (N:N
communication network).

It is convenient to configure N:N bus. Most parameters of N:N bus only need to be configured on No.0 PLC. In addition,
N:N bus supports online modification of the network parameters, and is able to detect the newly added PLC
automatically. If any PLC is disconnected from the network, the other PLCs will continue to exchange the data. It is
also able to monitor the communication status of the whole network through the relevant SM element of any PLC in
N:N bus.
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10.5.2 N:N bus Network Structure

N:N bus supports two kinds of network: single-layer network and multiple-layer network (as shown in the following
figures):

ool 1 il ] | ey 1 _TE
Tm i i e s —

RS 485

i =

RS 485

= (Connecting node)

-

RS 485

Figure 10-2 N:N bus multiple-layer network

In the single-layer network, each PLC only connects to N:N bus through 1 communication port. In the multiple-layer
network, the layer-to-layer PLC (intermediate node) shall be connected, and the two communication ports of PLC shall
be connected to different layers. The single-layer network can support up to 32 PLCs , while each layer of
multiple-layer network can support 16 PLCs at most.

10.5.3 N:N bus Refresh Mode

The PLCs connected to N:N bus can automatically realize the exchange between parts of D elements and M elements
in the network. The quantity and numbering of elements D and M are fixed, and the elements are called “Elements
Sharing Area”. If PLC uses N:N bus, the value of the Elements Sharing Area will keep refreshing automatically, so as
to keep the value consistency of the Elements Sharing Area for each PLC in the network.

AR TR, @R, . T,

0#SND area (W Q.— O0#RCV area (R 0# RCV area (R 0#RCV area (R)
1#RCV area (R) 1#RCV area (R 1#RCV area (R)
2#RCV area (R) 2#RcV area (R)

L

]

% 3#RCV area (R)
L [

[ ]

3#RCV area (R)
4#RCV area (R)

#ReV area (R)
5#RCV area (R) 5# RCV area (R Note:
6#RCV area (R) 6# RCV area (R SND area: sending area

RCV area: receiving area
T#RCV area (R) y 7#SND area (W W: write 9
‘- R: read

5#RCV area (R
6# RCV area (R)

7#RCV area (R)-—>

As shown in the above figure, each PLC with N:N bus connected has a writable sending area in the Elements Sharing
Area. N:N bus will automatically send the information (values of designated elements D and M) of the writable sending
area to other PLCs, receive the information from other PLCs and save it to the read-only sending area.

The element number in the Elements Sharing Area is fixed (64 D elements and 512 M elements can be shared) and
these elements are distributed to more than one PLC. Therefore, the less PLCs are connected to the network, the
more elements can be distributed to each PLC. The relationship is defined by N:N bus refresh mode:
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Distribution of D element on N:N bus single-layer network:

Distribution of D element

in sending area Mode 1 Mode 2 Mode 3 Mode 4 Mode 5
D7700 to D7701 #0 40

D7702 to D7703 #1 40

D7704 to D7705 #2

D7706 to D7707 #3 #

D7708 to D7709 #4 #0
D7710 to D7711 #5 #2

D7712 to D7713 #6 #

D7714 to D7715 #7 3

D7716 to D7717 #8 #0
D7718 to D7719 #9 #a

D7720 to D7721 #10 #2

D7722 to D7723 #11 #

D7724 to D7725 #12 46 #
D7726 to D7727 #13 43

D7728 to D7729 #14 47

D7730 to D7731 #15

D7732 to D7733 #16 48

D7734 to D7735 #17 44

D7736 to D7737 #18 49

D7738 to D7739 #19 ”
D7740 to D7741 #20 #10

D7742 to D7743 #21 45

D7744 to D7745 #22 #11

D7746 to D7747 #23 #1
D7748 to D7749 #24 #12

D7750 to D7751 #25 46

D7752 to D7753 #26 #13

D7754 to D7755 #27 43
D7756 to D7757 #28 #14

D7758 to D7759 #29 47

D7760 to D7761 #30 #15

D7762 to D7763 #31

Explanation:
1) In mode 1, the D elements distributed to the sending area by 0# station are D7700 and D7701. D7700 and
D7701 can be written by the PLC of 0# station, and directly read by other stations (1#--31#).

2) In mode 2, the D elements distributed to the sending area by 0# station are D7700, D7701, D7701 and D7703.

The elements can be written by the PLC of 0# station and directly read by other stations (1#--15#).
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Distribution of M element on N:N bus single-layer network:

D'St”i:”st:’: d‘i’:gMaiZme”t Mode 1 Mode 2 Mode 3 Mode 4 Mode 5
M1400 to M1415 #0 40
M1416 to M1431 # 0
M1432 to M1447 2
M1448 to M1463 #3 #
M1464 to M1479 # #0
M1480 to M1495 #5 #2
M1496 to M1511 #6 # #0
M1512 to M1527 # i
M1528 to M1543 #8
M1544 to M1559 #9 #
M1560 to M1575 #10 #2
M1576 to M1591 1 # "
M1592 to M1607 #12 "
M1608 to M1623 #13 " o
M1624 to M1639 #1a -
M1640 to M1655 #15
M1656 to M1671 #16 ”
M1672 to M1687 #7 "
M1688 to M1703 #18 o
M1704 to M1719 #19 ”
M1720 to M1735 #20 1o
M1736 to M1751 #21 v
M1752 to M1767 #22 "
M1768 to M1783 #23 "
M1784 to M1799 #24 1o
M1800 to M1815 #25 "
M1816 to M1831 #26 13
M1832 to M1847 #27 "
M1848 to M1863 #28 s
M1864 to M1879 #29 .
M1880 to M1895 #30 ”
M1896 to M1911 #31

Explanation:
1) In mode 1, the M elements distributed to the sending area by 0# station range from M1400 to M1415. The
elements can be written by the PLC of 0# station and directly read by other stations (1#--31#).
2) In mode 2, the M elements distributed to the sending area by 0# station range from M1400 to M1431. The
elements can be written by the PLC of 0# station and directly read by other stations (1#--31#).
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Distribution of D element on N:N bus multiple-layer network (layer 0):

D'St”b“st:;” di‘:gDaf:"e”t n Mode 6 Mode 7 Mode 8 Mode 9
D7700 to D7701 #0 ”
D7702 to D7703 # 4o
D7704 to D7705 2
D7706 to D7707 #3 #
D7708 to D7709 #a #0
D7710 to D7711 #5 #2
D7712 to D7713 #6 #
D7714 to D7715 7 "
D7716 to D7717 #8
D7718 to D7719 #9 #
D7720 to D7721 #10 #2
D7722 to D7723 #11 #
D7724 to D7725 #12 ” #
D7726 to D7727 #13 s
D7728 to D7729 #a -
D7730 to D7731 #15

Explanation:

In mode 6, D7700 and D7701 are distributed to the sending area by 0# station (layer 0). They can be written by the

PLC of O# station and directly read by the other stations (1#--15%#).

Distribution of D element on N:N bus multiple-layer network (layer 1):

Distribution of D element in Mode 10 Mode 11 Mode 12 Mode 13
sending area
D7732 to D7733 #0
D7734 to D7735 # #0
D7736 to D7737 #2 " #0
D7738 to D7739 #3 0
D7740 to D7741 #4 o
D7742 to D7743 #5 »
D7744 to D7745 #6
D7746 to D7747 H s
D7748 to D7749 #3
D7750 to D7751 #9 #a 4o
D7752 to D7753 #10
D7754 to D7755 #11 # .
D7756 to D7757 #12
D7758 to D7759 #13 # 43
D7760 to D7761 #a -
D7762 to D7763 #15

Explanation:

In mode 10, D7732 and D7733 are distributed to the sending area by 0# station (layer 0). They can be written by

the PLC of O# station and directly read by the other stations (1#--15#).
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Distribution of M element on N:N bus multiple-layer network (layer 0):

D'St”bust:: d?r:gMai:me”t n Mode 6 Mode 7 Mode 8 Mode 9
M1400 to M1415 #0 0
M1416 to M1431 # "
M1432 to M1447 2
M1448 to M1463 #3 #
M1464 to M1479 # #0
M1480 to M1495 #5 #2
M1496 to M1511 #6 #
M1512 to M1527 # "
M1528 to M1543 #8
M1544 to M1559 #9 i
M1560 to M1575 #10 #2
M1576 to M1591 1 #
M1592 to M1607 #12 " #
M1608 to M1623 #13 "
M1624 to M1639 #1a o
M1640 to M1655 #15

Explanation:

In mode 6, the M elements distributed to the sending area by 0# station (layer 0) range from M1400 to M1415. The
elements can be written by the PLC of O# station and directly read by other stations (1#--15#).

Distribution of M element on N:N bus multiple-layer network (layer 1):

Distribution of M element Mode 10 Mode 11 Mode 12 Mode 13
in sending area
M1656 to M1671 #0 o0
M1672 to M1687 #
M1688 to M1703 #2 " #0
M1704 to M1719 #3
M1720 to M1735 #4 " #0
M1736 to M1751 #5 »
M1752 to M1767 #6
M1768 to M1783 # "
M1784 to M1799 #3
M1800 to M1815 #9 # »
M1816 to M1831 #10 "
M1832 to M1847 #1 "
M1848 to M1863 #12 ”
M1864 to M1879 #13 "
M1880 to M1895 #a .
M1896 to M1911 #15

Explanation:

In mode 10, the M elements distributed to the sending area by 0# station (layer 1) range from M1656 to M1671.
The elements can be written by the PLC of 0# station and directly read by other stations (1#--15#).

& Note:

Once PLC is configured with N:N bus communication protocol, D7700 ~ D7763 and M1400 ~ M1911 will become the public
resource for data exchange on the network. Please pay attention to these elements when using them in the program!
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10.5.4 N:N bus Parameter Setting

Select Communication Port in the System block dialogue box, and select N:N bus protocol in the port 0 or port 1
setting area to enable the N:N bus setting button as follows:
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Click the N:N bus setting button to enter the N:N bus protocol setting dialogue box as shown below:

As shown in the preceding figure, the N:N bus parameters are set through the system block. The Station no. shall
begin with 0#. Several PLCs cannot share the same station number. 0# station is used for starting and setting the
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whole network. The setting of Max number of sites, Additional delay time, Retry times and Mode can be realized
through 0# station. For the stations with other station numbers, except that the Baud rate and Parity check shall be

consistent with those of 0# station, they only need to set their own Station no., as shown in the following figure:
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10.5.5
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The Max number of sites refers to the total number of PLCs used in the network. If 6 PLCs are used in total, the value
shall be set to 6 and the station number of the 6 PLCs ranges from 0 to 5. If you want to add another two PLCs to the
network later without any interruption of the network, you can set the Max number of sites to 8. The numbers of the
newly added PLCs are 6# and 7#. When 6# and 7# are connected to the network, they will be automatically detected
by N:N bus within one second and included into the data exchange with O#-5#.

Example

There are 5 PLCs in total and the station numbers range from 0# to 4# . Select 3 for the refresh mode. If you want to
save the sum of D100 in 0# PLC and D305 in 2# PLC to the D500 of 4 # PLC, you can program as follows:

Programming 0#: MOV D100 D7700
Programming 2#: MOV D305 D7716
Programming 4#: ADD D7700 D7716 D500

Explanation: The example shows the N:N bus single-layer network. There are 5 PLC stations on the network and the
refresh mode is set to 3. Each station can be distributed with 8 D elements and 64 M elements. The D elements
distributed to 0# station range from D7700 to D7707, the ones to 2# station range from D7716 to D7723 and the ones
to 4# station range from D7732 to D7739. Save the D100 value of 0# station to the public area D7700 distributed by
the network, D305 value of 2# station to the public area D7716 distributed by the network. Execute sum operation of
D7700 and D7716 in 4#PLC and save the sum to the local element D500.
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Appendix 1 Special Auxiliary Relay

All the special auxiliary relays are initialized when the PLC changes from STOP to RUN. Those that have been set in
system setting will be set to the preset value after that initialization.

[

The reserved SD and SM elements are not listed in the table. The reserved SM elements are by default read only (R).

