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Introduction

- Please be sure to read and understand Precautions and Introductions in CX-Programmer Operation Manual
Function Block/Structured Text and CX-Programmer Operation Manual before using the product.

- This guide describes the basic operation procedure of CX-Programmer. Refer to the Help or the Operation Manual
of the PDF file for detailed descriptions.

- Acrobat Reader 5.0 or later is required to read the PDF files.
- You can display the PDF files from the [Start] menu on your desktop after installing the CX-Programmer.
- The screen views used in this guide may be different from the actual view, and be subject to change without notice.

- The product names, service names, function names, and logos described in this guide are trademarks or
registered trademarks of their respective companies.

- The symbols (R) and TM are not marked with trademarks and registered trademarks in this guide respectively

- The product names of the other companies may be abbreviated in this guide.
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Introduction

This section provides information that can be used when creating function blocks (FBs) and using the Smart FB Library with a SYSMAC
CS1, CJ1-H, or CJ1M Series CPU Unit (unit version 3.0 or later) and CX-Programmer version 5.0 or higher.

Features of OMRON Function Blocks

OMRON function blocks can be written in ladder language or ST (structured text) language, and conform to the IEC 61131-3 standard. The
function blocks provide functions for more efficient design and debugging of the user equipment, as well as easier maintenance.

| Design > Debugging | Maintenance

!

IEC 61131-3 (JIS B3503) Compliance

PLC Program Development Steps and Corresponding Functions

Smart FB Library

The Smart FB Library is a set of function block elements that improve interoperability between OMRON PLC Units and FA components. If
this library is used, it is not necessary to create a ladder program to use basic Unit and FA component functions. This enables the user to
reduce the time spent on previous task, such as determining how to use the device’s functions. (CS1/CJ1H unit version 3.0 or later and CX-
Programmer version 5.0 or higher)

Online Editing of FB Definitions

FB definitions can be changed during operation, so FB definitions can be edited quickly during debugging. In addition, FBs can be used
with confidence even in equipment that must operate 24 hours/day. (CS1/CJ1H unit version 4.0 or later and CX-Programmer version 7.0 or
higher)

Nesting

Not only can programs be created with nested OMRON FBs, it is possible to make easy-to-understand, stress-free operations by switching
windows depending on conditions and displaying structures in a directory-tree format. (CS1/CJ1H unit version 3.0 or later and CX-
Programmer version 6.0 or higher)

Protecting FB Definitions

It is possible to prevent unintentional or unauthorized changes or disclosure of the program by setting passwords for the function block
definitions allocated in the project file and protecting the definitions based on their purpose. (CS1/CJ1H unit version 3.0 or later and CX-
Programmer version 6.1 or higher)

Offline Debugging with the Simulator
The PLC program’s operation can be checked on the desktop, so program quality can be improved and verified early on. Both the ladder
and ST can be executed in the computer application. (CX-Programmer version 6.1 or higher and CX-Simulator version 1.6 or higher)

String Operations for Variable Support
The functions that perform string data operations in ST language not only support string variables, they also strengthen the instructions
(functions) used to communicate with string data 1/0. (CS1/CJ1H unit version 4.0 or later and CX-Programmer version 7.0 or higher)

FB Generation Function
Existing PLC programs can be reused and easily converted to FBs. (CX-Programmer version 7.0 or higher)
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OMRON FB Library

1. What is a Function Block? I

“Function Blocks” are predefined programs (or functions) contained within a single program element that may be

used in the ladder diagram. A contact element is required to start the function, but inputs and outputs are editable
through parameters used in the ladder arrangement.
The functions can be reused as the same element (same memory) or occur as a new element with its own memory

assigned.

Partial Ladder program for machine A |

Control Device 1 \
A1 B1 X1
— | [} O
TIM
|
#0100
T1 b
N £\
Z1
£\
o/ j

Partial Ladder program for machine A

Defining Inputs and Outputs ...

Input

An
Bn

Process (algorithm) Output
Control Device n
1 O— | «
TIM
n
#0100
—IT? é Yn
A
U Zn

Control Device 1

P On

A1
B1

Device Control
EN ENO
A X
B Y

z

X1
IIY1
IIZ1

Allocate to
Ladder
program

) Sets input / output
Control Device 2} parameters

Function Block

Instance (cal

| statement) ]

/
Pron Device Control
1 == EN ENO
A2 ™A X
B2 ™ B Y
z

- X2
T Y2
' 22

Produce template

>
Function Block definition J

\

Device Control
=1 EN ENO |jm
—_— A X =
- B vy —
7z -

Function Block definition --- This contains the defined logic (algorithm) and 1/O interface. The memory addresses are not allocated in the Function Block Definition
Function Block instance (call statement) -+ This is the statement that will call the function block instance when used by the ladder program, using the memory allocated

to the instance
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2. An Example of a Function Block

The following figures describe an example of a function block for a time limit circuit, to be used in the ladder. It is

possible to edit the set point of the TIM instruction to reallocate the set time for turning off the output in the ladder
rung. Using the function block as shown below, it is possible to make the time limit of the circuit arbitrary by only

changing one specific parameter.

By enabling the input parameter to

Ladder diagram be editable, it is possible to allow
an arbitrary time limit circuit.

000.0 TIM0QOO TIM ;
— | >H 0000 I P_On PULSE
#0020 — — EN ENO
Start Q = 001.00
001.00 000.00
001.00 #0020 Time
£\
\
Timing chart
_T Start TF
000.00 e ;HE TIM —
v T FB
Time
001.00 Q
< > e 1
2.0 sec Q

A function is also provided to generate function blocks based on existing ladder programs.
For details, refer to Overview of Helpful Functions, Generating FBs Based on an Existing Ladder Program.
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3. Overview of the OMRON FB Library

The OMRON FB Library is a collection of predefined Function Block files provided by Omron. These files are

intended to be used as an aid to simplify programs, containing standard functionality for programming PLCs

and Omron FA component functions.

3-1. Benefits of the OMRON FB Library

The OMRON FB Library is a collection of function block examples that aim to improve the connectivity of the
units for PLCs and FA components made by Omron. Here is a list of the benefits to be gained from using the
OMRON FB Library:

(1) No need to create ladder diagrams using basic functions of the PLC units and FA components
More time can be spent on bespoke programs for the external devices, rather than creating basic
ladder diagrams, as these are already available.

(2) Easy to use
A functioning program is achieved by loading the function block file to perform the target functionality,
then by inputting an instance (function block call statement) to the ladder diagram program and
setting addresses (parameters) for the inputs and outputs.

(3) Testing of program operation is unnecessary
Omron has tested the Function Block library. Debugging the programs for operating the unit and FA
components for the PLCs is unnecessary for the user.

(4) Easy to understand
The function block has a clearly displayed name for its body and instances. A fixed name can be
applied to the process.

The instance (function block call statement) has input and output parameters. As the temporary relay
and processing data is not displayed, the values of the inputs and outputs are more visible.
Furthermore, as the modification of the parameters is localised, fine control during debugging etc. is
easier.

Finally, as the internal processing of the function block is not displayed when the instance is used in
the ladder diagram, the ladder diagram program looks simpler to the end user.

(5) Extendibility in the future
Omron will not change the interface between the ladder diagram and the function blocks. Units will
operate by replacing the function block to the corresponding FB for the new unit in the event of PLC
and the FA component upgrades, for higher performance or enhancements, in the future.

A fixed name can be named to the processes.

CurrentTemparatureOfii<Heater
E5202_ReadFy/ 4\ It is not necessary to create the basic ’

i oy ®Q__communications program.
wioom g0 gm BO0L) 71101/

& |ENT Bogy|  wion2

2 | ©ogL | winogs

&2 (oM 0100

: INPUT/OUTPUT data is clear.
Parameters are easy to understand and edit.
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3-2-1. Example of using the OMRON FB Library - 1

Controlling the predefined components made by Omron can be easily achieved from the PLC ladder diagram.

- Ability to configure low-cost communications (RS-232C/485)

CS/CJ Series "l FB Access by Function Block
PLC

Example: Communication between
Temperature controller and PLC

Gurrent TemparatureOfHeater
_EBxx202_ReadPV
W100.00 ]b] (B
W100.01 &10 | gﬁilgelect (Bé'])%‘; | W 07.01
&1 ggﬂ?lo (BO%L.% 100.02
&2 _?8}5)0 (BO% W100.03
2 e ongy oo

Serial communications (Compoway/F protocol)

—
= 0 oo
SSS a * 5 —|_C:(] loool C:O
Temperature a . le |:| X
controller } N __
Smart sensor [1 I Vision sensor -

oo

Omron Components |
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3-2-2. Example of using the OMRON FB Library - 2

High performance communications can be made by DeviceNet level.

- Ability to communicate between PLC and DeviceNet slaves easily.

Access by Function block

CS/CJ series
PLC Example: data exchange between

PLC and the slave devices

ONTimeReadforsx
_Dret204 GetONTime PV

W102.00 oLy B
| P W

w201
— Bt Q] vnoeon

Communicate between - 2
PLC and the devices oeho

(BD%[& 10202

(EO% W10203

w Dll\g@ oo
Bl

)
ExplicitError

DeviceNet

coa| Temperature

EH

a_h controller
Generic slaves such as 10 terminal PLC Wireless

Inverter

bu=




3-3. Content of the OMRON FB Library

The OMRON FB Library consist of the following:

3-3-1. OMRON FB Part Files

OMRON FB Library

The OMRON FB Part file is prepared using the ladder diagram function block, for defining each function of
the PLC unit and the FA component.
The files contain a program written in ladder diagram and have the extension .CXF.
The file name of the OMRON FB Part file begins with *_’ (under score).
When the OMRON FB Library is installed onto a personal computer, the OMRON FB Part files are

classified in the folder appropriate to each PLC Unit and FA component in the Omron Installation directory.

~loi
| Fle Edt vew Favortes Took Help |
| wpack - = - 5| Qsearch [GhFoders ey | B I X = | E-
| address |a CPU = P |
Falders x| | Mame_+ | Size | Type -
=1 OMRON |s]_cPunn1_TP_BCD.cxf ZKB CXF File
£ Cx-Programmer ] _cPuon1_tp_8cm.pdf SSKE  PDF File
] cx-server ] _cPUDDZ_TR_BIN.cxf ZKB  CXF File
B b s8] _CPUODZ_TP_BIN.pdf S5KB  PDF File
=0 FeL _CPLION3_TON_BCD.cxf ZKB CXF File
=2 omraniib CPUDD3_TOM_BCD.pdf S5KE PDF File
{1 Barcode Scannsr _CPUON4_TOM_BIN cxf 2KB CXF File
B Iwerter _CPUOD4_TON_BIN.pdf SSKE  PDF File
L] Laser sensar _CPUDDS_TOF _BCD, cxf 2ZKE CXF File
adrnc _CPUIDDS_TOF_BCD.pof S5KB  FDF File
] _cPunns_ToF_BIn. o ZKB CXF File
] _cPunns_ToF_BIN pdf SSKE  PDF File
=] _CPUDD?_MakeClockPulse_BCD.cxf ZKB  CXF File
B3] Posttion Controlle! [#]_CPUDDT_MakeClockPulse_BCD.pdf S5KE  PDF File
2 Remate 10 ] _cPun0s_MakeClodPulse_BIN.cxf ZKB CXF File
1 reid s]_cPUDDE_MakeClockPulse_BIN.pdF S5KB  FDF File
- ServoDrives | ] _CPUDID_SendData.cf 7KB CXFFile sl
-] Temperature Con | | ] _CPUO10_SendData.pdf SSKE  PDF File
-] vision Sensor =] _CPUD11_RecieveDats.cxf TKB CXF File
{1 Outlook Express [=]_cPUD11_RecieveData.pdf S5KB  PDF File
(£ windows Media Player ] _CPUD1Z_SendCommand.of 8KB CXFFile
1 (21 windows NT 7 !;? CPUO1Z SendCommand.pdf S5KB FDF File _'j
4 | B Kl | 3
126 object(s) {Disk free space: 1,79 GB) [ets ke 'S My Computer v

3-3-2. Library reference

The library reference describes the operation specifications of the OMRON FB Part file, and the specifications
of the input and the output parameters for each. The file format for this is PDF.
When the OMRON FB Library is used, the user should select the OMRON FB Part file, set the input / output
parameters, and test the program operations referring to the library reference.

({173
200

| Read Data Carrier Data _\/60x200_ReadData

FB name

_YE00_ReadData

Svmbol

Stan tigger _\B0n200_FezdData
t (BOOL) (ROOL)
| NG |
— Liit No i ool Busy Flag
— it —
Head Ho. — (i} by [ Mamal end
Dota Carier read address —| maDdRNE'J (BUDUE I~ Emorend
Camierdddrass NG | Emorcode
Butesto read fom Data Carer —| 27 WORDY [ ey oo vt
Fiead data storage ara tpe —| hamrhes BrorCode
Read data storage word address —| (slﬁﬁmmn
Communications designation — (S,ﬁﬁma'h
Commurications
Processing designaten —
By=Ordler
cameel — @000
Cancel

File hame

¥Lib¥FBL¥English¥ommnlib¥RFID¥/E00¥ VEDxZ00_ReadDatal 0.cxf

Applicable
models

CETN-YEDDCTIAEN0CTZ and CITARSYEDDCTIAVEDDCT 2 1D Sensor Units

Basic function

Reads data from a Data Cartier.

Conditions for
usage

Other
* This FIB cannot be executed ifthe ID Sensor Unitis busy. The NG Flag will turn OM if an attempt is
made.

Function
description

Data is read from the specified area ofthe Data Carner specified by the Uni No. gnd Vendor No.

Upto 2048 bytes (1024 words) can he read at one time.

The waord designation for storing the data is specified using the area type and beginning word address. For
example, for 01000, the area type is setto P_OM and the bedinning word address is setto &1000,

ERTnpUt
condition

Connect EN o an OR between an upwardly differentiated condifion for the starttigger and the BUSY
output from the FB.

Resirictions
Input
wariahles

« Always use an upwardly differentiated condition for EN

« [fthe input variables are out of range, the ENO Flag will turn OFF and the FBwill not be processed

o Always specify & head humber of &1 for One-Head ID Sensor Units (CS1W-¥E00CT1 and
CJTW-VEDDCTT).
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3-4. File Catalog and Where to Access the OMRON FB Library

3-4-1. Catalog of OMRON FB Library files

Type Target components

FA components Temperature controller, Smart sensor, ID sensor, Vision
sensor, 2 dimensions bar code reader, Wireless terminal

PLC CPU unit, Memory card, Special CPU IO unit (Ethernet,
Controller Link, DeviceNet unit, Temperature control unit)

Motion control Position control unit Inverter Servo motor driver
components

3-4-2. CX-One / CX-Programmer installation CD or DVD

OMRON FB Library is contained on the same install CD or DVD as CX-One / CX-Programmer.
Installation can be selected during CX-One / CX-Programmer installation.

Install CD or DVD

3-4-3. Accessing OMRON FB Library files from Web server |

The latest version OMRON FB Library files are provided by Omron on the Web server.
New files will be added to support new or enhanced PLC units and FA components.
The download service of the OMRON FB Library is provided as a menu on our Web site.

Web server

The internet

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII';‘ \

The internet
.IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII> X
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Offline Operation

Explanation of Opening a Import Creating a
target Program new project FB Library program Program Check

1. Explanation of the target program |

This chapter describes how to use OMRON FB Library using the OMRON FB Part file ‘Make ON Time/OFF
Time Clock Pulse in BCD’.

1-1. Application Specifications

The target application specifications are as follows :-
- Pulse is generated after PLC mode is changed to‘run’ or ‘monitor’ mode.
- Output the pulse to address 1.00.
- On time of generated pulse is set at D100.
- Off time of generated pulse is 2 seconds.

1-2. Specifications of the OMRON FB Part file

The OMRON FB Part file ‘Make ON Time/OFF Time Clock Pulse in BCD’ has the following specifications:-

CPU Make ON TimefOFF Time Clock Pulse in BCD
aw CPU007_MakeClockPulse BCD
Basic function | Generates a clock pulse with the specified OM time and OFF time and outputs itto ENO.
Siba Aways ON(P_On) _CPLO0?_Meke ClockPulse_BCD
ot Gooy ————O
Obtime onit: 100 msy — ol o
OF Ftime gunit: 100 ms) —| [?I:’EEI;J
OTime
File hame *LikF BL¥EnglishFommnlib¥PLCECPUE CPUDDY _MakeClockPulse_BCD10.cx{
Applicable CS1-H, GS1-H, and GJTh GPU Units
models
Condfions for | PLC Fropetiies
usage + The PV update method for tirmers and counters must be setto BCD in the PLC Setup
£ compiling error will oceur if BCD made is not set.
The mode can be setin the PLC Properties in the Cx-Programmer.
PLG Properties |
2‘ General | Protection | Function Block |
towe K o
Toe GSTGAGPUN —  yei || € Doowe
Pl ;Ew«
- uri
I Use section markers L
¥ Display dialog to show PLC Memary Backup Status
I Use [R/DRs independently per task
[~ Execute Timer/Counter as Binary
Shared Resources
+ Timers
Function ENC will he OFF forthe time setin OFF me and then will e OM for the time setin ON fime.
description
EN L]
oFF_| I
OnTime (100 ms)
3
END L]
ore || 1 I R B
e
OffTime (100 ms)
EMinput Connectthe EM inputio the Always OM Flag (P_Om.
condition
Resfriclions + [Tthe inputvariahles are out ofrange, the ENO Flag will turn OFF and the FB will not be processed.
Input + Betthe 0N dime and COFF Bime input variables to between #0000 and #9399 in BCD (100 ms units). Ifa
variahles setting is not within range, ENO is turned OFF.
Application Tnthe Tollowing exarnple, bitAwill be repeatedly ONTor 5 s and OFF for 3 5
SEE Amaye ON(P_tn) _CPLINN?_Niske Clock Pulse_BCO i
I T rwryseprs [CLLH R e ——
Ohire danit: 100ms) _| EN ENG
#50 | (ORD)
OFFtime gint: 100ms) _| inTime
#30 | qwoRD)
Offfime
Related FBs Use the correct FB for the fimericounter Py update rode setin the PLC Sefup
Binary rrode
hiake OM Time/OFF Time Clock Pulse in Binaty (_CPUO0E_MakeClockPulse_BIN)
BCD mode:
Make QN Time/OFF Time Clock Pulse in BCD { CPUDDT_MakeClockPulse BCD)
mVariahle Tables
Input Variables
Name “Wariahle name Data type | Defaull | Range Descripfion
EM EMN BOOL 1 (ON): FB started
0 (OFF): FB not started
ONtirme onTirme WORD #0000 1o Specify the ON firme (unit: TO0 ms).
#9999 For example, #30 means 3 seconds
QFF time OffTime WORD #0000 10 Specify the OFF time {unit: 100 ms).
#9999 For exarnple, #30 means 3 seconds
Output Variables
Namne [ Variable name [ Datatype [ Range [ Description

|
END | END [ BOOL | | Tutns OMfor the OnTirne and OFF forthe OffTime. |




Offline Operation

Explanation of Opening a Import Creating a D Program Check

target Program new project FB Library program

1-3. Input program |

Create the following ladder program:-

g [Program Mame ; MewProgrami]

[Section Mame . Sectiont]

Wiorklnput TimingGeneratar

_ZPU0OY _MakeClockPulze_BCD

P_Cn (BOOL) (BOCL) 1.00
|| =] ENO S
Alvways OM Flag
100 MORDY
JonTime
i ’ #10 CWORD!
JOffTime

[Reference] If created as a straightforward ladder diagram, the program would be as below:-

2 Wyi0.00 TOoo1
7l | A .
Check OM time... | O time timer TIrA Timer
oooo CFF titme:
Titmet n
#0020 Set walue
TOooo
] 1
1T .
CFF time timer TIrA Timer
0001 O titme t
Titmet nu
oiog M time
Set walue
1.00
Generate




Offline Operation
Explanation of Opening a Import Creating a
target Program new project FB Library program Program Check

2. Opening a new project and setting the Device Type |

Click the toolbar button [New] in CX-Programmer.

feeocnun(er|assssi[eiResEREEL0[% |
BBk vuw | — 5 a5t L b |6 ]S 1% 4 % E G 0 DG |
B

For Help, press Fi e e e e T

-

Change PLC x|

Device Name

Click the left mouse button. vees® =
...o' — Device Type e,
3 : [cs16/onG i vi’ Settings... >
Metwork Type 3 =
|7|Too|bus _xj. Settings... |
! To use Function Blocks, select the following PLCs: | comment i
CJ2H, CS1G-H, CS1H-H, CJ1G-H, CJ1H-H, CJ1M K =]
[

b 0K 4 .I Canicel | Help |
l:j Settings... |
Click the left mouse button

Device Type Settings [(S1G/CI1G] 1'

=
LR ole
°® ‘...