Note

1. PLC Work State Flag

Addr. Name Action and function R/W | IVC2 | IVC1
SMO | Monitoring run bit | This bit is high in the RUN state, and low in the STOP state R N N
SM1 | Initial run pulse bit This bit is set high when PLC changes form STOP to RUN, and set low after a R J J
scan cycle
SM2 | Power on flag bit | This bit is set high after system power-on, and set low after a scan cycle R N N
This bit is set when system error occurs after power-on or after PLC changes from
SM3 | Syst R \ v
ystem error STOP to RUN, or reset if no system error occurs
SMa Battery voltage This bit is set when the battery voltage is too low, or reset if the battery voltage is R J
low detected higher than 2.4V
SM5 AC power failure | This bit is set when PLC detects AC power off (detecting time 40ms). If the power R J J
detection bit is on after the delay of power off detecting time (set in SD05), the bit will be reset
SM6 24Vdc power This bit is set when PLC detects the 24Vdc power failure (detecting time 50ms). If R J J
failure within the following 50ms the power is detected to be back, this bit will be reset
No battery work If this bit is set as 1 (configurable only through system block), the Bat.tery-backed
SM7 mode data lost error (code: 43) and the Forced-table lost error (code: 44) will not be R S
reported upon system battery failure
SMs Constant scan Set this bit, and the scan time will be constant (configurable only through system R J N
mode block)
SM9 Input point startup | Set this bit, and the PLC can change from STOP to ON when the designated X R J N
mode input point is ON (configurable only through system block)
2. Clock Running Bit
Addr. Name Action and function R/W | IVC2 | IVC1
sM10 | 10ms clock Crystal oscillation (period: 10ms). Reverse every half period. The first half period is R J N
0 when the user program starts
sM11 | 100ms clock 9rysta| oscillation (period: 100ms). Reverse every half period. The first half period R J N
is 0 when the user program starts
sM12 | 1s clock Crystal oscillation (period: 1s). Reverse every half period. The first half period is 0 R J N
when the user program starts
sM13 | 1min clock Crystal oscillation (period: 1min). Reverse every half period. The first half period is 0 R J J
when the user program starts
| oscillati iod: 1 hour). R half period. The first half period i
sM14 | 1hour clock Crystal oscillation (period our). Reverse every half period. The first half period is R J J
0 when the user program starts
SM15 Scan cycle This bit reverses once every scan cycle (The first period is 0 when the user program R J J
oscillation bit starts)
3. User Program Execution Error
Addr. Name Action and function R/W | IVC2 | IVC1
SM20 Instruction execution This bit is set upon instruction execution error. Ths corresponding error type R J J
error code is written into SD20. This bit is cleared after the execution succeeds
Instruction register
ruct g|. This bit is set upon instruction execution error. The corresponding error type
SM21 | number subscript T R N S
code is written into SD20
overflow
SM22 Instruction parameter | This bit is set upon instruction execution error. The corresponding error type R J J
illegal code is written into SD20. This bit is cleared after the execution succeeds
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4. Interrupt Control

Addr. Name Action and function R/W | IVC2 | IVC1
SM40 | X0 input rising/falling edge interrupt enabling flag bit Enable when set as 1 R/W N N
SM41 | X1 input rising/falling edge interrupt enabling flag bit Enable when set as 1 R/W N N
SM42 | X2 input rising/falling edge interrupt enabling flag bit Enable when set as 1 R/W N N
SM43 | X3 input rising/falling edge interrupt enabling flag bit Enable when set as 1 R/W N N
SM44 | X4 input rising/falling edge interrupt enabling flag bit Enable when set as 1 R/W N N
SM45 | X5 input rising/falling edge interrupt enabling flag bit Enable when set as 1 R/W N N
SM46 | X6 input rising/falling edge interrupt enabling flag bit Enable when set as 1 R/W N N
SM47 | X7 input rising/falling edge interrupt enabling flag bit Enable when set as 1 R/W N N
SM48 | COM 0 character transmission interrupt enabling flag bit | Enable when set as 1 R/W N
SM49 | COM 0 character reception interrupt enabling flag bit Enable when set as 1 R/W N
SM50 | COM 0 frame transmission interrupt enabling flag bit Enable when set as 1 R/W N
SM51 | COM 0 frame reception interrupt enabling flag bit Enable when set as 1 R/W N
SM52 | COM 1 character transmission interrupt enabling flag bit | Enable when set as 1 R/W N
SM53 | COM 1 character reception interrupt enabling flag bit Enable when set as 1 R/W N
SM54 | COM 1 frame transmission interrupt enabling flag bit Enable when set as 1 R/W N
SM55 | COM 1 frame reception interrupt enabling flag bit Enable when set as 1 R/W N
SM56 | Power failure interrupt Enable when set as 1 R/W N
SM63 | PTO (YO) output finish interrupt enable flag bit Enable when set as 1 R/W N
SM64 | PTO (Y1) output finish interrupt enable flag bit Enable when set as 1 R/W N
SM65 | High speed counter interrupt enabling flag bit Enable when set as 1 R/W N N
SM66 | Timed interrupt 0 enabling flag bit Enable when set as 1 R/W N N
SM67 | Timed interrupt 1 enabling flag bit Enable when set as 1 R/W N N
SM68 | Timed interrupt 2 enabling flag bit Enable when set as 1 R/W N N
5. High Speed Pulse Output Control
Addr. Name Function R/W | IVC2 | IVC1
SM80 | YO high speed pulse output control | YO high speed pulse output stop instruction R/W N N
SM81 | Y1 high speed pulse output control | Y1 high speed pulse output stop instruction R/W N N
SM82 | YO high speed pulse output monitor | YO high speed pulse output mointor (ON: busy. OFF: ready) R N N
SM83 | Y1 high speed pulse output monitor | Y1 high speed pulse output mointor (ON: busy. OFF: ready) R N N
SM85 | Reset function valid Output of CLR signal for ZRN instruction enabled R/W N
6. Pulse Capture Monitoring Bit
Addr. Name Function R/W | IVC2 | IVC1
SM90 | Input X0 pulse capture monitoring bit Capture rising edge pulse at input X0 R/W N N
SM91 | Input X1 pulse capture monitoring bit Capture rising edge pulse at input X1 R/W N N
SM92 | Input X2 pulse capture monitoring bit Capture rising edge pulse at input X2 R/W N N
SM93 | Input X3 pulse capture monitoring bit Capture rising edge pulse at input X3 R/W N N
SM94 | Input X4 pulse capture monitoring bit Capture rising edge pulse at input X4 R/W N N
SM95 | Input X5 pulse capture monitoring bit Capture rising edge pulse at input X5 R/W N N
SM96 | Input X6 pulse capture monitoring bit Capture rising edge pulse at input X6 R/W N N
SM97 | Input X7 pulse capture monitoring bit Capture rising edge pulse at input X7 R/W N N
Note:
1. All the elements in this table are cleared when the PLC changes from STOP to RUN. The pulse capture will fail when the HSNT or
SPD instruction is being executed at the same input point. For details, see 6.70.8 SPD: Pulse Detection Instruction and 6.70.1
HCNT: High-speed Counter Drive Instruction.
2. For hardware counters, the total pulse frequency input through X0 ~ X7 (using pulse capture, SPD instruction or HCNT
instructions, but not high speed compare instructions) is <80k. For software counters, that frequency (using instructions DHSCS,
DHSCI, DHSZ, DHSP or DHST for driven high speed counters) is <30k.
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7. Free Port (Port 0)

Addr. Name Action and function R/W IVC2 IVCA1
This bit is set when XMT instruction is used, and is cleared
SM110 Port 0 transmission after the transmission is over. You can manually clear this bit RIW N J
enabling flag bit to halt the current transmission at Port 0. The transmission can
resume when power flow is on again
This bit is set when RCV instruction is used, and is cleared
SM111 Port 0 reception after the transmission is over. You can manually clear this bit RIW J N
enabling flag bit to halt the current transmission at Port 0. The transmission can
resume when power flow is on again
SM112 Port 0 transmls§|on This bit is set after the transmission is over RW v v
complete flag bit
Port O reception o L
SM113 ) This bit is set after the reception is over R/W v v
complete flag bit
SM114 | Port 0 idle flag bit This bit is set when the port is idle R N N
[BA Note

SM112 ~ SM114 are the flags for the reception, complete and idle states in all communication protocols that are supported by
PORT 0. For example, the PORT 0 of IVC1 PLC supports N:N bus, Modbus and Freeport. No matter which protocol is used, the
functions of SM112 ~ SM114 remain the same.

8. Free Port (Port 1)

Addr. Name Action and function R/W IVC2 IVC1
This bit is set when XMT instruction is used, and is cleared after
SM120 Port 1. transmis.sion the transmission is. O\I/er. You can manually cle.ar.this bit to halt RIW J J
enabling flag bit the current transmission at Port 1. The transmission can
resume when power flow is on again
This bit is set when RCV instruction is used, and is cleared after
SM121 Port 1. receptio.n the transmission is. oYer. You can manually clelar.this bit to halt RIW J J
enabling flag bit the current transmission at Port 1. The transmission can
resume when power flow is on again
Port 1 t issi
SM122 © ransmls?:lon This bit is set after the transmission is over R/W \ <
complete flag bit
Port 1 reception o L
SM123 ) This bit is set after the reception is over R/W S \/
complete flag bit
SM124 | Port 1 idle flag bit This bit is set when the port is idle R N N
Note

SM122 ~ SM124 are the flags for the reception, complete and idle states in all communication protocols that are supported by
Port 1 . For example, the Port 1 of IVC1 PLC supports N:N bus, Modbus and Freeport. No matter which protocol is used, the
functions of SM122 ~ SM124 remain the same.

9. Modbus Communication

Addr. Name Action and function R/W IVC2 IVCA
Modbus communication
SM135 . unicat This bit is set after the communication is over R/W N S
complete
SM136 | Modbus communication error | This bit is set upon communication error R/W N R
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10.

11.

N:N bus Communication

Addr. Name Action and function R/W IVC2 1VC1
SM140 Station 0 communication error flag R N
SM141 Station 1 communication error flag R N
SM142 Station 2 communication error flag R N
SM143 Station 3 communication error flag R N
SM144 Station 4 communication error flag R N
SM145 Station 5 communication error flag R N
SM146 Station 6 communication error flag R N
SM147 Station 7 communication error flag R N
SM148 Station 8 communication error flag R N
SM149 Station 9 communication error flag R N
SM150 Station 10 communication error flag R N
SM151 Station 11 communication error flag R N
SM152 Station 12 communication error flag R N
SM153 Station 13 communication error flag R N
SM154 Station 14 communication error flag R N
SM155 Station 15 communication error flag R N
SM156 Station 16 communication error flag R N
SM157 Station 17 communication error flag R N
SM158 Station 18 communication error flag R N
SM159 Station 19 communication error flag R N
SM160 Station 20 communication error flag R N
SM161 Station 21 communication error flag R N
SM162 Station 22 communication error flag R N
SM163 Station 23 communication error flag R N
SM164 Station 24 communication error flag R N
SM165 Station 25 communication error flag R N
SM166 Station 26 communication error flag R N
SM167 Station 27 communication error flag R N
SM168 Station 28 communication error flag R N
SM169 Station 29 communication error flag R N
SM170 Station 31 communication error flag R N
SM171 Station 32 communication error flag R N
Enabling Flag Of Integrated Analog Channel
Addr. Name Action and function R/W IVC2 IVCA1
Enabling flag of AD . . s

SM172 Sampling at AD channel 0 is enabled when this bit is set to 1 R/W v
channel 0

smi73 | Enapling flag of AD Sampling at AD channel 1 is enabled when this bit is setto 1 | R/MW N
channel 1

SM174 ;I/:éti?igu;f:;:;aoblmg 1 for current input and 0 for voltage input R/W N

SM175 Voltage/current enabling 1 for current input and 0 for voltage input R/W N
flag of AD channel 1

SM178 CE::::Zfoﬂag of DA Output at DA channel 0 is enabled when this bit is set o 1 RIW N
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12. Operation Flag Bit
Addr. Name Action and function R/W IVC2 IVCA1
SM180 | Zero flag bit This bit is set whe!w th.e related calculation result is zero. You RIW J N
can clear or set this bit manually
SM181 | Carryloverflow flag bit This bit is set when the result. of Fhe related calculation is a RIW N J
carry. You can clear or set this bit manually
SM182 | borrow flag bit This bit is set when the result of th.e related calculation is a RIW N J
borrow. You can clear or set this bit manually
SM185 | Table comparison flag This bit is set when the whole table is completed R/W N N
13. ASCII Code Conversion Instruction Flag
Addr. Name Action and function R/W IVC2 IVC1
) ) 0: the most and least significant bytes of every word are stored with one
A
SM186 Sti:ﬂ'”?:gggi; ASCII code RIW \
9 9 1: the least significant byte of every word is stored with one ASCII code
14. System Bus Error Flag
Addr. Name Action and function R/W IVC2 IVC1
The bit, when set 1, would stop the system. You can reset this bit by:
SM190 Basic module . 1. Poweri.ng-on the PLC again R J N
bus error flag bit | 2. Changing PLC status from STOP to RUN
3. Downloading a new program
1. This bit is set and the system raises an alarm when a general
General module )
SM191 bus error flag bit module bus operation error occurs R S v
9 2. This bit is reset automatically when the system error is removed
. 1. This bit is set and the system raises an alarm when a special
Special module .
SM192 bus error flag bit module bus operation error occurs R S N
9 2. This bit is reset automatically when the system error is removed
15. Real-Time Clock Error Flag
Addr. Name Action and function R/W IVC2 IVC1
This bit is set upon real-time clock error
SM193 | R/W of real time clock error | This bit is automatically cleared if system fault is R v S
removed
16. EEPROM Flag
Addr. Name Action and function R/W IVC2 IVC1
SM196 | EEPROM write OK flag This bit is set when EEPROM is not being written R N
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17.

Counting Direction Of Bi-directional Counters

Addr. Counter addr. Function R/W IVC2 IVCA1
SM200 C200 RW N N
SM201 C201 R/W N N
SM202 C202 R/W N N
SM203 C203 R/W N N
SM204 C204 RW N N
SM205 C205 RW N N
SM206 C206 RW N N
SM207 C207 RW N N
SM208 C208 RW N N
SM209 C209 RW N N
SM210 C210 RW N N
SM211 c211 RW N N
SM212 C212 RW N N
SM213 C213 R/W N N
SM214 C214 RW N N
SM215 C215 RW N N
SM216 C216 When SM2 _ _is of high level, the corresponding R/W v v
SM217 c217 C2_ _ becomes a down counter R/W v v
SM218 C218 When SM2 _ _is of low level, the corresponding R/W N N
SM219 C219 C2__ becomes a up counter RW N N
SM220 C220 RW N N
SM221 C221 RW N N
SM222 C222 RW N N
SM223 C223 RW N N
SM224 C224 RW N N
SM225 C225 RW N N
SM226 C226 RW N N
SM227 C227 RW N N
SM228 C228 RW N N
SM229 C229 RW N N
SM230 €230 RIW v v
SM231 C231 RW N N
SM232 C232 RW N N
SM233 C233 R/W N N
SM234 C234 RW N N
SM235 C235 R/W N N
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18. Counting Direction And Monitoring Of High Speed Counter

Type Addr. Name Register content R/W IVC2 IVC1
SM236 C236 R/W N N
) SM237 C237 R/W N N
Sr']”g'e SM238 C238 RIW v v
p' asle SM239 239 The high & low level of SM2 ds to th RIW i i
single e ow level o corresponds to the
n9 SM240 | 240 \gh & low BV — - correspon RIW J N
point counting down & up of the counter respectively
. SM241 C241 R/W N N
counting
. SM242 C242 R/W N N
input
SM243 C243 R/W N N
SM244 C244 RIW J 7
Single SM245 C245 R/W N N
phase SM246 C246 R/W N N
bidirect- | SM247 | C247 RW v v
ional SM248 C248 R/W N
counting When the single phase bi-directional counter and v
input SM249 C249 2-phase counter C2 _ _is in the down counting R/W y \/
SM250 C250 |m0d|.e’ trr:e cqrespondl:g SMZd_ _t:ecomes hlgg. RIW 7 3
AB SNV251 Co51 Sel\\//lez, wi ebn in up cTun I|ng r|~no e, the corresponding RIW N N
ecomes low level
phase SM252 C252 - R/W N N
counting | SM253 C253 R/W N N
input SM254 C254 R/W N J
SM255 C255 R/W N N
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a Note

1. All special data registers except SD50 ~ SD55 will be initialized when the PLC changes from STOP to RUN.
2. The reserved SD and SM elements are not listed in the table. The reserved SD elements are by default read only.

1. PLC Work State Data

Addr. Name Action and function R/W IVC2 IVC1 Range
SD00 | PLC type 20 means IVC2 R N N
SDO1 | Version For example, 100 means V1.00 R N N
SD02 | Capacity of user program | For example, 8 means an 8k step program R N N
SDO03 | System error code Store the code of occured system error R N N
SD04 | Battery voltage For example 36 means 3.6V R N N
. Configurable only through system block. Any

Sett f AC
SD05 cting ol AL power setting smaller than 10ms or bigger than 100ms R N N 10 ~ 100ms

failure detection delay ) .

will be regarded as 10ms or 100ms respectively

SDO7 Number of extension 1/0 R N N

module
SD08 Number of special R N N

module
SDO9 Setting the input points for operation control. Decimal (X0 is displayed as 0; R J J J

X10, 8. Maximum:15). Configurable through system block
SD10 Numb.er of basic module The most s.ign.if.icant byte: input. R N J

1/O points The least significant byte: output
SD11 Number of extension The most significant byte: input. R J J

module I/O points The least significant byte: output
SD12 Number of ba§ic module The most s.ign.if.icant byte: input. R V1.29 J

analog /O points The least significant byte: output

2. Operation Error Code FIFO Area
Addr. Name Action and function R/W IVC2 IVC1 Range
SD20 | Reserved operation error code 0 in the order of arrival. the latest R N N
SD21 | Reserved operation error code 1 f‘n eor T_r orarmval, g ¢ lates R N N
ive operation error codes are
SD22 | Reserved operation error code 2 P R N N
- reserved. SD20 always stores
SD23 | Reserved operation error code 3 R N N
: the latest error codes

SD24 | Reserved operation error code 4 R N N

3. FROM/TO Error

Addr. Name R/W IVC2 | IVC1 Range
Special modules’ numbering is wrong (starting with 0) when using
FROM/TO instruction

SD26 | The I/O chips’ numbering is wrong (starting with 0) when refreshing 1/0 R N N Initial value: 255

SD25 R N N Initial value: 255

IVC Series Small PLC Programming Manual



Appendix 2 Special Data Register 271
4. Scan Time
Addr. Name Action and function R/W IVC2 IVC1 Range
SD30 | Current scan value | Current scan time (unit: ms) R N N
SD31 | Min. scan time Min. scan time (uint: ms) R N N
SD32 | Max. scan time Max. scan time (unit: ms) R N N
Default: Oms. Unit: 1ms. When the constant scan time
is longer than the user monitoring overtime setting,
user program overtime alarm will be raised. When a
SD33 | Constant scan time scan ctycle of user program is longer than.th.e co.nstant R J J 0~
scan time, the cycle constant scan mode is invalid 1000ms
automatically and no alarm will be raised.
SD33 is regarded as 1000ms when it is set bigger than
1000ms (configurable only through the system block)
Default: 100ms. Unit: 1ms. Any setting smaller than
SD34 User program 100 or bigger than 1000 will be regarded as 100 or R J J 100 ~
overtime 1000 respectively. Configurable only through system 1000ms
block
a8 Note

1. The error tolerance of SD30, SD31 and SD32 is 1ms.

2. It is recommended to set the user program overtime (SD34) at least S5ms bigger than the constant scan time (SD33). Otherwise,
due to the influence of system operation and user program, the system is apt to report user program overtime error.

5. Input Filtering Constant Setting

Addr. Name Action and function R/W IVC2 IVC1 Range
SD35 | Input filtering constant Configurable only through system block R N N 0~60
6. High-speed Pulse Output Monitoring
5. SD50..
SD54: the MSB of the total output pulse number at YO and Y1 for PLSY and PLSR instructions.
SD55: the LSB of the total output pulse number at YO and Y1 for PLSY and PLSR instructions.
Addr. Name R/W IVC2 IVC1 | Range
SD50 | Output pulse number at YO for PLSY and PLSR instructions (MSB) R/W N N
SD51 | Output pulse number at YO for PLSY and PLSR instructions (LSB) R/W N N
SD52 | Output pulse number at Y1 for PLSY and PLSR instructions (MSB) R/W N N
SD53 | Output pulse number at Y1 for PLSY and PLSR instructions (LSB) R/W N N
SD54 | Total output pulse number at YO and Y1 for PLSY and PLSR instructions (MSB) R/W N N
SD55 | Total output pulse number at YO and Y1 for PLSY and PLSR instructions (LSB) R/W N N
SD56 Current section of the PLS instruction that outputs YO R N
SD57 Current section of the PLS instruction that outputs Y1 R N
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7. Timed Interrupt Cycle

Addr. Name Register content R/W | IVC2 | IVC1 Range

SD66 | Cycle of timed interrupt 0 Iv?;iin"zeimspzt;'g not ocour when the value is not | oy 1 V|1~ 32767ms
SD67 | Cycle of timed interrupt 1 Iv?;iin"zeir”?)pzt;g not ocour when the value is not | oy 1 V|1~ 32767ms
SD68 | Cycle of timed interrupt 2 Ivnﬁi:]”zeir“?)pzt?"gg not ocourwhen the valueisnot | gy | v | v |1~32767ms

Note:
An error of £1ms may occur when the system processes a user timed interrupt. To ensure the normal operation of the
interrupt, it is recommended to set the cycle of timed interrupts to be bigger or equal to 5ms.

8. Locating Instruction

Addr. Name R/W IVC2 IVCA1 Initial value
SD80 | The current value of YO output locating instruction (MSB) R/W V1.29 N 0
SD81 | The current value of YO output locating instruction (LSB) R/W V1.29 N
SD82 | The current value of Y1 output locating instruction (MSB) R/W V1.29 N 0
SD83 | The current value of Y1 output locating instruction (LSB) R/W V1.29 N
SDs4 Basic frequency of executing of instructions ZRN, DRVI RIW V1.29 N 0
and DRVA
SD85 Highest frequency of executing of instructions ZRN, DRVI RIW V1.29 J
and DRVA (MSB) 100.000
Highest frequency of executing of instructions ZRN, DRVI ’
D R/W V1.2
SD86 and DRVA (LSB) / o v
Acceleration or deceleration time of executing of
Sber instructions ZRN, DRVI and DRVA RIW V129 v 100
SD88 | Envelope rising time (ms) R/W V1.29 N 100
SD89 | Envelope falling time (ms) R/W V1.29 N 100
9. Real-Time Clock
Addr. Name Register content R/W IVC2 IVC1 Range
SD100 Year For real-time clock R N N 2000 ~ 2099
SD101 Month For real-time clock R N N 1 ~ 12 months
SD102 Day For real-time clock R N N 1~ 31 days
SD103 Hour For real-time clock R N N 0 ~ 23 hours
SD104 Minute For real-time clock R N N 0 ~ 59 minutes
SD105 Second For real-time clock R N N 0 ~ 59 seconds
SD106 Week For real-time clock R N N 0 (Sunday) ~ 6 (Saturday)
Note:
You can set these elements only with the TWR instruction or through the host computer
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10. Reception Control And State Of Free Port (Port 0)
Addr. Name Register content R/W | IVC2 | IVC1 Range
b2, b1, b0
000 = 38,400
001 = 19,200
010 = 9,600
SD110.0 ~ SD110.2 port baud rate 011 = 4,800
100 = 2,400
101 =1,200
110=57,600
111=115,200
SD110.3 0 = 1 stop bit
Stop bit 1 = 2 stop bits
. 0 = even parity
SD110.4 parity check 1= odd parity
Free SD110.5 parity check enabling 0 = no check
port 0 1 = check
SD110 rsnt;)tie SD110.6 (I?itz ll))iittsof every character R \/ v
Character data bit .
word 1 =17 bits
SD110.7 1 = start character specified
free-port receiving start mode 0 = start character unspecified
SD110.8 free-port receiving end 1 = end character specified
mode 0 = end character unspecified
SD110.9 1: word overtime enabled
Free-port word overtime enabling 0: word overtime disabled
SD110.10 free-port frame overtime 1 = frame overtime enabled
enabling 0 = frame overtime disabled
SD110.11 Reserved
s 0: word register valid at LSB
:}I?t; 1\/(;'1; the most/least significant 1: word register valid at both MSB and
LSB
SD110.13 ~SD110.15 Reserved
SD111 | Start character R/W N N
SD112 | End character R/W N N
. . . . 1~
SD113 | Word overtime setting Default: Oms (word overtime omitted) R/W \ v 32767ms
. . . . 1~
SD114 | Frame overtime setting Default: Oms (frame overtime omitted) | R/W S v 32767ms
Bit 0: set when receiving ends
Bit 1: set when specified end
character is received
Bit 2: set when max. character number
SD115 | Receiving completion message code is received R \/ N
Bit 3: set upon word overtime
Bit 4: set upon frame overtime
Bit 5: set upon parity check error
Bits 6 ~ 15: reserved
SD116 | Characters currently received R N N
SD117 | Total number of currently received characters R N N
SD118 | Characters currently sent R N
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11. Freeport Reception Control And State (Port 1)

Addr. Name Register content R/W IVC2 IVCA1 Range
b2, b1, b0
000 = 38,400
001 = 19,200
SD120.0 ~ SD120.2 81? _ i:ggg
Port baud rate 100 = 2,400
101 =1,200
110=57,600
111=115,200
. 0 = 1 stop bit
SD120.3 stop bit 1= 2 stop bits
. 0 = even parity
SD120.4 parity check 1= odd parity
SD120.5 parity check 0 = disabled
Free enabling 1 = enabled
port 1 SD120.6 data bit of every Data l?it of every character
SD120 | mode 0: 8-bit character R ~ ~
character .
state 1: 7-bit character
word SD1_2(_)'7 free-port 1: start-character specified
receiving start-character .
0: start-character unspecified
mode
SD1_2(_)'8 free-port 1: end-character specified
receiving end-character e
0: end-character unspecified
mode
SD120.9 free port word 1: word overtime enabled
overtime enabling 0: word overtime disabled
SD120. 10 free port frame 1: frame overtime enabled
overtime enabling 0: frame overtime disabled
SD120.11 Reserved
SD120.12 the mostlleast | 0 Vord register valid at LSB
significant byte valid 1: word register valid at both the
most and LSBs
SD120.13 ~ SD120.15 Reserved
SD121 | Start character R/W N N
SD122 | End character R/W N N
. . Default: Oms (word overtime 0~
SD123 | Word overtime setting omitted) R/W \/ y 32767ms
) ) Default: Oms (frame overtime 0~
SD124 | Frame overtime setting omitted) R/W y y 32767ms
Bit 0: set when receiving ends
Bit 1: set when specified end
character is received
Bit 2: set when max. character
SD125 | Receiving completion message code | number is received R v N
Bit 3: set upon word overtime
Bit 4: set upon frame overtime
Bit 5: set upon parity check error
Bits 6 ~ 15: reserved
SD126 | Characters currently recived R N N
SD127 Total number of currently received R N N
characters
SD128 | Characters currently sent R V1.29 N
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12.