Click the left mouse button LA R T

to select CPU type. - { !ﬁ
=]

Make Default |

Ok | P N I (D R

Click [OK] to decide
the selected CPU type.

Total Program Area Size
10K [Step) > ™ Read Only

File: Memar
None 'I ™| Fzad @niy

Timer / Clack
¥ Istalled

Expansion Memar
’7 None 'I ™| Fzad @niy ‘




Title bar

Menus

Tool bar

(i

3. Main Window functions

The main window functionality is explained here.

9 yntitled - CX-Programmer - [NewPLC1.NewPrograml.Sectionl [Diagram]]
Ei\a Edit Wiew Insett PLC Program Tools Window Help

=& x|
=18 x|

DeER (SB[ 2r(ac(asn(en|assa(s |[LFR (el DERE L e

sxaSEsEREH W —cpad Ll x|[Bera%hs [ = EET |
BEFRE @S PEE 28|

3

C1[C51G-H] Offline
Symbiols

I Table

= Settings

EEN [Pragram kame : MewPragraml]
[Section Mame : Sectiont]

Project Tree

St Memory

E% Programs

=) @ MewProgram1 {00)
H h gumbal

Section

]

Function Block Definition

~-B@ Sectionl

‘I Function Blocks

[«

>

b Project /4

Comment;: |

Status bar |

3Kl | Mame: 7 Address or Value: |
I

Jrung o{o, 0) - 100%

Foryess Fi [ / [ [

Project Workspace

Ladder Window

[ et

Name Contents / Function
Title Bar Shows the file name of saved data created in CX-Programmer.
Menus Enables you to select menu items.
Toolbars Enables you to select functions by clicking icons. Select [View] -> [Toolbars], display
toolbars. Dragging toolbars enables you to change the display positions.
Section Enables you to divide a program into several blocks. Each can be created and

displayed separately.

Project Workspace
Project Tree

Drop between different projects or from within a project.

Controls programs and data. Enables you to copy element data by executing Drag and

Ladder Window

A screen for creating and editing a ladder program.

Shows Function Block definition.

Function Block Definition

By selecting the icons, you can copy or delete the selected Function Block definition.
¥ is shown if the file is a OMRON FB Part file.
- In the case of a User-defined Function Block, 3tF is shown if Ladder, -g&F is shown if ST.

Status Bar

Shows information such as a PLC name, online/offline state, location of the active cell.
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4. Import the OMRON FB Part file |

Select Function Block definition icon from the project tree using the mouse cursor, right click.
Select Insert Function Block, then select a Library file using mouse to navigate.

Click mouse right button
— Insert Function Block
— Library File

Double click mouse left button.
— [OmronLib]

Select Function Block Library File

E% MNewPraoject

=2 NewPLCL[CSLGE-H] Offline
----- = Symbols

----- §7 10 Table

----- Settings

@ Memary

EI% Programs

E@ MewPrograml (00)

@ Sectionl

------ @ EnD
..[ ..... TF S

Insert Function Black

LETUAr SN MEs . Ney
I [Section MName : Sect

4 Ladder |

oh Cut
Copy
E Paste

Delete

45F Structured Text

From File. ..

|7 Allow Docking

2=

ol x| & ® eF B

_Iomronb:

— [Programmable Controller]
— [CPU]

Select each of the above in
series.

Double click mouse left button

Select the necessary OMRON FB
Part file in the ‘Select Function
Block Library’ dialog.

I The default path of the OMRON FB Library is

File: rrne: a . q
tj | [ g | C:\Program Files\Omron\CX-One\Lib\FBL.

@ Files Bf type: IFuncliUn Block. Library Files(*.cxf) j Cancel y

7
\ 4
Lok in: I@ CPU j L] l‘j‘ ER-

Left Click R T R oY R 1| L7 _MakeClackPulse_BCD. cxf
‘ CPUO007_MakeClockPulse 8] _CPUODZ_TP_BIN, cxf - = =,
_BCD.cxf ] _CPUDD3_TON_BCD.cxf _CPUOL0_SendData.cxf

Left Click the [Open] button

] _CPLIO04_TON_BIM.cxf
] _CPLIO0S_TOF_BCD.cxf
8] _CPUODE_TOF_EIM.cxf

K

_CPUOL1_RerieveData, cxf
_CPUD1Z_SendCommand. cxf
_CPUDL3_PMCR. cxf

File name:

I_EF'LI 007_takeClockPulze_BCD cxf

Files of type: IFunc:tlon Block. Library Files[®. cxf)

~——

Function Block definition ‘*_CPU007_MakeClockPulse_BCD’

is registered as part of the project file.

EI% Programs
{ El@ MewPrograml (000

b

Function Block Definition

e = Symbals

EEE)

I3 sectioni

| fF END

! You can easily check specifications of
OMRON FB part files by selecting
registered OMRON FB part files and [FB
Library Reference] from a pop-up menu
and showing a library reference file.

Eﬂ Function Blocks |
~AF

Open

Save Function Block ka File. ..

@ Campile
Gobo Rungfsten, ..
& aut

Copy

E Paste:

_CPUDOT_MakeClackPulse_BCD

Delete

Rename:
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5. Program Creation |

Confirm cursor position is at the upper left of Ladder Window to start programming.

% Untitled - CX-Programmer - [NewPLC1.NewProgram1.Sectionl [Diagram]] - |D|L|
[H File Edt View Insert PLC Pragram Tools ‘MWindow Help =] =l

FEEEEIEEEEIEET
=l [o

% [Program Mame : MewProgrami] =
[=]-288 MewPraoject —

E‘@E NewPLC1[C51G-H] Cffline [Seqtion r&ame : Sectiont]
54 Symbols e Ce,

wn
by
=
a
@

e®%e

Mernary

=% Programs

E‘@ MewProgram] {00}
-2 Symbols

----- P sectionl

=1-4F Function Blocks
- _CPU007_MakeClockPulse_BCD —

o
Kl | >

Project / x| 4 Narme: | Address or Value: Carmment:

Foar Help, press F1 | \NewPLCl(Net:D,Node:D) - Offline | | |rung 0in, 0 4

5-1. Enter a Normally Open Contact |

essccsecscese Press the [C] key on the keyboard to open the [New Contact] dialog.
Use the dropdownbox to select the “P_On” symbol.

(@

-1 |- Mew Contack

-
]
5

X
esecsccsccccccccccccccee “:l i) j D§t~3“>>| Eancell

G.

ENT

Deleting commands

* Move the cursor to the command and
then press the DEL key or

o Move the cursor to the right cell of

| rasafesasasaiasnn the command and press the BS key.

P_On

Alvways QN Flag

“P_On” is a system defined symbol. Its state is always ON.
0 of the upper digit of an address is omitted when shown.

[.] (period) is displayed between a channel number and a relay number.
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5-2. Entering an Instance |

eecceeeee Press the [F] key on the keyboard to open the [New Function Block Invocation] dialog.

Mew Function Block Invocation XI

Enter text to create an FB FE Instance: Il j LI
'E‘sttg:‘k‘fﬁp”u‘ﬁ;n oGenerator] FE Definition:  |_CPUO07_MakeClockPulse_B - |
[ Applies a name for the specific
process in the diagram.

<

eecseeccss Shows FB call statement ‘WorkInputTimingGenerator’.
0

(=

a [Program Mame : MewProgrami]

[Section Mame ; Section]

P
P_Cn
—]

Alvways O Flag

g OO B 0

5-3. Entering Parameters

(BOOL)
ERl

Alwearys OR Flag

(WORD)

onTime

n or ENT

Move the cursor to the left of input parameter.
JOftTime
| |
N x
nter the address.
4100 j Dgtail>>| Cancel
100 [_ok | conce |

| Ny
P_on (BOOL)
ERr

U

{

Alweays OR Flag .
ENT Choose an address for the input
0100 (PORDY parameter ‘OnTime’.
T HonTime
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target Program new project FB Library

Enter the remaining parameters in the same way.