13.

14.

15.

Modbus/N:N bus Setting

Addr. Name R/W IVC2 IVC1 Range
' MOD (1 ~ 32),
SD130 | Local station No. (PORT 0 R/W J
ocal station No. ( ) V EMR (0 ~ 31)
SD131 Max. t|m§9ut time of PORT 0 (post-sending and RIW N
pre-receiving) / N:N bus extra delay
SD132 | PORT O retry times R/W N
SD133 | N:N bus network update mode (PORT 0) R/W N 1~13
' MOD (1 ~ 32),
SD135 | Local station No. (Port 1 R/W J
ocal station No. (Port 1) y EMR (0 ~ 31)
SD136 Max. timeout time of Port 1 (post-sending and pre-receiving) RIW J N
/N:N bus extra delay
SD137 | Port 1 retry times R/W N N 0~100
SD138 | N:N bus network update mode (Port 1) R/W N N 1~13
SD139 | Error code of Modbus master (Port 1) R N N
Setting & Reading Of Integrated Analog Signal Channel
Addr. Name R/W IVC2 IVC1 Range
SD172 Average sample value of AD CHO R N
SD173 Sampling times of AD CHO R/W N 0~ 1000
SD174 Average sample value of AD CH1 R N
SD175 Sampling times of AD CH1 R/W N 0~ 1000
SD178 Output value of DA CHO R/W N
Usage Of DHSP And DHST Instructions
Addr. Name R/W IVC2 IVCA1 Range
SD180 | MSB of DHSP table comparison output data R/W N N
SD181 | LSB of DHSP table comparison output data R/W N N
SD182 | MSB of DHST or DHSP table comparison data R/W N N
SD183 | LSB of DHST or DHSP table comparison data R/W N N
SD184 | Record No. of the table being executed R/W N N
Error Flag
Addr. Name Action and function R/W IVC2 IVCA1
SD191 No. of the module where bus No. of the module where bus operation error R N
error occured occurred
SD192 No. of the special module No. of the special module where bus R N
where bus error occured operation error occured
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Start addr. End addr. Remark
D7940 D7969 Buffer area for transmission of inverter instructions
D7970 D7999 Buffer area for reception of inverter instructions
D7700 D7763 N:N bus network shared area
M1400 M1911 N:N bus network shared area
D6000 D6999 EROMWR instruction operation area
(BA) Note

See the related instruction and function description for the usage of the elements in the preceding table.
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Appendix 4 Modbus Communication Error Code

Error codes

Description

0x01 lllegal functional code

0x02 lllegal register address

0x03 Data number error

0x10 Communication overtime (longer than the preset maximum communication time)

0x11 Data frame reception error

0x12 Parameter error (mode or master/slave parameter setting error)

0x13 Error occurs because the local station number coincides with the instruction-set station number
0x14 Element address overflow (the data received or sent is too much for the stroring area)
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Appendix 5 Inverter Instruction Error Code

Error code Description
0x1 lllegal functional code
0x2 lllegal register address
0x3 Data error (data outside the range)
0x4 Slave operation failure (including the error due to invalid data, although the data is in the range)
0x5 Valid instruction. Processing. Mainly used to save data to EEPROM
0x6 Slave busy. Please try again later. Mainly used to save data to EEPROM
0x18 Information fram error, including information length error and parity check error
0x20 Parameter unchangeable
0x21 Parameter unchangeable during operation (applicable to only EV3100)
0x22 Password protected
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Error code Description Error type Description IVCA1 IVC2
0 No error N N
1~9 Reserved N N

System hardware error

User program stops, and ERR indicator turns on.
10 SRAM error System error To remove this fault, power off the PLC and y
check the hardware

User program stops, and ERR indicator turns on.
11 FLASH error System error To remove this fault, power off the PLC and y
check the hardware

User program stops, and ERR indicator turns on.
12 Communication port error System error To remove this fault, power off the PLC and V
check the hardware

User program stops, and ERR indicator turns on.
13 Real-time clock error System error To remove this fault, power off the PLC and N
check the hardware

User program stops, and ERR indicator turns on.
14 12C error System error To remove this fault, power off the PLC and N
check the hardware

External setting error (20 ~ 23)

User program stops, and ERR indicator turns on.

20 Serious local I/0O error System error To remove this fault, power off the PLC and v
check the hardware
ERR indicator blinks. This alarm is cleared

21 Serious extension |/O error System error ) N
automatically upon the removal of the fault
ERR indicator blinks. This alarm is cleared

22 Serious special module error System error v

automatically upon the removal of the fault

Update error of real-time clock
23 (incorrect time is read during system | System error
update)

ERR indicator blinks. This alarm is cleared N
automatically upon the removal of the fault

ERR indicator blinks. This al is cl d
24 EEPROM write / read operation error System error " .|ca Or DIINKS. This alarm 1S cleare y
automatically upon the removal of the fault

25 Local analog sianal error Svstem error ERR indicator blinks. This alarm is cleared J
9 sig ¥ automatically upon the removal of the fault
System special module configuration ERR indicator blinks. This alarm is cleared

26 System error X N
error automatically upon the removal of the fault

Storage error (40 ~ 45)

User program stops, and ERR indicator turns on.
40 User program file error System error To remove this fault, download new program or N v
format the disk

User program stops, and ERR indicator turns on.
41 System configuration file error System error To remove this fault, download new system v v
configuration files or format the disk

User program stops, and ERR indicator turns on.
42 Data block file error System error To remove this fault, download new data block N N
file or format the disk

User program keeps running ERR indicator
43 Battery-backed data lost System error blinks. To remove this fault, clear the register, or v v
format the disk, or reset

User program keeps running. ERR indicator
44 Forced-table lost System error blinks. To remove this fault, clear the register, or N N
force, or format the disk, or reset

User program keeps running ERR indicator is
45 User information file error System error | off. To remove this fault, download new program | v
and data block files, or format the disk

46 ~ 59 Reserved

IVC Series Small PLC Programming Manual




280

Appendix 6 System Error Code

Error code | Description Error type Description | IVC1 | IvC2

Instruction execution error (60~75)

60 User program compilation error Execution error | User program stops, and ERR indicator turns on. N N

61 User program operation overtime error Execution error | User program stops, and ERR indicator turns on. N N
illegal user program instruction execution

62 errgr prog Execution error | User program stops, and ERR indicator turns on. \/ \/
lllegal el tt f instrucit

63 egal element fype ot Instruction Execution error | User program stops, and ERR indicator turns on. N N
operand

64 lllegal instruction operand value Execution error N N

65 Outside instruction element range Execution error u K ina. ERR indicat N N

66 Subprogram stack overflow Execution error Ser program Keeps runnl.ng, indica c?r N N

- . keeps off. The corresponding error code will be
67 User interrupt request queue overflow Execution error ) N N
- - prompted in SD20
68 lllegal label jump or subprogram call Execution error N N
69 Divided by 0 error Execution error N N
When stack size, or stack elements are smaller
70 Definition error of stack operated Execution error | than zero, or stack element number exceeds the \ \
limit of stack size

71 Reserved N N
Undefined user subprogram or interrupt

72 prog Pt | Execution error \/ \/
subprogram
Using FROM/TO instruciton t

73 sing ro instruciton to access Execution error J
module not existing

74 !/O errqr when using FROM/TO Execution error J
instruction

75 1/0 error when using REF instruction Execution error N N

76 Cannot set real time clock time using Execution error J J
TWR
P ter 3 of PLSR instructi

77 rarameter S o nsfruction Execution error S S
inappropriate under constant scan
BFM unit of ial |

78 unit of accessed special module Execution error J
exceeds range

79 ABS Data Read Timeout Execution error N

80 ABS Data Read and Check Error Execution error N

IVC Series Small PLC Programming Manual




Appendix 7 Modbus Communication Protocol (IVC Series)

281

Modbus Communication Protocol Overview

Appendix 7 Modbus Communication Protocol (IVC Series)

IVC series small PLC has two communication ports: PORT 0 (also the programming port), which supports Modbus
slave station, and Port 1 , which supports Modbus master station and slave station (configurable through ConstrolStar).
Their features include:

1. Using RS485 or RS232 port, with RS-232 3-line system as the physical interface.
2. Supportive of RTU mode and ASCIlI mode, but not of the change of the ASCII ending character.
3. Being the Modbus slave station, the addresses range from 1 to 31.

4. Supportive of broadcast mode. The broadcast is effective for write and sub-function codes of diagnosis.

5. Suppoting baud rates including 38,400 bps, 19,200 bps, 9,600 bps, 4,800 bps, 2,400 bps and 1,200 bps.
(Default: 19200, 8 bits, 1 stop bit, even check)

6.Supportive of data field 2 x 252 bytes (ASIl mode) or 252 bytes (RTU mode).

Supported Modbus Function Code and Element Addressing

The slave station supports function codes 01, 02, 03, 05, 06, 08, 15, 16 (decimal).
Pay attention to the following points during the reading:

Relationship between read-write element function code and the element

Function code Name of function code Modicon data address Type of operational element Remark
01 read coil status 0N°'® Txxxx Y,X,M, SM, S, T,C Bit read

02 read discrete input status 1 Note 2y xx X Bit read

03 read register status 4 N0 3 yxxx Nore 4 D,SD,Z T,C Word read
05 write single coil status 0:xxxx Y,M,SM,S, T,C Word write
06 write single register status 4:XXXX D,SD,zT,C Word write
15 write multiple coils status 0:xxxx Y,M,SM,S, T,C Bit write

16 write multiple registers status | 4:xxxx D,SD,Z T,C Word write
Note:

1. 0 means “coil”.

2. 1 means “discrete input”.
3. 4 means “register”.

4. xxxx means range “1 ~ 9999”. Each type has an independent logic address range of 1 to 9999 (protocol address starts from 0).
5. 0, 1 and 4 do not have the physical meaning and are not involved in actual addressing.
6. Users shall not write X element with function codes 05 and 15; otherwise, the system will not feed back the error information if the
written operand and data are correct, but the system will not perform any operation on the write instruction.

Relationship between PLC Element and Modbus Communication Protocol Address

. Protocol Supported
Element Type Physical element address funcggn code Notes
. YO0 to Y377 output status, element
Y bit (octal code) 256 points in total 0000 ~ 0255 01, 05,15 code: YO ~Y7,Y10 ~Y17
input status, it supports two
X bit X0 to X377 1200 ~ 01455 01, 05, 15 kinds of address, the
(octal code) 256 points in total 0000 ~ 0255 02 element code is same as
above
M bit MO to M1999 2000 ~ 3999 01, 05, 15
SM bit SMO to SM255 4400 ~4655 01, 05, 15
S bit S0 ~ S991 6000 ~ 6991 01, 05, 15
T bit TO ~ T255 8000 ~ 8255 01, 05, 15 status of T element
C bit CO0 ~ C255 9200 ~ 9455 01, 05, 15 status of C element
D word DO ~ D7999 0000 ~ 7999 03, 06, 16
SD word SDO ~ SD255 8000 ~ 8255 03, 06, 16
z word 20 ~Z15 8500 ~ 8515 03, 06, 16
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3.1

Protocol Supported

Notes
address function code

Element Type Physical element

T word TO ~T255 9000 ~ 9255 03, 06, 16 current value of T element

current value of C element

c d CO ~ C199 9500 ~ 9699 | 03, 06, 16
wor PO (WORD)

current value of C element

C Double word | C200 ~ C255 9700 ~ 9811 03, 16 (WORD)

Note:

The protocol address is the address used on data transfer and corresponds with the logic address of Modicon data. The protocol
address starts from 0 and the logic address of Modicon data begins with 1, that is, protocol address + 1 = logic address of Modicon
data. For example, if MO protocol address is 2000, and its corresponding logic address of Modicon data will be 0:2001. In practice,
the read and write of MO is completed through the protocol address, for example: read MO element frame (sent from the master):

01 01 07 DO 00 01 FD 47

L CRC check code

Number of elements to read

Starting address. The decimal value of 07DO0 is 2000
Function code

Station No.

Abnormal response description:

Abnormal code Definition
0x01 lllegal function code

0x02 lllegal register address
0x03 lllegal data

Note the following:

1. Elements X and Y use octal system. There are 256 points in total from X0 to X377, 256 points from YO to Y377, with
the combinations of YO ~ Y7, Y10 ~ Y17 and Y20 ~ Y27. etc.

2. Two addressing methods are available for Element X. One is the protocol address of 1200-1455 with corresponding
function codes of 01, 05 and 15; the other is the protocol address of 0-255 with function code 02.

3. Processing of double-word element: C element is a counter. It has status and current value. C200 ~ C255 are 32-bit
elements, but each C element in the range will get two protocol addresses during the protocol address compiling. For
example: The protocol address of C200 is 9700 ~ 9701. When reading the elements though Modbus, both the starting
protocol address and the number of the read elements shall be even number.

4. For most SM, SD elements, the real value cannot be written through Modbus, but PLC salve station will still return
“OK* to indicate the completion of write operation, which is allowable.

5. In addition, the Modbus communication protocol of IVC2 supports the read and write of double word element, LONG
INT variable and floating point number. In the PLC of IVC2, 32-bit data are stored with high bits at high address. For
example, a 32-bit data is stored in two D elements (D3 and D4), with 16 high bits in D3 and 16 low bits in D4, as shown
in the following figure: (Refer to the description for the specific example)

D3 High
High Low 16-bit
16-bit | 16-bit Low

D4 | 16-bit

32-bit data

Modbus Function Code Description

Read coil status (0x01)

Up to 256 bit-element can be read in IVC series PLC.
1. Request frame

Initial address Number of elements Check cod
Address Function code (01H) | L (CRgCorCI?Rg)

H L H

2. Response frame
If the read address is not the times of 8, the remaining bits will be filled with O (starting with the high bits).
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Address Function code Number of bytes read Read data Read data Check code
(01H) ™ Ned T

No.1 No.n (CRC orLRC

\57\56\55\54\53\52\51\Bo\

3.2 Read discrete input status (0x02)

In the PLC of GCM series, it specially refers to X element. The function code only supports the read function of X
element with the maximum read number of 256.

1. Request frame

starting address Number of elements Check code
A Functi 2H
ddress unction code (02H) 0 O ™ | 0 (CRC or LRC)

2. Response frame

If the read address is not the times of 8, the remaining bits will be filled with O (starting with the high bits).

Address Function code Number of bytes read Read data Read data Check code
(02H) (n) No.1 No.n (CRCor LRC

\57\56\55\54\83\52\81\Bo\

3.3 Read Holding Registers (0x03)

It refers to reading the value of data (word) register at the slave station, with the maximum number of registers of 125
read each time. It does not support broadcast.

1. Request frame

Starting address Number of elements Check code
Add Function Code (03H
ress unction Code (03H) H L H L (CRC or LRC)
2. Response frame
Read data No.1 Read data No.n Check cod
Address Function code (03H) | Number of bytes read (n) . - - - (CRgCorCI?Rg)

3.4 Force (Write) Single Coil (0x05)

Force (Write) single coil writes bit element value to the slave station and supports broadcast, i.e. writing the same
element to all slave stations. It supports 1 bit element at most.

1. Request frame

Starting address Written element value Check code
A Functi H
ddress unction Code (05H) o | T H o (CRC or LRC)

Note: The written value of the element is OxFF0O (ON, 1) or 0x0000 (OFF, 0).
2. Response frame

Response frame is the repeat of request frame.

Starting address Written element value Check cod
Address Function code (05H) T 9 T w T (CRZCorCI?RZ)
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3.5 Preset (write) Single Register (0x06)

Preset (Write) single register writes word element value to the slave station and supports broadcast, i.e. writing the
same element to all slave stations. It supports 1 bit element at most.

1. Request frame

Starting address Written element value Check code
Add Functi de (06H
ress unction code ( ) o o o o (CRC or LRC)
2. Response frame
Response frame is the repeat of Request frame.
Starting address Written element value Check code
A Functi H
ddress unction code (06H) w o o o (CRC or LRC)

3.6 Return Diagnostic Check (0 x 08)

Diagnostic register and communication error information can be obtained through returning diagnostic check.

Diagnostic code Description
0x00 Return Request frame
0x 01 Restart Comm Option
0x 04 Listen Only Mode of Slave Station
0x0a Clear Ctrs and Diagnostic Reg
0x0b Return Bus Message Count
0x0c Return Bus CRC Error Count
0x0d Return Bus Exception Error Cnt
0x0e Return Slave Message Count
0xO0f Return Slave No Response Cnt
0x12 Return Bus Char. Overrun Cnt

The frame description of sub-function code is as follows.
Return request frame (0x00):

1. Request frame

Functi d Any ch t Check cod
Address Function code (0x08H) unction wor ny character eck code
(0x00H) | (0x00H) H L (CRC or LRC)

2. Response frame
Return request frame intact.

Function word Any character Check code

Add Function code (0x08H
ress unction code (0x08H) (0x00H) | (0x00M) H ] L (CRC or LRC)

Restart communication option (0x01):

After receiving the frame, PLC will exit from Listen Only mode (Broadcast frame is supported).
1. Request frame

The normal Data field is 0x00 00 or Oxff 00.

Function word Data field Check code
Address Function code (0x08H
( ) 0x00H 0x01H H L (CRC or LRC)

2. Response frame

Function word Data field Check code
Address Function code (0x08H
( ) 0x00H 0x01H H | L (CRC or LRC)

Listen only mode of slave station (0x04):

Slave station enters Listen Only mode. None of the instructions will be executed or responded. The slave station can

only recognize the restart communication option instruction and enters the online mode after receiving the instruction
(Broadcast frame is supported).
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1. Request frame

Function word

Data field

Check code

Address Function code (0x08H
( ) (0x00H) | (0x04H) 0x0OH | 0x00H (CRC or LRC)
2. Response frame
No return
Clear counter and diagnostic register (0x0A):
Clear all counters (Broadcast frame is supported).
1. Request frame
Functi d Data field
Address Function code (0x08H) unction wor ot 1 Check code
(0x00H) [ (0xOAH) 0x00H | 0xO0H (CRC or LRC)
2. Response frame
Add Function Function word Data field Check code
ress
code (0x08H) (0x00H) | (0x0AH) 0x00H | OxO0H (CRC or LRC)

Return bus message count (0x0B):

Record the total number of the messages to all master stations from the slave stations since the last starting, clearing

and power-on of counter, which excludes the message of CRC error.
1. Request frame

Functi d Data field Check cod
Address Function code (0x08H) unction wor el eck code
(0x00H) | (0x0BH) 0x00H | 0xO00H (CRC or LRC)
2. Response frame
Functi d Data field heck
Address Function code (0x08H) unchion wor aeme Check code
(0x00H) | (0xOBH) H L (CRC or LRC)
CRC error count (0x0C):

Record the number of CRC errors received by slave station since the last starting, clearing and power-on of counter.

1. Request frame

Function word

Data field

Check code

Address Function code (0x08H
( ) (0x00H) | (0XOCH) 0x00H | 0x00H (CRC or LRC)
2. Response frame
Function word Data field Check code
A F i H
ddress unction code (0x08H) (0x00F) | (0x0CH) o T (CRC or LRC)

Return Slave Exception Error Count (0x0D):

Record the number of the exception error that detected by slave station since the last starting, clearing and power-on

of counter, which includes the error detected in the broadcast message.

1. Request frame

Function word Data field Check cod
Address Function code (0x08H) unction wor © eck code
(0x00H) | (OxODH) 0x00H | OxO0H (CRC or LRC)
2. Response frame
Function word Data field Check code
Address Function code (0x08H
re uncti e (0x08H) (0x00H) | (0xODH) H L (CRC or LRC)

Return Slave Message Count (0x0E)

Record the number of the addressing messages received by the slave station since the last starting, clearing and

power-on of counter.
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3.7

3.8

1. Request frame

Functi d Data field Check cod
Address Function code (0x08H) unction wor ata e eck code
(0x00H) | _ (OxOEH) | Ox0OH | Ox0OH (CRC or LRC)
2. Response frame
Functi d Data field
Address Function code (0x08H) unction wor ala e Check code
(0x00H) | (OxOEH) H L (CRC or LRC)

Return Slave No Response Count (0xO0F)

Record the number of messages that have not returned to the slave station since the last starting, clearing and

power-on of counter.
1. Request frame

Functi d Data field Check cod
Address Function code (0x08H) unchion wor ate e eck code
(0x00H) [ (0xOFH) 0x00H | OxOOH (CRC or LRC)
2. Response frame
Functi d Data field Check cod
Address Function code (0x08H) unction wor alatie eck code
(0x00H) [ (0xOFH) H L (CRC or LRC)

Return Bus Character Overrun Count (0x12)

Record the number of the messages that cannot be addressed due to the character overrun since the last starting,
clearing and power-on of counter.

1. Request frame

Address Function Function word Data field Check code
code (0x08H) (0x00H) I (0x12H) 0x00H | OxO0H (CRC or LRC)
2. Response frame
Address Function Function word Data field Check code
code (0x08H) (0x00H) | (0x12H) H L (CRC or LRC)

Force (Write) Multiple Coils (0OxOF Hex )

At most 1968 bit elements (0x07b0) can be written and the number is changeable according to the defined range.

1. Request frame

Function Starting | Number of Number Written

address | elements
Address code of bytes(n)| element
(OFH) H L H L value No.1

Written
element
value No.N

Check code
(CRC or LRC)

2. Response frame

\87\86\85\84\83\82\81\Bo\

Address

Function
code (OFH)

starting address

Number of elements

H |

L

H | L

Check code
(CRC or LRC)

Preset(reset) Multiple Registers (0x10 Hex)

At most 120 registers (0x78) can be written

1. Request frame

Function
code
(0x10H)

Address

Starting Number of Number
address elements of bytes
H | L H | L (n)

Written element
value No.1

Written element
value No.N

H | L

H L

Check code
(CRC or LRC)
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3.9

3.10

2. Response frame

Starting Number of elements Check code
Address | Function code (0x10H) address (CRC or LRC)
H | L H | L
Faulty Response Frame (0x80+function code)
Response Frame:
Check cod
Address Function code Error code (see above) (CR?)corclf)R?))

Function code refers to the function code of the captured request frame + 0x80

Points To Note

1. Refer to the address classification of elements, the elements read each time shall be of the same type. For example,
elements X and Y cannot be read in one frame.

2. The address and data range of the element shall be within the range specified by the protocol. For example:
For Y element, the protocol address range is 0000 ~ 0255 (Y0-Y377):

® [f the read starting address is 1 and 256 elements are read, address error will be returned (error code 02),
because there are only 255 Y elements that start with 1.

® [f the read starting address is 0 and 257 elements are read, data error will be returned (error code 03), because
the actual defined number of Y elements is only 256.

® [f the read starting address is 0 and 256 elements are read, the status of 256 elements will be returned.

In other words, the read number of the elements must be within the actually defined range. It is true for read/write of
bit/word elements.

Example Of Modbus Communication Control

Rather than transmitting any message actively, the Modbus slave station only decides whether to respond to the
message from the master station based on the specific situation after receiving the message for the local station. The
slave station only supports Modbus function codes 01, 02, 03, 05, 06, 08, 15 and 16. The rest will be responded with
illegal function code (except broadcast frame).

Read and write of element:

Except function code 08, the other supported function codes can read and write element. In principle, one frame can
read up to 2000 bit elements 125 word elements, and write 1968 bit elements and 120 word elements at most.
However, the real protocol addresses are separate and discontinuous for different elements, therefore, when reading
or writing an element, the elements read at one time can only be the same type and the maximum number of the read
or written elements is related to the actually defined number of the elements. For example, when reading Y element
(Y0-Y377), the protocol address ranges from 0 to 255, the logic address of the corresponding Modicon data is 1-256
and the maximum number of elements can be read is 256. See the following examples:

Note: The address of the slave station is 01, the last two bytes are CRC check code and the second byte is function
code.

1. XMT from master station: 01 01 00 00 01 00 3D 9A

01 address; 01 function code; 00 00 starting address; 01 00 number of read elements; 3D 9A check
Slave station response: return correct response

2. XMT from master station: 01 01 00 00 01 01 FC 5A
The master station reads 01 01 elements (257), which is over the defined range of Y elements.
Slave station response: 01 81 03 00 51

The response of the slave station is illegal data, because 257>256, 256 is the allowed maximum number of Y
elements.

3. XMT from master station: 01 01 00 64 00 A0 7D AD
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00 64(decimal 100) is the starting address for master station to read, 00 AO (decimal 160) is the number of the
elements.

Slave station response: 01 81 02 C1 91

The response of the slave station is illegal address, because there are only 156 Y elements which are defined to
start from 100 and 160 Y elements have exceeded the number.