Wiorkinput TimingGenerator

_CPUNDY _MakeClockPulze _BCD

P_Cn (BOOL) [BOOL)
EM EMO L
Alvvays ON Flag

o100 PWORD)
OnTirme - Time:

=\

Q

{

j Dgtail>>| Cancel

Please add the following prefix for
entering constants as parameters:

“#” (Hexadecimal/BCD)
Wiorklnput TimingGenerator Or

{
|

m
P4
jur}
| |

_CPUDNT_MakeClockPulse_BCD “&” (Decimal)

[
P_on (BOCL) (BO0L]
= RO

I 1

1T
Alweays OM Flag
0100 [WMORD)
onTiime -CnTime

#10 ORD)

U

x

1.00 % j Dgtail>>| Eanu:ell
< _=

(

ENT x|
1.00 G ted pul =
[Generated Pulse] I I enerated pulsel = Ok I Cancel |

{

Workinput TimingGener ator
ENT _CPUAOT _MakeClockPulze _BCD v rrersssrsnrrnnsannenan,
P_On (BOOL) (BOGL) 1.00 :
En EMOL— ™ Genersted Pulzd

11
1T
Alwways ON Flag

D100 QORD)
onTime JonTime
#0 QORD)

HoffTime
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6. Program Error Check (Compile) |

Before program transfer, check for errors using the program compile.

ntitled - CX-Programmer - [NewPLC1.NewProgramil.5ectionl [Diagram]]

File Edit Yiew Insert PLC Program Tools Window Help

— DEERSR|[s2B|22 [ Aa%T|2|assalsn pnpn
Click §22 | =eeecereseedracor @ TTarzs M R AT s 1pwie 1220 0rgr B e e seofii | @ i 4
R R =
EENE [Procram Mame : NewwProgram1]
- ewProjec! 0
= %g;! ISEVJPL':CI[CSIG-H] OFfline

[Section Matne : Sectiont]

=4 Symbols

=

9% |ntitled - CX-Programmer - [NewPLC1.NewProgram1.Section1 [Diagram]]

=101 %]

[ File Edit Wiew Insert PLC Program Took Window Help &=l
DESH(h Shls2B (2 A2 R’-’HJ&.&%%H& I |BAE (228 BREE |4 B

I:j aafEEEmE® R rnew | —opETELX||2 o ers M BEEE

CEFRS s =08 L

sl [0 [Program Name - NewProgram] =
488 NewPraject 0
=-ER NewPLCI[CS1G-H] OFfline

[Section Name : Section1]

L. WorkinpLtTimingGenerator
Seftings
< Memary _CPUONT_MskeClockPulss_BCD
=9 Programs B en (B00L) BooL) 1.00
=] @ MewProgrami (00} — | EN ENO G
% Symbols Always ON Flag
B3 sectionl

oo (MORD)
e OnTine  {OnTime
=-IF Function Blocks

L ¥ _CPUN07_MakeClockPulse_BCD

#10 (ORD)
HOffTime
nonn 400 hd
J4l | C
b Project / 2d [ Ge5al Name: P_on Address or Yalue: [CF113 Comment: [Always ON Flag
TE ection Hame - Secton!] =N\
| WARNING: Duplicated output - OUT 1.00 &t iung 08,

1
WAH_NING Duplicated output - OUT 1.00 at mng 1 (8, 0]
Errors and addresses are } [Section Name : END]

LN

" N . [PLC#Pragram Mame : MewPLC1/_CPUO07_MakeClockPulse_BCD]
displayed in the Output Window.

NewPLCT - 0 enors, 2 wamings.
The programs have been checked with the program check option set to Unit Yer. 3.0

JA[AT*THT, Compile /4 Find Feport j Transfer 7

For Help, press F1 |NewPLC 1¢Nat:0,Node: 03 - Offline

— =

N |

e 34

[rung 0'(o, 13 - 100%

o

[=-4.F Function Blocks
4 _CPUO07_MakeClockPulse_BCD | [ oo I;Q
. ) g ‘
Double-click on displayed errors, ! \
and the Ladder Diagram cursor in|
will move to the corresponding Project 5 SI[Eobal| Name: WDU Comment: [Generated Pulse
error location, displaying the error

d[[Section Name - Section] / |
rung in red. 2 ['wARNING: Duplicated output - OUT 1.00 st ng 0(6. 1

uBBNING Duplheater autout - 0T 1,00 2bwna 1 (6
[Section Name - END

]
[PLC/Program Name : NewPLC1/_CPUO07_MakeClockPulse_BCD]

NewPLC1 - 0 errors, 2 warnings
The programs have been checked with the program check option set to Unit Ver. 3.0, -
AT THT, Compie A Find Report i Transfer

[ ] For Help, press F1 [NewPLC1{Net:0,Mode:0) - Offine [rung 1 (&, 03 - 100% [ 4

e Output Window automatically opens at program check.

Modify the error. I e The cursor moves to an error location by pressing J or F4 key.

e Output Window closes by pressing the ESC key.
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7. Going Online

CX-Programmer provides three methods of connecting, depending on usage.

Normal online. Enables you to go online with a PLC of the device type and method specified when opening a project. I

Auto online. Automatically recognizes the connected PLC and enables you to go online with a PLC with one button.
— Uploads all data, such as programs, from the PLC.

& [ [>

Online with Simulator. Enables you to go online with CX-Simulator with one button (CX-Simulator must be installed.)l

Online/debug functions when working online with CX-Simulator are

explained in this guide (Install CX-Simulator separately). =Bl
N\ =8|
DEH®| SR +2B (2 [a%s I E DRI EEE e
a o Q||_!_!_IH!_F=H_4H¢HHW-I'L"'£ IEEF e

T B L < % |

CIle | aguns® mu® — - —I-I |El o ‘i[Program Mame : NesvProgrami] zl
ﬂ

Click [OK] S A T e

Include:

[V Poganisl Program transfer starts.
- el Settings
01 1 e =

Program Download to PLC NewPLCT

MO Pragram index

 Swumbols, Comments, Program index————————————————— Download successtul

Transfer TofFrom:  |Memory card 'I

ORRDOOQ00ROPO00000000000000G]
+ Transfer files of all tasks

Click [OK] P

 Transfer files by the task

¥ | Clear program memeny

N [a]Ji54| . NewProgram Section [Diagram{] =18

i o 135 )2 | 2] [ " B1 ]

G Sy —— a2 n|ai@als AR AR Do Gt
SR EEEIE ARV RR T R LU LT IERE R  The background color of
The CX-Simulator @ﬁ@ﬁ‘@ﬁ%ﬁ\&%iﬂ the Ladder Window
Console box is shown. NPt IW’“'M”W el changes to gray.

2 NewPLC1[CS16-H] Moritar Mode
S sywbols  —
§7 10 Table
Sattings
5] memory . _MakeClockPulse_BED
P The operating mode of sy _— 069
PLC Clod] . . EN END
=l the active PLC is shown.
=% Program:
153} NewPragraml (00)
72 Symbols 0000 Hex
& sectiont
#0 RO
B END g/'v'?m)
=1-IF Function Blocks
“4F _MskeClockPuke_BCD

[Section Name ; Section]

Generdte

0100 I0ARD)
OriTime

Scan time is displayed

(except during Program Mode).

|

14

I\ Praject / =4 Mame: Address or Walue: omment: |
For Help, press F1 [ [NewPLC1{Simulator) - Monior Mods: | 7.5ms [SYNC Inung 0(0, 0) - 100% [ WU
Bstart ||| ] @ %3 || Fpzs amplez -Poant | iNew Folder | #pzs_sempez-Pairt|[EDUntitled - Cx-Progra... *HCx Smulater Debug( B2 25




Online
Edit

Sniine Monitoring

to transfer

8. Monitoring - 1

Online Operation

Change the PLC (Simulator)
to Monitor mode.

tled - CX-Programmer - [[Stopped] - NewPLC1.NewProgram1.5ectionl [Diagram]]

The on/off status of contacts and coils can be monitored.

=l x|
=18 %]

w o]

— Fi\e Edit Wiew Insett PLC Program Tools Window Help
Click %l @ > oo o Erabe e vhe & Fr + 4o Re@rle v 4 47 38 £ €N o fE @M-'b-wmm-l-ﬂ»-ﬁ-«f-l@em Fle

a o Q|FFFM|:ﬁ|r4r%uuw | —ooaadl x |[Eleaas s

Eﬁ@ﬁ\

CRERE % 2E B 1028 |
= - EH] |D n ‘i[Program Mame : MewProgram1] j

=

CX-Programmer ¥5.0

=

This command will affect the state of the connected PLC,
Do you wish bo cantinue

Click [Yes].

If your program has a large volume of data,
the scroll speed of the screen may become
slow when monitoring.

To resolve this, click the icon below to cancel
monitoring, scroll to the address you want to
monitor, then restart the monitor mode.

L . .
|rcrm -+» toggles PLC monitoring on/off
TG - AT TOUT IS [[:lupptuj NewPLC1.NewProgram1.Sectionl [Diagram]’ =13l x|
D File Edt View Insert PLC Program Tools ‘Window Help i IES
TR EE Y L o=t u\@,@mmﬁ@\l_mm.m|",{,m\eamﬂ
a0 Q= R & A e | —OQMI—M ji= e
mERRE |5 20 B0 s | The monitored area is
=l o [Program Kame : MewProgram1] d|SP|ayed Ina speC|f|ed =
=58 NewFraject 0 color —
EHE'Q NewPLC1[C51G-H] StopfProgram Mods [Section Mame : Section1] :
-5 Symbols
: ISOet.tr\:ZI: WorkinputTimingGenerato
1B} Memory card _CPUOO7_MakeClockPulse_BCD
[Py Error log P o 100
ch ack il i R8 G
@ Mermairy Always O Flag
=% Programs
=51 NewProgram1 (00) Stopped OI:!riDrSa ,%;23
; Symbols 0000 Hex |
Sectionl * RO
P En -g!vfc')nme)
£ Function Blocks
L ¥ _CPUDN7_MakeClockPulse] e CUrrent VaerS Of
rameters are shown.
K1 | _>|_I
Y, Project / =i Mame: Address or Value: | Comment: |
For Help, press F1 [NewPLC1{Simulator) - StopjProgram Mode [ [s¥nC [rung 1 (0, 0) - 100% [z
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9. Monitoring - 2 Change Parameter Current Value

Change the current value of contact/coils or word data in the Ladder Window.

Winrkinput TimingGenerstor
_CPUDDY_MakeClockPulse _BCD
; _n (BOOL) (BOoL) 1.00
f } } : Em EMC
o Bbovays OF Flag =
A = sy u] = [WORD)
Move the cursor to the input ®eeesespecececece o rine = J{OnTime
parameter ‘D100’. i 0000 Hex :
#10 ORD)
JOfTime

Click mouse right button and
select the menu item

[Set/Reset(S)]
— [Setting Value (V)] -

Or

\ 4

Double click mouse left button. Change the current value of Input

parameter.
Set New Yalue x|
A
Address: |D1UU Set > > Click [Set] |
Or
Data type: IUINT / j Eancel |
ENT Vake: [0 Pleage add the following prefix for
entering constants as parameters:
#0 ta HFFFF [1CH] “#” (Hexadecimal/BCD)
Or
tj “&” (Decimal)
Wiotkinput TimingGenerator

_CPUDOY _MakeClockPulze_BCD

P_On (BOOL) (BOOLY 1.00
|} EM EMC
Alwearys OM Flag
7 100 ANMORDY
; onTime : onTime
7 0020 Hex
(WMORCY)

JOffTime




Online Operation

Online Monitori Online
to transfer onitoring Edit

10. Online Editing

Move the cursortothe rung eeeee
requiring modification.

You can also select multiple
rungs by using the Drag & Drop
facility with the mouse.

—J

Select [Program] — [Online Edit]
— [Begin]

e00c0c0ccccccccccccccoccco,
B AR

Shortcut: [Ctrl]+[E] 0
o [Program Mame : MewwProgram1]
[Section Mame : Section]
..oooooooo{.
Move the cursor to the coil dececdossedloceslecscscocess o...ccccccoooo..: :
.
you want to modify. Double Always ON Flag :. R

click the left mouse button. D100 )
CnTime
o020 Hex Double click
#10 ORD)
- 3

Select [Program] — [Online Edit]
— [Send Change]

U

Shortcut: [Ctrl]+{Shift]+[E] YT IIITIY)
P_On .
Alwvays O Flag E
D100 °
onTime
0020 Hex
#10

End
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1. Explanation of target program

This chapter describes how to customize the OMRON FB Library using the OMRON FB Part file ‘Make ON
Time/OFF Time Clock Pulse in BCD'.

1-1. Changing File Specifications

The OMRON FB Part file ‘Make ON Time/OFF Time Clock Pulse in BCD’ is designed to repeatedly turn off
the ENO for the specified OffTime (unit: 100 msec) and on for the specified OnTime (unit: 100 msec). In this
example, the OMRON FB Part file will be changed to output an invert signal by adding the output parameter
‘INV_ENO'.

EN ON

OnTime(*100ms)

ENO ON
F

_

]
OffTime(*100ms)
I
I
}

INV.ENO  ON
OFF '
|

]
i

1-2. Changing the contents of the OMRON FB Part file

To satisfy the requirement described above, the following changes must be made to OMRON FB Part file
‘Make ON Time/OFF Time Clock Pulse in BCD’
1. Add an output parameter ‘INV_ENO’.
2. Add ladder program to output the ENO for inverting the signal.

Caution

In particular, when you customize OMRON FB parts, read CX-Programmer Operation Manual: Function
Blocks and Structured Text before customization to sufficiently understand the specifications of the FB
function. After customization, further, please be sure to sufficiently verify the operation for the created FB
definitions before proceeding with the actual operation. OMRON cannot guarantee the operation of
customized OMRON FB parts. Please note that we cannot answer the questions about customized
OMRON FB parts.




Copy of FB part

L)

2. Copy the OMRON FB Part file

Import the ‘Make ON Time/OFF Time Clock Pulse in BCD’ Function Block Part file as explained
in Chapter 1 (FB definition name: _CPU007_MakeClockPulse_BCD)

Select the OMRON FB Part icon
¥ then right click the mouse. eeeeesee
— Copy

-
—

Select Function Block Definition
icon and right click the
mouse.

— Paste

The OMRON FB Part file is

pasted.

Select pasted Function Block

icon ItF and click mouse right *..,
button.

— Rename
[MakeClockPulse_BCD_INV]

—J

Select pasted Function Block
icon and right click the mouse  *.,

button. ‘e,
— Property

Or

o @

_%v MewProject

=- @E MewPLC1[C51G-H] Offline
24 Symbols

ERE

T 10 Table
Settings
Gjﬁ Memory
[—]% Programs
=8 ‘@ MewPrograml (00)
; ----- =) Symbols

EEE)

------ @ Section]l

...... @ EMND

I'_—'Iﬂ:F Function Elocks
pocceccccce Ik TPUONT_MakeClockPulse BCD

E‘ﬁv MewProject

=-ED MewPLC1[CS16G-H] Offline
- Symbols
7} 10 Tahle
Settings
{9 Mermaty
=~ % Programs
‘@ MewPrograml [00)
o symbals
@ Seckionl

..-Fg END

_CPUNO7_MakeClockPulse _BCD
Copy_CPUN07_MakeClockPulse_BCD

@ Change the FB definition name.

El % Programs
LB @ MewPrograml (00}
LS4 Symbols

ERE)

@ Sectionl

- END

El ﬂf Function Blocks
- CPUDD? _MakeClockPulse BCD

‘o JEH MakeClockPulse_BCD_IMY]

=

g L

EI Q:F Function Blocks
- JF  CPUDO7_MakeClockPulse BCD
T

Note:

The user can’t create Function Block Definitions
With name starting *_’ (underscore).

Please use names not starting with *_".

Enable editing of the internal FB Program code.
£
f] General |Eomrnents| Memory |

MakeClockPulse BCD

Name:

@isplay the inside of FB

A

Tick the check box using the left mouse click. I
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3. Add a variable to the Function Block

..| Variable Table
o
Open the Function Block Ladder Editor.
I Untitled - CX-Programmet - [NewPLC1.MakeClockPulse_BCD_INY [FB Ladder]] = x|
IE Ele Edt ‘iew Insert PLC Program Tools ‘Window Help ' & x|
DEE|R(eR sedac (a2 |asea) u\u&ﬁmmv@\@mw | b e |
caQl [slEmER G ) .—?f’.‘éi‘.ﬂf‘—"‘lll.“J@- Infuziez) RERS |
—JJ 4 Name | Data Typs [ AT [ Initial Value [ Ref Cnmmer\t | "o
. = |PER BOOL cron3 Error Flag ]
OpenS the FunCtlon &-H] Offline Trp_Diata WORD Q IMultiple area of use For inkernal... []
q T TIMER. OFF 1 It
Block Ladder Editor. Tlﬂjﬁ TIMER: O e meaensmert tes 5
Ok Bit BOOL FALSE #rea check OK Flag =
" 2 |onsir BOOL FALSE Bt for output b
el MewProgrami (00) "
= symbols | @ i vae chack &
- Section1 1 0 il 1 o
. ) & enp 4 I BIND23) || BCD Ta Binary
Select the Function Block icon 2 Funcion s : AR || swccwers
E keClockPul =
using the mouse cursor and - 1 P e I o .
double click the left mouse button. s Tmebeta || Resuttword .
n btiole erea. .
" Ok_Bit »
[} _{/‘ L]
: Error flag Area check OK. :
b okt .
3 srea cm‘k oK. BIN@23) || BCD Ta Binary ;
n TFTme | | Sourcs ward "
n n
" OFF time "
L Tmp_Data Result word .
n "
b bt sres o
1 PER Ok_Btt .
: Errer flag Area chack OK 2
L[ Circuit execution »
: 10 Ok_EIIII Tu& b :
3 brea check oK ..’DN tine measur.. Q T"‘" Timer .
. Tim = Timer number -
.
The original OMRON FB Part file is also able to display o e i e E
. L . u
its ladder program, but cannot be edited. T ncdress or value: | o Comment: [BOL: Corkrok execution of the Funchon Bock, o
LT ;-;-oi‘l-a-------\-----h---#mgn‘nganiﬂm--#--------h 1NEM

=

Variable table

.
®e
®e

““reeeeod | adder Editor

Mame | Data Tvpe | AT | Initial Yalue | Retai... | Cammenk

EMO BOOL FALSE Indicates successful execution ...
Select Output tab in Variable —
Table using the mouse cursor s epeecnemaieseqesepere Externals

And click the left mouse button.

- =

Enter a new variable name.

Click the left mouse button and New ¥Yariable
select Insert Variable(l).

Mame:

Diata Tupe:

Uszage: IElutput j Advariced s _|
Imitial 4 alue: IF.&LSE "I [~ Betain

{

» Select BOOL for bit data.

Comment:
Inverting output of EMO| ;I
e
. . Marme | Daka Type | AT | Initial Yalue | Retai. .. | Comrment |
Confirm the entered variable is
t EMO BOOL FALSE Indicates successful execution ..
correct. 0 ing oukput of ENO
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4. Changing the Function Block Ladder

Add the required ladder diagram on Function Block Ladder edit field.
Move the cursor to the left column of the next rung.

Mame | Data Twpe | AT | Initial Value | Retai... | Commenk |
P_0_02s BCOL 0,02 second clock pulse bit
F_0_1s BC0L 0.1 second clock pulse bit
P _0_Zs BCOL 0.2 second clock pulse bit
P 1min BOOL 1 minuke clock pulse bit
Internals | Inputs | Qutputs Externals
1 Execute rung
10 Ok_Bit Tim_k
17| | 4
10 I i
Range Check O DK time calcula... 1 Lk
Tim_a Timer nur
COFF time cal...
CffTime Set value
Ot tirme #00....
Tim_a
1] 4
I .
OFF time caloul... UL ULz
Tim_k Timer nur
R time calc...
CnTime Set value
O tirme: #00....
On_Bit
vy
Output Bit
2 Output resutts ta ENG
13 Ok El'rt on_Bit EMD
|
- ---J-h--- L LS
& |[Range Check O, ‘_Output Bit Inclicates succe..
4-1. Entering a Contact |
-1/1- New Closed Conktack |
I:j IENE|| vI Detail »» Cancel
] *lleves check oK., B for g
fa s
EMC e 7
21 : :
” F
ENT i 4 -
ndicates succe .3 s
R
—J 2|
n -{ J- New Coil %]
[INv_ENG] - | Detail »> Carcel
INV_ENO -
bt tor output Andicates sUCce...;
1= o [
21
ndicates succe. . In\rer‘tlng output .. |
I

ENT
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4-2. Checking Usage Status of Variables

As with main ladder program, you can use cross reference pop-up to check usage conditions of

variables.