4. XMT from master station: 01 01 01 2C 00 O0A 7C 38

The master station reads 10 bit elements of 01 2C (decimal 300).

Slave station response: 01 81 02 C1 91

The response of the slave station is illegal address, because protocol address 300 has no definition of bit element.
5. XMT from master station: 01 04 00 02 00 OA DI CD

The mater station sends the frame of function code 04.

Slave station response: 01 84 01 82 CO

The response of the slave station is illegal function code.
6. XMT from master station: 01 02 00 00 00 OA F8 0D

Master station reads input element (X element), 10 (X0-X9) from the starting address 00 00.

Slave station response: 01 02 02 00 00 B9 B8

The slave station responds with correct information, which has 02 bytes, and the content is 00 00.
7. XMT from master station: 01 01 04 BO 00 OA BC DA

Master station reads 10 bit elements(X0-X9) starting with 04 BO (decimal 1200).

Slave station response: 01 01 02 00 00 B9 FC

(A Note

1. The slave station responds with 02 bytes, and the content is 00 00.
2. X element does not support write.

Processing of double-word elements

1. The current value of C element is word element or double word element. The values from C200 to C255 are double
word elements, which are read and written through the function codes (03, 16) of read/write register. The address of
every two registers corresponds to one C double word element, and the registers can only be read or written in pair.
For example, read the RTU fame of three C double word elements (C200-C202):

01 03 25 E4 00 06 8E F3
I CRC check code
Number of elements to read: 6
Starting address: 9700

Function code
Station No.

In the returned data, 9700 and 9701 are the two addresses representing the content of C200. 9700 is the high 16 bits
and 9701 is the low 16 bits.

2. When reading the double word element, if the starting address for the reading is not an even number, the error
code of illegal address will be returned. For example:

XMT from master station:01 03 25 E5 00 04 5E F2

The starting address for the reading sent by the master is 25 E5 (four word elements, decimal 9701).

Slave station response: 01 83 02 CO F1

Slave station response: illegal data address
3. If the number of the read elements is not an even number, the error code of illegal data will be returned. For
example:

XMT from master station: 01 03 25 E4 00 05 CE F2

25 E4: The starting address for master station reading, 5 word elements

Slave response: 01 83 03 01 31

Slave station returns illegal data.
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Processing of LONG INT data:

Based on the storage method of PLC in GCM, one LONG INT data can be saved in two D elements. For example:
Store one LONG INT data in D3 and D4, D3 is used for storing high 16 bits, D4 is used for storing low 16 bits in Invt
PLC. If master station reads LONG INT data through Modbus, the 32-bit data shall be regrouped based on the LONG
INT storage principle of INVT PLC after reading the data.

Storage principle of FLOAT is the same as the storage principle of LONG INT.

Description Of Broadcast

The slave station supports broadcast but not all the function codes. The slave station supports function codes 01, 02,
03, 05, 06, 08, 15 and 16 (decimal). Wherein, 01, 02 and 03 can read element but do not support broadcast, no
response will be gotten after sending out the broadcast; 05, 06, 15 and 16 can write element and support broadcast,
no response will be gotten after sending out the broadcast, but slave station will process the received data; 08 is the
diagnostic function code, it does not support the broadcast except its sub-function codes 0x01, 0x04 and 0x0A
(Hexadecimal).
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High 3-bit
ASCIl  HEX 'gh 3-bi
0 1 2 8] 4 5 6 7
* (pause
0 NUL DLE SPACE 0 P
@ mark) P
1 SOH DC1 ! 1 A Q a q
2 STX DC2 " 2 B R b r
3 ETX DC3 # 3 C S c s
4 EOT DC4 $ 4 D T d t
5 ENQ NAK % 5 E u e u
6 ACK SYN & 6 F \Y f v
ingl
7 BEL ETB - (single 7 G W g w
quotation marks)
Low 4-bit 8 BS CAN ( 8 H X h X
9 HT EM ) 9 I Y i y
A LF SuB * J z j z
B VT ESC + ; K [ k {
| (vertical
c FF FS , (comma) < L | (vertica
slash)
CR Gs - (suptraction _ M ] m }
sign)
E SO RS > A n ~
\ B
F SI us / ? (e} (Underiine) o DEL
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Instruction Instruction function Program steps | Influenced flag bit | IVC2 | IVC1 | Page
ABS Read current value instruction 8 N 199
ADD Integer math instructions 7 Zero, Carry, V J 89
Borrow
ANB Power-flow block and 1 N N 58
AND NO contact power-flow and 1 N N 56
AND< | Compare integer AND< instruction 5 N N 185
AND<= | Compare integer AND<= instruction 5 N N 185
AND<> | Compare integer AND <> instruction 5 N N 185
AND= | Compare integer AND= instruction 5 N N 185
AND> | Compare integer AND > instruction 5 N N 185
AND>= | Compare integer AND > =instruction 5 N N 185
ANDD< | Compare double integer ANDD< instruction 7 N N 188
ANDD<= | Compare double integer ANDD<= instruction 7 N N 188
ANDD<> | Compare double integer ANDD<> instruction 7 N N 188
ANDD= | Compare double integer ANDD= instruction 7 N N 188
ANDD> | Compare double integer ANDD> instruction 7 N N 188
ANDD>= | Compare double integer ANDD>= instruction 7 N N 188
ANDR< | Compare floating point number ANDR< instruction 7 N N 191
ANDR<= | Compare floating point number ANDR<= instruction 7 N N 191
ANDR<> | Compare floating point number ANDR<> instruction 7 N N 191
ANDR= | Compare floating point number ANDR= instruction 7 N N 191
ANDR> | Compare floating point number ANDR> instruction 7 N N 191
ANDR>= | Compare floating point number ANDR>= instruction 7 N N 191
ANI NC contact power-flow and 1 N N 56
ASC ASCII Code conversion instruction 19 N 113
ATI ASCIl-hexadecimal integer conversion instruction 7 N 115
BAND | Word bit contactor AND instruction 5 N v | 181
BANI  |Word bit contactor ANI instruction 5 N v | 181
BCD Word to 16-bit BCD instruction 5 N N 109
BIN 16-bit BCD to word instruction 5 N v [ 110
BITS Counting ON bit in word instruction 5 N N 179
BLD Word bit contactor LD instruction 5 N N 180
BLDI | Word bit contactor LDI instruction 5 N v | 180
BMOV | Move data block transmission instruction 7 N N 81
BOR Word bit contactor OR instruction 5 N N 182
BORI Word bit contactor ORI instruction 5 N N 182
BOUT | Word bit coil output instruction 5 N N 183
BRST | Word bit coil reset instruction 5 N \ 183
BSET | Word bit coil set instruction 5 N N 183
Dependent on
CALL | Calling a subprogram the parameter N S 79
of the
subprogram
CCITT |CCITT check instruction 7 N N 174
CFEND | Conditional end from user main program 1 N R 77
CIRET | Conditional return from user interrupt subprogram 1 N N 78
cJ Conditional jump 3 N N 77
COoSs Floating point number COS instruction 7 Zero N N 103
CRC16 |CRC16 check instruction 7 N \/ 175
CSRET | Conditional return from user subprogram 1 N N 79
CTR 16-bit counter loop cycle counting instruction 5 N N 68
CTU 16-bit counter counting up instruction 5 N R 67
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Instruction Instruction function Program steps | Influenced flag bit | IVC2 | IVC1 | Page
DADD | Add double integer instruction 10 Zero, Carry, V| ov | e3
Borrow
DBCD | Double word to 32-bit BCD instruction 7 N N 109
DBIN 32-bit BCD to double word instruction 7 N N 110
DBITS | Counting ON bit in double word instruction 6 N N 179
DCMP< | Compare date< instruction 7 N N 140
DCMP<= | Compare date<= instruction 7 N N 140
DCMP<> | Compare date<> instruction 7 N N 140
DCMP= | Compare date= instruction 7 N N 140
DCMP> | Compare date> instruction 7 N v | 140
DCMP>= | Compare date>= instruction 7 N v | 140
DCNT [ 32-bit counting instruction 7 N N 69
DDEC | Decrement double integer instruction 4 N N 96
DDIV | Divide double integer instruction 10 N N 95
DEC Decrement integer instruction 3 N N 92
DECO |Decode instruction 5 N v | 178
DFLT | Double integer to floating point number instruction 7 N v | 107
DFMOV | Fill data block double word instruction 9 N N 82
DFROM Rer.:\d dquble W(?rd from special module buffer 10 J J 130
register instruction
DGBIN | 32-bit gray code to double word instruction 7 N v o[ 112
DGRY | Double word to 32-bit gray code instruction 7 N N R
DHSCI High-speed counting compare interrupt trigger 10 J J 144
instruction
DHSCR | High-speed counting compare reset instruction 10 N N 145
DHSCS | High-speed counting compare set instruction 10 N N 143
DHSP High-speed counting table compare pulse output 10 J J 149
instruction
DHST High-speed counting table compare instruction 10 N N 147
D DHSZ High-speed counting zone compare instruction 13 N N 146
DI Disable interrupt instruction 1 N N 78
DINC |Increment double integer instruction 4 N N 96
DINT Floating point number to double integer instruction 7 Zero, Carry, S S 108
Borrow
DIV Divide integer instruction 7 N N 90
DMOV Move double word data transmission instruction 7 N N 80
DMUL | Multiply double integer instruction 10 R R 94
DNEG | Negative double integer instruction 7 R R 97
DRCL | 32-bit carry circular shift left instruction 9 Carry N N 124
DRCR | 32-bit carry circular shift right instruction 9 Carry N N 123
DROL | 32-bit circular shift left instruction 9 Carry N N 123
DROR | 32-bit circular shift right instruction 9 Carry N N 122
DRVA Control absolute position instruction 11 R 199
DRVI Control relative position instruction 11 v 198
DSHL | 32-bit shift left instruction 9 N N 126
DSHR [ 32-bit shift right instruction 9 N N 125
DSQT | Square root double integer instruction 7 R R 95
DSUB | Subtract double integer instruction 10 zero, Carry, \/ S 94
Borrow
DSUM | Sum double integer instruction 9 Zero R R 99
DTI Double integer to integer instruction 6 R v 106
DTO Re?d dquble w9rd from special module buffer 10 J J 132
register instruction
DVABS | Double integer absolute value instruction 7 N N 97
DWAND | AND double word instruction 10 v \/ 117
DWINV | NOT double word Instruction 10 N N 119
DWOR | OR double word instruction 10 v \/ 118
DWXOR | Exclusive-OR double word instruction 10 \/ v 118
DXCH [ Exchange double word instruction 7 v R 84
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Instruction Instruction function Program steps | Influenced flag bit | IVC2 | IVC1 | Page
ED Power flow falling edge detection 1 N N 61
El Enable interrupt instruction 1 N N 78
ENCO |Encode instruction 5 N N 178
EROMWR | EEPROM write instruction 7 N 134
EU Power flow rising edge detection 2 N N 60
I\VDFWD .FREQQENCY CONVERTER touch forward rotation 6 J 166
instruction
IVDREV .FREQQENCY CONVERTER touch reverse rotation 6 J 167
instruction
IVFRQ .FREQQENCY CONVERTER set frequency 8 J 168
instruction
I\VEWD .FREQQENCY CONVERTER forward rotation 6 J 165
instruction
IVRD FREQ.UENC\.( CONVERTER read single register 10 J 171
value instruction
IVRDST |FREQUENCY CONVERTER read status instruction 10 N 170
IVREV FREQQENCY CONVERTER reverse rotation 6 J 166
instruction
IVSTOP | FREQUENCY CONVERTER stop instruction 8 N 167
VWRT FREQ‘UENC\‘( CONVERTER write single register 10 J 169
value instruction
EXP Floating point number EXP instruction EXP 7 Zero, Carry N N 105
FIFO First-in-first-out instruction 7 Zero N N 86
FLT Integer to floating point number instruction 6 N N 107
FMOV | Fill data block instruction 7 N J 82
FOR Cycle instruction 3 N N 75
FROM Read w‘ord from special module buffer register 9 J J 129
instruction
GBIN 16-bit gray code to word instruction 5 N N 110
GRY Word to 16-bit gray code instruction 5 N N 111
HACKLE | Hackle wave signal output instruction 12 N v 161
HCNT | High-speed counter drive instruction 7 N R 142
HOUR Timing list instruction 8 N N 139
INC Increment integer instruction 3 N N 91
INT Floating point number to integer instruction 6 Zero, Carry, v S 108
Borrow
INV Power-flow block inverse 1 N N 61
ITA hexadecimal integer-ASCII conversion instruction 7 N 114
ITD Integer to double integer instruction 6 N N 107
LBL Jump label definition 3 N N 76
LD NO contact power-flow loading 1 N v 55
LD< Compare integer LD< instruction 5 N v 184
LD<= Compare integer LD<= instruction 5 N v 184
LD<> Compare integer LD<> instruction 5 N v 184
LD= Compare integer LD= instruction 5 N R 184
LD> Compare integer LD> instruction 5 N v 184
LD>= Compare integer LD>= instruction 5 N v 184
LDD< | Compare double integer LDD< instruction 7 N v 187
LDD<= | Compare double integer LDD<= instruction 7 N N 187
LDD<> | Compare double integer LDD<> instruction 7 N N 187
LDD= | Compare double integer LDD= instruction 7 N v 187
LDD> | Compare double integer LDD> instruction 7 N v 187
LDD>= | Compare double integer LDD>= instruction 7 N N 187
LDI NC contact power-flow loading 1 N v 55
LDR< | Compare floating point number LDR< instruction 7 N N 190
LDR<= | Compare floating point number LDR<= instruction 7 N N 190
LDR<> | Compare floating point number LDR<> instruction 7 N N 190
LDR= | Compare floating point number LDR= instruction 7 N N 190
LDR> | Compare floating point number LDR> instruction 7 N N 190
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Instruction Instruction function Program steps | Influenced flag bit | IVC2 | IVC1 | Page
LDR>= | Compare floating point number LDR>= instruction 7 N N 190