2 yntitled - CX-Programmer - [NewPLC1.MakeClockPulse_BCD_INY [F Ladder]]

s |
[P File Edt View Insert PLC Program Took ‘Window Help -8 %|
Ded®R(eRsmejzc(nunt|azsstnEidtr g TEEm |5 uln s |
s EEEER R4 —opaExl k||2[SE v e n |k EERER |
EFRERPE|E2rPEE 28 5|65
Il [ame [Datatype [ AT [initial va... | Reti... | Comment | =
-3 tewpropet P ER 8oL CFo03  FALSE Error Bt
B BB NewPLCI[CS1GH] Offine Tmp_Daka WORD 0 Duplicated area for internal C....
54 Symbols Tim_a TIMER: OFF time calculate timer
7 10 Table and Unk Setup Tim_b TIMER ON tine calculate timer ||
Settings Ok_Bit BOGL FALSE Range Check OK Bit =
i ON_Fir RO FALSF_ Ouknut hit —‘
< Memory
214 Programs Intenss | Inputs | outputs | Extemas |
-G NewProgram1 (00) 0] okt Tim b |
=) symbols f 11 Tt Timer
| K5 Sectiont ange Check G...oN tin calculs
= T | Tmer num
=5 Function Bocks loFF time cal
AF _CPUDO7 _MakeClockPulse_BCD OFFTme Set value
MakeClockPulse_BCD_INY
o tne 20
in_a
{
OFF tims caicul il Ly
T | Tmer num
[oNime cale... -]
ONTime Set valug
lotstme £00
6]
I o
2 Output resutts to ENO (output variable]
10| oust oo o
— |}
onge Crack 0. Ot
3 o
—i
catse svece
g
. « I3 K _>I_I
Display cross reference he7 T

Nome: [1WV_EN
[NewPLC1{Met:n, Node:0) - OFfine

=

Ok_Bit ON_Bit

Address or alus: | Comment; B00L:

For Help, pres Fi I ung (0, 8) - 100% [ o

pop-up.

Alt +

Move the cursor.

Rengs @A (. @ eOupul bit
ENO ° <

¢ W

4
Project

2| PLC Name NewPLC1
N

Address
aaress | Byeo™ ] Arogramfsetn”

INV_ENC  MakeClockPulse_BC... 22 oul1]

For Help, press F1 [ewPLCT{et:0,Nods:0) - Offine

=

[rung 01(g, 0) - 100% [ [ [um

| PLC Mame :

|N ewPLC1
K
Address

Address I Symbol I ProgramySection I Step I Instruction I
Select LDNOT from cross EMO MakeClockPulse_EBC.,, 20 QUT[1]
reference pop-up by the . ceeeeeeeadne ENO MakeClockPulse_BC... 21 LDNOTL1]
mouse cursor.

You can see that variable ENO is used in an output coil in the step No.20 as well.

]
i =

[
2 Output results to ENC (output variable) ,,,,,,,,,H,,,,,,,,,,J.
18 ok _Bit Qh_Bit E
{ | . a i
[PUR EPRG e OutPt it —p TSI
3 EMD * L (=
| | e
I 0 oy
MeliesAcs €uces.®
4

The cursor in the FB Ladder Editor moves to the output coil in the step No.20.
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5. Transferring to the PLC

Transfer the program to the PLC after the function block definitions used in the program have
been created by customizing the Smart FB Library versions.

9 Untitled - CX-Programmer - [NewPLC1.NewProgram1.Section [Diagram]] i =[] x|
EBEE Edit ¥ew Inssrt PLC Program Jools Window Help P~ =18 x|
[csa|nensmnzcnusev]edsd JrleireseT20E s u|es

[[a o QS0 e R (G Ak pun =28 2] |% % %% 6B E

Illli.@@g&.aﬁa-w‘rﬁ'ﬁ 1049 18 |

Click % | L HE IO i[ﬁogamNam:Nmrngmmu ZI

Download Dptions x|

Clle the eeeccccscsccscccscsccccfiie blewfiislocccccccccccce
OK Button. Include:
. : e Program transfer starts.
T2 b x
WI[E] Cortrents Program Downisad to PLD NewPLET

! 0 Program index

Click the ceseces Symbals, Comments, Program index Diownload sucassshul
®e0cccccccccccce
OK Button ®cccee .T|;1;f;r!|'o'ﬂt_lan‘l' . W&r&rﬂﬂafﬂ' oo E $00c0cccccccteccccncos llllllll.llllllllllllllllllllllllll
®0c000ccccccccccoe
% Trangfer files of all tacks

" Transter files by the task

¥ | Clean program memar

6. Verifying Operation

Right-click to display the Program operation is verified and debugged while changing the value of D100 (ON time), which is
pull-down menu and select specified in the function block’s parameters.

Set/Reset — Set value.

‘Worklnput TimingGenerstor
OR: MakeClockPulze_BCD_MY
Double-click the left mouse o o [Eaet Eoy p.
button. I = ENG
Alwegys ON Flag
7 C00 OIORD) (BOOL) iy .00
2 OnTime FEHTime I _EMO rerting Q...
0100 Hex ; 1
A
#10 (WORD)
OR JOFFTime
ENT

- »  Changes the input parameter’s PV.

Set New Yalue x| *

Addiess:  [0700 / Set > Click the Set

Data typs: |!_|I=4T / ;I Cancel | Button.

Walue: |ﬂanzu When inputting a constant,
always input the # prefix

V

(for hexadecimal or BCD)
or & prefix (for decimal) to
the left of the number.

‘ H#0 to #FFFF [TCH]
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7. Online Editing of Function Blocks

When adding a variable (internal variable) with FB online editing, memory must be

allocated offline in advance in the Memory Tab of the Function Block Properties
Window.

|2? Step

Required Memary: Select Online edit reserved memory. I

Select the function block
definition that you want to
edit online, right-click to

Agzighed area
MHon Retain

Rezened

| Fequired |

display the pull-down menu, ?i?nt:::
and select Properties. Courters

< |

Select the variable area
where you want to add a
variable in online editing,
right-click to display the
pull-down menu, and select
Online edit reserved
memory.

Memory Size Edit for FB Online Edit x|

ID— Cancel |
Reserved memony size [hon BOOLs] : ID

Addresz allocation area : Man Retain

Reserved memony size [BO0Ls]

Edit the function block definition online.

E% MewProjeck

=D MewPLC1[CS1G-H] Stop/Pr

=l
Function block definitions can be edited online only if

Select the function block
definition that you want to
edit online, right-click to
display the pull-down
menu, and select FB
Online Edit — Begin.

the PLC’s CPU

Symbols Online editing ¢

EER)

-} 10 Table and Unit Setu

Unit is unit version 4.0 or later.
annot be used in CX-Simulator.

Settings
~[E] Memary card
%y Error log
PLC Clock
it Memary
[—]% Programs
E@ MewPrograml {00) Stopped
24 symbols

g Section1

@ END

B-TF Function Blocks

f;-el]: _CPUOD7_MakeClockPulse_BCD
- YTF MakeClockPulse BCD IMY

Froject /
Cx-Programmer ¥ 7.0

2

Click the Yes ButtONn. eeeeeccccccccsccssccccccsss

All Instances which were created From the FE Definition will be affect.
Check For the affected Instaces which are listed in the Output window,

Do you start FB Online Edit?

Yes Mo

It is possible that the FB
definition is called from more
than one location, so start
editing only after checking
the output window to verify
how the FB definition is used.
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Edit the program section.

)
—

After editing the program
section online, right-click
to display the pull-down
menu, and select FB
Online Edit— Send
Changes.

—
]

Select the online editing

transfer mode. o

¢ Normal mode:

The FB source information
is transferred.

o Quick mode:

The FB source information
is not transferred.

-
—

Click the Yes Button.

1 Execute rung

10 Ok_Bit Tim_k
1 | H
| N
Fange Check O...ON time calculs... T Timer
Tim_a Timer nur]
(OFF fime cal..

OFFTime Set walue

(OFF time #0...
Tim_a
| H
I
OFF time caloul Tin Timer
Tim_b Timer
O time calc...

CNTime St value

O time #00.
ON_Eit

Output bit

TETTT

rog

bt

C
5

IT Allow Dacking
Hide:

Eloat In Main 'Window

Func
B, Properties P ER
[ M i
11
Errar Bit
Ck_Bit

1T
Range Check O

=

FB Online Edit - Transfer x|

Are you sure want ta transfer the edited program ta the PLC?

 Tranzfer mode

* .. &' Nomal mode [Transfer FB source]

Transzfer takes time, but upload can be done normaly.

" Buick mode [Do not transfer FB Source)

Transfer can be done fast, but it is necessary ta transfer the FB Source
to the PLC later to enable progran upload.

ooooo...ll" Mo |

=



=

x

Tranzfer FE programs to PLC MewPLCT

& I -

The FB definition Transferring FB Pragram infarmation. ..
information will be Byte 0 of 2638
transferred.

Downloading... Don't power off PLE.
[

Cahcel

=

x

Program Download to PLC MewPLCT

Dowrload successiul

INNENNENENEEEEREEND
Click the OK ButtOon. seeeceecccccccccccccccccscccsccccsccscscccsccsccccccccccccce ‘ )

- Click the Yes Button after

verifying that there will be no
CX-Programmer ¥7.0 adverse effects even if the cycle
time is longer.

@ Are ol sure you want ko reflect the changes to the pr INPUL signals may be missed.

Click the Yes Button. ............................

=
]|




Chapter 4

How to use |
the ST (Structured Text)|




Offline Operation
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target Program FB Definition Variables ST Program Program and check

1. What is the ST Language? |

The ST (Structured Text) language is a
high-level language code for industrial
controls (mainly PLCs) defined by the IEC
61131-3 standard.
It has many control statements, including
IF-THEN-ELSE-END_IF, FOR / WHILE loop,
and many mathematical functions such as
SIN /LOG. it is suitable for mathematical
processing.
The ST language supported by CX-
Programmer Ver. 5 or higher is in
conformance with IEC61131-3.
The arithmetic functions in CX-Programmer
Ver. 5 or higher are as follows:
sine (SIN), cosine (COS), tangent
(TAN), arc-sine (ASIN), arc-cosine
(ACOS), arc-tangent (ATAN),
square root (SQRT), absolute
value (ABS), logarithm (LOG),
natural-logarithm (LN), natural-
exponential (EXP), exponentiation
(EXPT)

f# Tnitial Settings #
HMTO] = 2
HMTIR] = 7.

N=2

o CRC1G #)
CRCTMP := 16#FFFF;
FORI:=1TO N DO
GRGTMP = GRGTMP KOR XMTD1 T
FOR J:=1TO & DO
GCT = GRCTMP AND 1,
IF GRGTMP <0 THEN
CH=1:
CRCTMP := CRGTMP AND 1647FFF; (¢ GROTMP & 0x7FFF #)
ELSE
CH=0
EMDIF:
UINT_GROTMP = WORD_TO_UINT(CRCTMP: / 2
GRGTMP = UINT_TO WORDIUINT CROTMPY,
IF GH=1 THEN
CRCTMP := CRCTMP OR 1624000;
EMD_IF:
IFGT=1THEN
CRCTMP := GRCTMP X0OR 16#A001; & GROTMP KOR DxA001 *)
END_IF;
EMD_FOR;
END_FOR;

% CRCTMP OR Ox4000 #)

IF GRCTMP < 0 THEN

CL=1:

GRGTMP = GRCTMP AND 16#7FFF: (¥ GRGTMP 8 Dx7FFF )
ELSE

GL=0
ENDIF:

O GRCTMP & 0xFF +
o CROTMP & Dn7F00
UINT_CRCTMP = WORD_TO_UINTIGRGTMP) / 266,
G2 = UINT_TO_WORD{IINT GROTMPY:

C1 = GRCTMP AND 16FF;
CRCTMP := CRCTMP AND 1647F00;

Reference: The IEC 61131 standard is an international standard for programming Programmable Logic
Controllers (PLC), defined by the International Electro-technical Commission (IEC).
The standard consists of 7 parts, with part 3 defining the programming of PLCs.

2. Explanation of the target program

This example describes how to create an ST program in a Function Block to calculate the average value of a

measured thickness.

ThicknessAverage
AverageCalc_Ivalue
(BOoL) (EcoL) The data type should be set to REAL to store the data.
| I REAL type allows values with 32 bits of length, see range below:-
(REAL) (REAL) -3.402823 x 10* ~-1.175494 x 10*, 0,
1* Y - +1.175494 x 10 ~ +3.402823 x 10*
(REAL)
¥
(REAL)
4z

FB definition name

Input symbols

Output symbol

AverageCalc_3Value

X(REAL type), Y(REAL type), Z(REAL type)
SCOIe(REAL type)

ST Program definiton SCOIe := (X +y + z)/ 3.0;

Substitute a value to a symbol is expressed by “ :=".

Enter “ ; ” (semicolon) to

complete the code.
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3. Create a Function Block using ST |

. Frograms
E@ MNewPrograml {00}
= Symbols

Create a Function Block using
Structured Text.

Select the Function Block icon Insert Function Block » :iIFLadder
3:'5 using a mouse cursor, and ® cut £+
click the right mouse button. Copy From File....
— Insert Function Block(l) 2 Easte
— Structured Text(S) Delete
’7 Allow Dacking
Hide

Float In Main Windaw

Properties

E--% MewProject I

BT NewPLC[C51G-H] Offline
----- = Symbals

132

- 10 Table
----- Settings

g -t Memary

I:—]% Programs
E‘@ MewPrograri (00)

ANeWFUnCtIOh Block 9000000000000 00000000000O0CCOCOCROIOIOEOOIOONOREOIEOITDS
definition is created.

I:j Change the Function Block definition name

[ % Prograrns

EI@ MewPragram] (00}
23 Symbals Note:

B sectionl The user can’t create Function Block Definitions

@ END with names starting *_’ (underscore).

chion Blocks Please use names not starting with *_".

‘t-I5H)averageCalc_3value

Select the Function Block E|
definition icon -{5F using -
the mouse cursor and right
click the mouse button.
Select Paste.

Lesseee*°| Variable Table
,."' ST

— Rename 3 o® lslxi
Enter DeE®eR[ienoc avn(tr ezl nniE|esra| @ EE L w|e
[AverageCalc_3value] cxa[eEBER ey | —coaaxlk||[Bca|eenS |l BEEL ||[ERE R
= = B o L T L AL L Safssssssmsma
< [} '] :
Open Function Block ST Editor I i ¢ .
. .
ol_ntemat ok J__oupss Eteras ] .
Select Function Block definition i ..---E* 1 ST Edit Field
Icon -g5F by mouse cursor and : oo .
h ®ecccccccoe " °® =
double click the left mouse . .o .
button. . K .
[} o. :
: ¢ .
i .
d .
i .
d .
i .
d .
i .

For Help press F1 HewWPLC(flet:0iode0) - Offine [ I Ing, a1 I [
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4. Entering Variables into Function Blocks |

Select Variable Table.

ame | Data Type | AT | Initial Value | Retai,.. | Comment |
EM BOOL FALSE Controls execution of the Func...

Select the Input tab using
the mouse cursor. Steceenn.,..

—J

Select Insert from the

Externals

Enter a variable name I

Pop-up menu.
] | 1
Mame: ‘_
( . ! Canaal | . Select REAL |
Enter data for the following Data Type: QUREAL i »

Name Usage: I Input ﬂ Adyanced... |
Data type N
Comment Initial W alue: ID [~ Eetain

Input value

»  Enter and applicable
comment

=
-

- Enter input symbol x, output symbols y,z by repeating the process above. I

Marme | Data Type | aT | Initial Yalue | Retai... | Camment |
EM BOOL FALSE Contrals execution of the Func, ., )
x REAL 0.0 Input value 1 Input Variables I
¥ REAL 0.0 Input walue Z
e JReal [ o0 [ [Iputvaluesd
Mame I Data Type I AT I Initial Walue I Retai... I Comment I .
EMO BOOL FALSE Indicates successful execution ... OUtPUt Variables I
Score lREAL [ J0.0 [ |Awage

Reference: The copy and paste operation is available in FB Header.

Reference: The order of the variables in the FB table becomes the order of parameters on FB
instance (call statement) in the normal ladder view.
To change the order, it is possible to drag & drop variables within the table.

ThicknessAverage

AverageCalc_Jvalue

Marne | [aka Type | £ )_(EE&OOL) el ftame | [aka Ty
v \
EN BCoL FEAL e Bl
x REAL —— score| 4|8
w REAL .
——— Je Output Variables
Input Variables (REAL)

FB instance (call)
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5. Entry of ST program

Select the ST Editor text field in the Function Block ST Editor window.

‘951 Untitled - CX-Programmer - [NewPLC1.AverageCalc_3value [FB Structured Text]] —(Elxl
[ Fle Edit Miew Isert PLC Program Tooks Window Help _@1 x|
DFE|RSR s&=d (o (avkewesda|tiedE e CREE s w0
a K@ S rER T e | —Oﬂﬁ'ﬁ"El—leE‘l@xﬁnlﬂzl'@'lﬂalﬁ\'\“l@ﬁﬁ ==
2 [ mame [ DataType [ ar [ initisl ¥alue [ Retai... | comment
532 NewProject En BOOL FALSE Controls exection of the Func..
21 T3 HewPLC1[C5LG-H] Offine x REAL 0.0 Input value L
2 symbols ¥ REAL 0.0 InpLt value 2
ﬂ 10 Table 2 REAL 0.0 Input value 3
H Settings
g Memory
= Programs Internals Inputs Outputs Externals
| B NewProgram1 (00)
H =4 symbols I
--Fg Sectiont
& Enn

E TF Function Blocks
- AverageCale_3value

I\ Project /

Far Help, press F1 [NewPLEL{Met: 0, Node:1) - OFffine [ oM

‘ Enter text into the field: “score := (x +y + z)/ 3.0;”.

soore =0+ y + 20 S 30

When the input expression is a real type
calculation, please enter the constant

value with decimal point and zero for
single decimal places, e.g. ‘3.0’.

Reference: User may type Comments in the ST program.
Enter ‘(*’ and “*)’ both ends of comment strings, see below.
This is useful for recording change history, process expressions, etc.

[* Created by Suzuki 55212004 )
SCOre =[x +y + Z1J 3.III;|

Down To Lower Layer

Cut
Copy
Paste

Note: You can jump to a help topic that shows
Find... ST control syntax by selecting [ST Help]
Replace...

from a pop-up menu in the ST Editor.

Comment Out |
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6. Entering the FB to the Ladder Program and error checking

Enter the following FB into the ladder program.
Instance name: ThicknessAvarage
Input parameters: DO, D2, D4

Output parameter: D6 It is able to jump the referred function

ThicknessAverage block definition by entering [Shift]+[F]
AverageCalc_Svalus key when the cursor is in the function
block instance.
0.00 (B0CL) (BOOL)
| I Erl EMO L
Do (REAL) (REAL) DB
EES SCOFe |
b3 (REAL) Refer page 2-7 for entering FB instances.
dy Entering ST FB instances is the same as
entering FB Ladder instances.
D4 (REAL)
4z

=

Perform a programs check before transferring the program.