LIFO Last-in-first-output instruction 7 Zero N N 86

LN Floating point number LN instruction 7 Zero, Carry N N 105

LRC LRC check instruction 7 N N 176

MC Main control 3 N N 62

MCR Main control remove 1 N N 63
Modbus | Modbus master station communication instruction 8 N N 164

MOV Move word data transmission instruction 5 N N 80

M MPP Output power-flow stack pop off 1 N N 60

MPS Output power-flow input stack 1 N N 59

MRD Read output power-flow stack top value 1 N N 60

MUL Multiply integer instruction 8 N N 90

NEG Negative integer instruction 5 N N 93

N NEXT |Return from cycle 1 N N 75

NOP No operation 1 N N 62

OR NO contact power-flow or 1 N N 57

OR< Compare integer OR< instruction 5 N v | 186

OR<= | Compare integer OR<= instruction 5 N v | 186

OR<> | Compare integer OR<> instruction 5 N v | 186

OR= Compare integer OR= instruction 5 N v | 186

OR> Compare integer OR> instruction 5 N v | 186

OR>= | Compare integer OR>= instruction 5 N v | 186

ORB Power-flow block or 1 N N 59

ORD< |Compare double integer ORD< instruction 7 N v | 189
ORD<= | Compare double integer ORD<= instruction 7 N v | 189
ORD<> | Compare double integer ORD<> instruction 7 N v | 189

0 ORD= | Compare double integer ORD= instruction 7 N v | 189
ORD> | Compare double integer ORD> instruction 7 N v | 189
ORD>= | Compare double integer ORD>= instruction 7 N v | 189

ORI NC contact power-flow or 1 N N 57

ORR< | Compare floating point number ORR< instruction 7 N Vo[ 192
ORR<= | Compare floating point number ORR<= instruction 7 N Vo[ 192
ORR<> | Compare floating point number ORR<> instruction 7 N Vo[ 192
ORR= | Compare floating point number ORR= instruction 7 N Vo[ 192
ORR> | Compare floating point number ORR> instruction 7 N v o[ 192
ORR>= | Compare floating point number ORR>= instruction 7 N v | 192

ouT Power-flow output 1 N N 58

OUT Sxx | SFC state jumb 3 N N 64

PID PID instruction 9 N v | 157

PLS Pulse Output Instruction of Envelop 7 N 155

PLSR F)ount pulse with acceleration/deceleration output 10 J J 153

instruction

P PLSV Variable speed pulse output instruction 8 N 197
PLSY | Count pulse output instruction 9 N N 152
POWER | Floating point number exponentiation instruction 10 Zero, Carry N N 104

PUSH | Push instruction 7 Carry N N 84

PWM PWM pulse output instruction 7 N N 156

RADD | Add floating point number instruction 10 Zero, Carry N N 99
RAMP  |[Ramp wave signal output instruction 12 N N 160

RCL 16-bit carry circular shift left instruction 7 Carry N N 122

RCR 16-bit carry circular shift right instruction 7 Carry N N 121

RCV Free-port receiving (RCV) instruction 7 N N 173

R RDIV Divide floating point number instruction 10 Zero, Carry N N 101
REF Set input filtering constant instruction 5 N N 133

REFF [ Set input filtering constant instruction 3 N N 133

RET SFC program end 1 N N 65

RMOV Move fI.oating point number data transmission 7 J J 81

instruction
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Instruction Instruction function Program steps | Influenced flag bit | IVC2 | IVC1 | Page
RMUL | Multiply floating point number instruction 10 Zero, Carry N N 100
RNEG | Negative floating point number instruction 7 N N 102
ROL 16-bit circular shift left instruction 7 Carry N N 120
ROR 16-bit circular shift right instruction 7 Carry N N 119
RSQT Square root floating point number instruction 7 Zero N N 101
RST Reset 1 N N 62
RST Sxx | SFC state delete 3 N N 65
RSUB Subtract floating point number instruction 10 Zero, Carry N N 100
RSUM | Sum floating point number instruction 9 N N 106
RVABS | Floating point number absolute value instruction 7 N v [ 102
SEG Word to 7-segment encode 5 N v [ 113
SET Set 1 N N 62
SET Sxx | SFC state shift 3 N N 64
SFTL | Shift left byte instruction 9 N v | 128
SFTR | Shift right byte instruction 9 N v [ 127
SHL 16-bit shift left instruction 7 N v | 125
SHR 16-bit shift right word instruction 7 N v | 124
SIN Floating point number SIN instruction 7 Zero N v [ 103
SPD Pulse detection instruction 7 N v [ 151
SQT Square root integer instructions 5 N N 91
STL SFC state load instruction 3 N N 64
STOP | User program stop 1 N N 78
SUB Subtract integer instruction 7 Zero, Carry, v \ 89
Borrow
SUM Sum integer instruction 8 Zero N N 98
SWAP [ Swap bytes 3 N N 83
TADD | Add clock instruction 7 Zero, Carry N v [ 137
TAN Floating point number TAN instruction 7 Zero, Carry N v | 104
TCMP< | Compare time< instruction 7 N Vo[ 141
TCMP<= | Compare time>= instruction 7 N v o[ 141
TCMP<> | Compare time<> instruction 7 N Vo[ 141
TCMP= | Compare time= instruction 7 N Vo[ 141
TCMP> | Compare time> instruction 7 N Vo[ 141
TCMP>= | Compare time>= instruction 7 N Vo[ 141
TMON | Monostable timing instruction 5 N N 67
T0 Read w.ord from special module buffer register 9 N J 131
instruction
TOF Off-delay timing instruction 5 N N 66
TON On-delay timing instruction 5 N N 65
TONR | On-delay remember timing instruction 5 N N 66
TRD Read real-time clock instruction 3 N N 135
TRIANGLE | Triangle wave signal output instruction 12 N v | 162
TSUB | Subtract clock instruction 7 Zero, Borrow N N 138
TWR | Write real-time clock instruction 3 N N 136
VABS | Integer absolute value instruction 5 N N 92
VRRD Read analog potentiometer value instruction 5 N N 132
WAND | AND word instruction 7 N v | 115
WDT User program watchdog reset 1 N N 77
WINV  [NOT word instruction 5 N v o117
WOR | OR word instruction 7 N N 116
WSFL | Shift left word instruction 9 N N 88
WSFR | Shift right word instruction 9 N N 87
WXOR | Exclusive-OR word instruction 7 N N 116
XCH Exchange word instruction 5 N N 83
XMT Free-port sending (XMT) instruction 7 N N 172
ZRN Regress to origin instruction 11 N 196
ZRST | Batch bit reset instruction 5 N N 177
ZSET | Set batch bit instruction 5 N v o177
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Instruction Instruction function Program Influen(?ed flag IVC2 | IVC1 Page
steps bit
LD NO contact power-flow loading 1 55
LDI NC contact power-flow loading 1 N N 55
AND NO contact power-flow and 1 N N 56
ANI NC contact power-flow and 1 N N 56
OR NO contact power-flow or 1 N N 57
ORI NC contact power-flow or 1 N N 57
OUT | Power-flow output 1 N N 58
SET  [Set 1 N N 62
RST  |Reset 1 N N 62
ANB | Power-flow block and 1 N N 58
ORB | Power-flow block or 1 N N 59
INV Power-flow block inverse 1 N N 61
NOP | No operation 1 N N 62
Basic MPS | Output power-flow input stack 1 N N 59
instruction MRD Read output power-flow stack top value 1 N N 60
MPP | Output power-flow stack pop off 1 N N 60
MC Main control 3 N N 62
MCR [ Main control remove 1 N N 63
EU Power flow rising edge detection 2 N N 60
ED Power flow falling edge detection 2 N N 61
TON | On-delay timing instruction 5 N N 65
TOF | Off-delay timing instruction 5 N N 66
TMON | Monostable timing instruction 5 N N 67
TONR | On-delay remember timing instruction 5 N N 66
CTU 16-bit counter counting up instruction 5 N N 67
CTR .16-bit c9unter loop cycle counting 5 J J 68
instruction
DCNT | 32-bit counting instruction 7 N N 69
LBL Jump label definition 3 N N 76
cJ Conditional jump 3 N N 77
Dependent
CALL | Calling a subprogram on the v v 79
program

CSRET | Conditional return from user subprogram 1 N N 79
Program CFEND | Conditional end from user main program 1 N N 77
‘ contr9l CIRET Conditional return from user interrupt 1 N N 78

instruction subprogram
FOR [Cycle instruction 3 N N 75
NEXT Return from cycle 1 N N 75
WDT | User program watchdog reset 1 N N 78
STOP | User program stop 1 N N 78
El Enable interrupt instruction 1 N N 78
DI Disable interrupt instruction 1 N N 78
STL SFC state load instruction 3 N N 64
SEC SET Sxx | SFC state shift 3 N N 64
, , OUT Sxx | SFC state jump 3 v v 64

instruction

RST Sxx | SFC state reset 3 N N 65
RET SFC program end 1 N N 65
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P Infl fl
Instruction Instruction function rogram f uenc?ed a9 IVC2 | IVC1 Page
steps bit
MOV Move word data transmission instruction 5 N N 80
DMOV Move dQubIe word data transmission 7 J N 80
Data instruction
tr.ansmis.sion RMOV Move fI.oa.ting. point n.umber data 7 J N 81
instruction transmission instruction
BMOV | Move data block transmission instruction 7 N N 81
SWAP | Swap bytes 3 N N 83
XCH Exchange word instruction 5 N N 83
DXCH | Exchange double word instruction 7 N N 84
FMOV | Fill data block instruction 7 N N 82
Data f DFMOV | Fill data block double word instruction 9 N N 82
ata flo
) oW WSFR | Shift right word instruction 9 N N 87
instruction - - -
WSFL | Shift left word instruction 9 N N 88
PUSH | Push instruction 7 Carry N N 84
FIFO  |First-in-first-out instruction 7 Zero N N 86
LIFO |Last-in-first-output instruction 7 Zero N N 86
Zero, C ,
ADD | Add integer instructions 7 ero, Lafry \/ v 89
Borrow
) ) : Zero, Carry,
DADD | Add double integer instruction 10 \ v 93
Borrow
) ) ) Zero, Carry,
SuUB Subtract integer instruction 7 S N 89
Borrow
) ) ) Zero, Carry,
DSUB | Subtract double integer instruction 10 S N 94
Borrow
INC Increment integer instruction 3 N N 91
DINC |Increment double integer instruction 4 N N 96
Integer / DEC | Decrement integer instruction 3 N N 92
double DDEC | Decrement double integer instruction 4 N N 96
integer math MUL Multiply integer instruction 8 N N 90
instruction DMUL | Multiply double integer instruction 10 N N 94
DIV Divide integer instruction 7 N N 90
DDIV | Divide double integer instruction 10 N N 95
VABS |Integer absolute value instruction 5 N N 92
DVABS | Double integer absolute value instruction 7 N N 97
NEG Negative integer instruction 5 N N 93
DNEG | Negative double integer instruction 7 N N 97
SQT Square root integer instructions 5 N N 91
DSQT | Square root double integer instruction 7 N N 95
SUM Sum integer instruction 8 Zero N N 98
DSUM | Sum double integer instruction 9 Zero N N 99
RADD | Add floating point number instruction 10 Zero, Carry N N 99
RSUB Subtract floating point number instruction 10 Zero, Carry N N 100
RMUL | Multiply floating point number instruction 10 Zero, Carry N N 100
RDIV Divide floating point number instruction 10 Zero, Carry N N 101
Floati i | |
RVABS | oatlng point number absolute value 7 J J 102
instruction
Floati i | |
RNEG . oatmg point number absolute value 7 J J 102
Floati int instruction
oating poin - -
fl
number math RSQT .'Square.root oating point number 7 Zero J J 101
) ) instruction
instruction - - - -
SIN Floating point number SIN instruction 7 Zero N N 103
COS | Floating point number COS instruction 7 Zero N N 103
TAN Floating point number TAN instruction 7 Zero, Carry N N 104
LN Floating point number LN instruction 7 Zero, Carry N N 105
EXP Floating point number EXP instruction 7 Zero, Carry N N 105
POWER floating point number exponentiation 10 Zero, Carry J N 104
instruction
RSUM | Sum floating point number instruction 9 N N 106
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Instruction Instruction function Program Influen(?ed flag IVC2 | IVC1 Page
steps bit
WAND | AND word instruction 7 N N 115
DWAND | AND double word instruction 10 N N 117
WOR | OR word instruction 7 N N 116
Word/double 5w AR —TGR double word instruction 10 v v 118
word logic ) - .
instruction WXOR | Exclusive-OR word instruction 7 N N 116
DWXOR | Exclusive-OR double word instruction 10 N N 118
WINV  [NOT word instruction 5 N N 117
DWINV | NOT double word Instruction 7 N N 119
ROR [ 16-bit circular shift right instruction 7 Carry N N 119
DROR | 32-bit circular shift right instruction 9 Carry N N 122
ROL | 16-bit circular shift left instruction 7 Carry N N 120
DROL | 32-bit circular shift left instruction 9 Carry N N 123
RCR [ 16-bit carry circular shift right instruction 7 Carry N N 121
DRCR | 32-bit carry circular shift right instruction 9 Carry N N 123
Shift / rotate RCL 16-bit carry circular shift left instruction 7 Carry N N 122
instruction DRCL 32-bit carry circular shift left instruction 9 Carry N N 124
SHR | 16-bit shift right word instruction 7 N N 124
DSHR | 32-bit shift right instruction 9 N N 125
SHL | 16-bit shift left instruction 7 N N 125
DSHL | 32-bit shift left instruction 9 N N 126
SFTL | Shift left byte instruction 9 N N 128
SFTR [ Shift right byte instruction 9 N N 127
DECO |Decode instruction 5 N N 178
ENCO |Encode instruction 5 N N 178
Enhanced bit BITS | Counting ON bit in word instruction 5 N N 179
. Iogic. DBITS .Countin.g ON bit in double word 6 J J 179
instruction instruction
ZRST | Batch bit reset instruction 5 N N 177
ZSET | Set batch bit instruction 5 N N 177
HCNT | High-speed counter drive instruction 7 N N 142
DHSCS High-speed counting compare set 10 J N 143
instruction
DHSCR High-speed counting compare reset 10 J J 145
instruction
DHSCI H‘igh-s;?eed co.unting compare interrupt 10 N N 144
trigger instruction
DHSZ .High-sp.eed counting zone compare 13 J J 146
instruction
High spee‘d DHST .High-sp.eed counting table compare 10 J J 147
I/O instruction instruction
DHSP High-sPeed co.unting table compare pulse 10 J J 149
output instruction
SPD Pulse detection instruction 7 N N 151
PLSY | Count pulse output instruction 9 N N 152
Count pulse with
PLSR | acceleration/deceleration output 10 N N 153
instruction
PWM | PWM pulse output instruction 7 N N 156
PLS Pulse Output Instruction of Envelop 7 N 155
PID PID instruction 9 N N 157
Control - - -
caleulation RAMP | Ramp wave signal output instruction 12 N N 160
- struction TRIANGLE | Triangle wave signal output instruction 12 N N 162
HACKLE | Hackle wave signal output instruction 12 N N 161
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Instruction Instruction function rogram f uenc?ed a9 IVC2 | IVC1 Page
steps bit
FROM Regd wc.>rd from special module buffer 9 J N 129
register instruction
DFROM Read douple w.ord from special module 10 J N 130
buffer register instruction
10 Wri.te wqrd to sPeciaI module buffer 9 J N 131
External register instruction
?qUipm_ent DTO Write douple w.ord to §pecial module 10 J N 132
instruction buffer register instruction
VRRD Read ar\alog potentiometer value 5 N N 132
instruction
REFF | Set input filtering constant instruction 3 N N 133
REF |Instant refresh I/O instruction 5 N N 133
EROMWR | Write EEPROM instruction 7 N 134
ABS Read current value instruction 8 N 199
. ZRN Regress to origin instruction 11 N 196
Locating - - -
instruction PLSV Variable speed pulse output instruction 8 N 197
DRVI Control relative position instruction 11 N 198
DRVA Control absolute position instruction 11 N 199
TRD Read real-time clock instruction 3 N N 135
Real-time TWR | Write real-time clock instruction 3 N N 136
clock TADD | Add clock instruction 7 Zero, Carry N N 137
instruction TSUB | Subtract clock instruction 7 Zero, Borrow N N 138
HOUR | Timing list instruction 8 N N 139
LD= Compare integer LD= instruction 5 N N 184
LDD= | Compare double integer LDD= instruction 7 N N 187
LDR= ‘Compa‘re floating point number LDR= 7 J J 190
instruction
LD> Compare interger LD> instruction 5 N N 184
LDD> | Compare double integer LDD> instruction 7 N N 187
LDR> ‘Compa‘re floating point number LDR> 7 J J 190
instruction
LD>= | Compare integer LD>= instruction 5 N N 184
le i LDD>=
LDD>= ‘Compa‘re double integer 7 J N 187
instruction
LDR>= .Compa.re floating point number LDR>= 7 J J 190
instruction
LD< Compare integer LD< instruction 5 N N 184
LDD< | Compare double integer LDD< instruction 7 N N 187
Compare LDR< pompare floating point number LDR< 7 J J 190
contactor instruction
instruction LD<= |Compare integer LD<= instruction 5 N N 184
LDD<= pompare double integer LDD<= 7 J N 187
instruction
LDR<= pompare floating point number LDR<= 7 J J 190
instruction
LD<> | Compare integer LD<> instruction 5 N N 184
LDD<> .Compa.re double integer LDD<> 7 N N 187
instruction
LDR<> .Compa.re floating point number LDR<> 7 J J 190
instruction
AND= | Compare integer AND= instruction 5 N N 185
ANDD= pompare double integer ANDD= 7 J N 188
instruction
floati i ANDR=
ANDR= F)ompare oating point number 7 J N 191
instruction
AND> | Compare integer AND> instruction 5 N N 185
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Instruction Instruction function el f uen(?ed . IVC2 | IVC1 Page
steps bit
ANDD> .Compa.re double integer ANDD> 7 N N 188
instruction
ANDR> .Compa.re floating point number ANDR> 7 N N 191
instruction
AND>= | Compare integer AND>= instruction 5 N N 185
ANDD>= .Compa.re double integer ANDD>= 7 N N 188
instruction
ANDRS>= .Compa.re floating point number ANDR>= 7 N N 191
instruction
AND< | Compare integer AND< instruction 5 N N 185
i <
ANDD< F:ompare double integer ANDD 7 N N 188
instruction
ANDR< .Compa.re floating point number ANDR< 7 J J 191
instruction
AND<= | Compare integer AND<= instruction 5 N N 185
lei ANDD<=
Compare ANDD<= .Compa.re double integer 7 J J 188
contactor instruction
floati i ANDR<=
instruction ANDR<= .Compa.re oating point number 7 v v 191
instruction
AND<> | Compare integer AND<> instruction 5 N N 185
lei ANDD<>
ANDD<> .Compa.re double integer 7 J J 188
instruction
ANDR<> .Compa.re floating point number ANDR<> 7 J J 191
instruction
OR= | Compare integer OR= instruction 5 N N 186
ORD= .Compa.re double integer ORD= 7 N N 189
instruction
ORR= .Compa.re floating point number ORR= 7 N N 192
instruction
OR> | Compare integer OR> instruction 5 N N 186
ORD> .Compa.re double integer ORD> 7 N J 189
instruction
ORR> .Compa.re floating point number ORR> 7 N N 192
instruction
OR>= | Compare integer OR>= instruction 5 N N 186
ORD>= .Compa.re double integer ORD>= 7 N N 189
instruction
- - -
ORR>= .Compa.re floating point number ORR 7 J J 192
instruction
OR< Compare integer OR< instruction 5 N N 186
lei RD<
ORD< .Compa.re double integer O 7 J J 189
instruction
Compare ORR< .Compa.re floating point number ORR< 7 J J 192
contactor instruction
) : OR<= | Compare integer OR<= instruction 5 N N 186
instuction c Jouble it ORD<
in r =
ORD<= |, ompa.re ouble Infege 7 v v 189
instruction
ORR<= .Compa.re floating point number ORR<= 7 J J 192
instruction
OR<> | Compare integer OR<> instruction 5 N N 186
lei RD<>
ORD<> F)ompare double integer O 7 J J 189
instruction
ORR<> Compare floating point number ORR<> 7 N N 192
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Instruction Instruction function o f uenc?ed . IVC2 | IVC1 Page
steps bit
ITD Integer to double integer instruction 6 N N 107
DTI Double integer to integer instruction 6 N N 106
FLT .Integer.to floating point number 6 J N 107
instruction
DFLT .Double.integer to floating point number 7 J N 107
instruction
INT .Floating point number to integer 6 Zero, Carry, J J 108
instruction Borrow
DINT .Floating point number to double integer 7 Zero, Carry, J N 108
instruction Borrow
BCD | Word to 16-bit BCD instruction 5 N N 109
Dat DBCD | Double word to 32-bit BCD instruction 7 N N 109
aa BIN | 16-bit BCD to word instruction 5 J v 110
converting - - -
. i DBIN | 32-bit BCD to double word instruction 7 N N 110
instruction - - -
GRY | Word to 16-bit gray code instruction 5 N N 111
DGRY ‘Double‘word to 32-bit gray code 7 J N 111
instruction
GBIN | 16-bit gray code to word instruction 5 N N 112
2-bi |
DGBIN 3 bit g.ray code to double word 7 J J 112
instruction
SEGI | Word to 7-segment encode 5 N N 113
ASC ASCII Code conversion instruction 19 N 113
ITA hexadef:imal integer-ASCII conversion 7 J 114
instruction
AT ASCII-hexadecimal integer conversion 7 J 115
instruction
BLD Word bit contactor LD instruction 5 N N 180
BLDI | Word bit contactor LDI instruction 5 N N 180
BAND | Word bit contactor AND instruction 5 N N 181
Word BANI Word bit contactor ANI instruction 5 N N 181
contactor BOR Word bit contactor OR instruction 5 N N 182
instruction BORI | Word bit contactor ORI instruction 5 N N 182
BSET | Word bit coil set instruction 5 N N 183
BRST | Word bit coil reset instruction 5 N N 183
BOUT | Word bit coil output instruction 5 N N 183
Modbus Modbu§ master station communication 8 J J 164
instruction
XMT Free-port sending (XMT) instruction 7 N N 172
RCV Free-port receiving (RCV) instruction 7 N N 173
FREQUENCY CONVERTER fi d
IVFWD QUE ) orwar 6 N 165
rotation instruction
FREQUENCY CONVERTER
IVREV QUE ) reverse 6 N 166
rotation instruction
FREQUENCY CONVERTER touch
IVDFWD Q o : oue 6 y 166
forward rotation instruction
C icati FREQUENCY CONVERTER touch
ommUNICAL |y HREV QUENCY C T ERfoud 6 \ 167
on instruction reverse rotation instruction
FREQUENCY CONVERTER st
vstop |FREQU Stop 8 N 167
instruction
IVERQ FREQUENCY CQNVERTER set 8 J 168
frequency instruction
FREQUENCY CONVERTER write sing|
VWRT ; QUENC .CO ; write single 10 J 169
register value instruction
FREQUENCY CONVERTER
I\VRDST |’ QL.I CY CO read status 10 J 170
instruction
FREQUENCY CONVERTER ingl
I\VRD .QU C .CO ; read single 10 N 171
register value instruction
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Appendix 10 Classified Instruction Index

P Infl d fl
Instruction Instruction function el f uen(?e . IVC2 | IVC1 Page
steps bit
Data check CCITT |CCITT check instruction 7 N N 174
ata chec
i ) CRC16 | CRC16 check instruction 7 N N 175
instruction - -
LRC LRC check instruction 7 N N 176
DCMP= | Compare date= instruction 7 N N 140
DCMP> | Compare date> instruction 7 N N 140
Compare - -
date DCMP< | Compare date< instruction 7 N N 140
) ) DCMP>= | Compare date>= instruction 7 N N 140
instruction _ _
DCMP<= | Compare date<= instruction 7 N N 140
DCMP<> | Compare date<> instruction 7 N N 140
TCMP= | Compare time= instruction 7 N N 141
TCMP> | Compare time> instruction 7 N N 141
Compare - - -
e TCMP< | Compare time< instruction 7 N N 141
i
. ) TCMP>= | Compare time>= instruction 7 N N 141
instruction _ _ _
TCMP<= | Compare time<= instruction 7 N N 141
TCMP<> | Compare time<> instruction 7 N N 141
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