9% ntitled - CX-Programmer - [NewPLC1.NewProgram1.Sectioni [Diagram]] -8l
[ Eile Edt wew Insert PLC Program Iools Window Help & x|

DedRak|ita[zs (auner]es8at I BEiR2 s ERER L w|as]

aoqsEmiErbrrrw | —osasElx|[Zlearuny (BBEED || DFE RS
EF [Program Niame : NewProgram1] I
48 NewProject 0 =
=82 NewPLCA[CSLG-H] Cffiine [Section Name - Sectiont]
5 Symbols
§7 10 Tabie ThicknessAverage
- [5] Settings
g Memary AverageCalc_3value
-4 programs 0.00 (BocL) (BOOLY
- NewProgram1 (00) B S - ENG
22 Symbols
FJ sectionl oo (RE&L) (REAL) D6
e H score
=-4F Function Blocks
B Averagecale_3value o2 g =
i
04 (ReALY
H
1
14l I _>|_|
\ Project / K| Name: Address or Walue: | Commet: |
i FLE, MewPLLT PLE Model Lo G CPUAG | e
[ Compiing

[PLC/Program Name : HewPLC1 /MewProgram]
[Section Name : Sectiont]
[Sestion Name : END]

NewProgram -0 erors, 0 warnings.
The progiams have been checked with the program check option set to Uit Ver. 3.0

TR T¥T, Compile £ Find Repart 4 Transfer L4 o
For Help, press FL [ MewPLC L{Rek:0, Nod=:0) - Offine frung 1 (0, 0) - 100% [ [maura

Refer page 2-9 for program checking.
The functionality is the same as for Function Block Ladder instances.

It is possible to change or add variables in the Function Block after inputting FB instance
into the ladder editor. If modified, the Ladder editor changes the color of the left bus-bar

of the rung containing the changed Function Block.
When this occurs, please select the instance in the Ladder Editor using the mouse
cursor, and select Update Function Block Instance (U) from the pop-up menu.
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7. Program Transfer

Go online to the PLC with CX-Simulator and transfer the program.

=l81x]
=l81x]

22 Untitled - CX-Programmer - [[Stopped] - NewPLC1.NewProgram1.Section [Diagram]]
[ Ele Edt View Insert PLC Program Tooks Window Help

lozadar | wel c(auzre|siBns bR aslBERR i w el
|

aoalifsEmERbaruwew ) —oosaEElk |[Zlcn vt B REEED | RPERS

o =
Newprogramt] =
=3 o 5
= B newrLci[C: Section]
3 Symbols
97 10 Table: Thicknesséverage.
B [ lnesshverege
B memay card AverageCale_Svalue
[ Erorog o
B0l Bo0L)
g =53
E
=% progams
reaL re| o
553 NewProgramt (00) topped fr=) Z
% Symbols +0.0000000 400000000
sectont
- rean)
= Function Bocks AT
Averagecak_svaki
s Tl R

+0.0000000

K1) | _'lll

Froject g_qu Nam: T — nd:vess o vSqu yﬁ (mw‘wz
o Refer to page 2-10 for steps to go online and

transfer the program.
Change the PLC

Simulator) to Monitor mode.
( ) The on/off status of contacts and coils can be monitored.

For Help, press F1

9 ntitled - CX-Programmer - [[Stopped] - NewPLC1.NewProgrami.Sectiont [Diagram]]
_l&l x|

. EIII [(7 Ele Edit Wew Insert PLC Program Jook Window Help
Click Fmm | eoceecccoccceeoned @ it @Reps Gnsspoocs grorsesd 42 o/on s @ sle o oir oo Srfe 02 20 2

Y R L IR e EEEEEE R
| |U

=

@ CX-Programmer ¥5.0 ﬂ

This command will affect the state of the connected PLC.
Do you wish to continue 7

d A=Yl =1

o | i [Program Mame : MewPrograml]

I I Co——

Click [Yes] ssecessscccesssccccss

L&l
i x]

2 Untitled - CX-Programmer - [[Running] - NewPLC1.NewProgram1.Sectioni [Diagram]]
[ Hle Edt view Insert PLC Program ook Window Help

DoEReR s eeoc(nrnereaiEssn iR ese 20@R 0 w|as|
aoqiEEmErbrrrw ) —opaatlk|[Hlen vrnywBEnD | oERRE
)

| [Proatam Name : NewFrogram1] =
[E % Newbroject o =
=ED NewPLC1[C516H] Moritor Mode [Section Name : Sectiont]
O b —
g7 10 Teble ThicknessAverage
Settings
[E] Memory card Averagecals_avalue
[By Error log (BO0L)
{®) pLC ciock E O
< Memary
=% Programs R meen| s
-} NewProgram1 (00) Running x score
; Symbels +0.0000000 +0.0000000
Section1
Bao 02 rean
- F Function Blacks: +0.0000000
T4 Averagecalc_avalue
AL 04 (REAL)
z

+0.0000000

Confirm that the PLC is  «e.,, |
Monitor mode. fteeee..,, -

ceenn., ‘ ‘ A
\ Project / e AddresSWe valus: Comment;

For Help, press F1 T LIS e e J [ izms Bwe hngi(e,0) - 1o0% [ [
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8. Monitoring the Function Block execution

Monitors the present value of parameters in the FB instance using the Watch Window.

4

| o

L Project /- AT e |

Display the Watch Window.

Address or Value: |

Commert: |

ﬁ PLCMame | Home | Adcress | DataT... | FBUsage | Yalue Value(B.... | Comment
' | E . ' [ 4

LTS TR, sheett A sheet? i sheetd 7

Il

1=

For Help, press Fi

=

] g 10, 0 - 160% | [T

|
Open the Edit dialog.
x
BLL: JHewRLET =
tj HMame or address: I@
Click Browse... button using *****"""" e gTaFa'T}BB.f’.F.D.”;a.‘:. [B00L (On/Dif Contac) [~
the mouse left button. 0K | Cancel | Select REAL(32bit floating point)

-

]

Click the 3 button using the

~—

Find Symbol {Read only) - Any

> 4

left mouse button, then select Look jn: |NewF'LC1
the following: Syrmbols of type: |BDDL
[Symbols of type]

[Name or address] Name or sddress: |

= Swmbol Information

Edit Symbol |

~

! ULINT BCD

Select ThicknessAvarage.x

Look in: | NewPLLT

Thicknes&-‘-‘werage.smre

Syrnbiols of type: I REAL

ICKNES 50, velage. )

dress

Lef Lef Lo

Edit¢ Thicknex&-‘-‘werage:z

farmation

UG

=

x|
PLC: JHewPLEY =

Mame or address: IThicknessAverage.x

Browse... I

Data Type / Format:  [REAL [Fioating Point Doule length] [~ |

C||ck[oK] button usingthe ©e00cecceccccsccsccsccsccne

left mouse button.

When monitoring internal variables at debug phase,
collective registration is available in addition to the
individual registration on the Watch Window
through the operation shown here. For the details,

refer “5-8 Batch Registration to Watch Window”.
When the function block is a ladder, conducting

monitoring is available. For the details, refer “5-5
Operation Check- 1”

(R oY) ey Pl | AULTESS U YA | Cunmne |

j—J PLC Mame | Mame ‘ Address ‘ Data Type | Format | FE Usage ‘ Yalue ‘ Walue(Binary) ‘ Comment ‘
MNewPLC1  Thicknesséwerage.x  HS13 REAL {Floating Point,Double length)  Input +0.0000000 Float  +0.0000000 Flaat  Input value 1
[ A2 [ sheet! A sheet? 4 sheetd | Kl




Reference: Example of an ST program using IF-THEN-ELSE-END _IF

The following ST program checks the average value calculated by the example of page 4-7 against a range (upper
limit or lower limit).

FB Definition: OutputOfDecisionResult
Input symbols: score(REAL type), setover(REAL type), setunder(REAL type)
Output symbols: OK(BOOL type), overNG(BOOL type), underNG(BOOL type)

ST program:

score > setover (* If score > setover, *)

underNG := ; (* Turn off underNG *)

OK := ; (* Turn off OK *)

overNG := ; (* Turn on overNG *)

score < setunder (* if score =< setover and score < setunder then *)

overNG := ; (* Turn on overNG *)

OK := ; (* Turn off OK *)

underNG := ; (* Turn on underNG *)

(* if setover > score > setunder then*)

underNG := ; (* Turn off underNG *)

overNG := ; (* Turn off overNG *)

OK := ; (* Turn off OK *)

; (* end of IF section*)

Example of an FB instance (the instance name is ‘ThicknessDecision’)

. Decide the average, thick, proper, ar thin
ThicknessDecision
OutputofDecisionResult
200.00 (BO0L) [BOOL)
| | Em EMO |
Average calc..
Average [REAL) (B 20.00
{zEare overMG L Thick decision
ThickDecizia...  |(REAL) (B3] 2002
J=etaver underMG L Thin decizion
ThinDecision...  |(REAL) (B 2001
{zetunder O b Proper decisi...




Reference: Example of an ST Program Using String Variables

1. Application Example

In this example, a Vision Sensor is used to detect the workpiece’s position and Servomotors are used
to perform positioning on the X and Y axes.

Vision Sensor

To serial port

Workpiece

G
To Serwvo

Driver/Motor /& Marker

.axis

2. Interface with the Vision Sensor

The following messages are transferred between the Vision Sensor and the CPU Unit via the CPU
Unit's RS-232C port.

i “@MEASURE”+CR ~ .
... Unit » Vision

RS-232C port P Sensor
“@+1234567890,- 12345678”+CR

When the CPU Unit sends the message “MEASURE”+CR(0x13) from its RS-232C port and the Vision Sensor
receives the message, the following data is sent as string data.

@ )é:é(: X-axis Position (10 digits) ; 1:3‘: Y-axis Position (10 digits) CR
T A T 2
@ marker Comma Carriage Return (0x13)
g op 4

Decimal text string with up to 10 digits
(Padded with spaces on the left if there
are fewer than 10 digits.)

3. Range of Programming in FB (ST)

The following range of processes are created in the FB.

Set two words of data each for the X and Y coordinate, as the NC Unit's command values.

Receive the workpiece’s present position (X and Y coordinates) from the Vision Sensor through serial
communications.

Analyze the data received from the Vision Sensor to get the workpiece’s present position (X and Y coordinate).
Output the difference between the workpiece’s target position and present position as the NC Unit's command
values.



4. FB (ST) Program

The following ST program satisfies the application’s requirements.
Variable Table

Yariahle type |Name Data type  |AT Initial value|Held |Comment
Internal hSending BOOL FALSE Sending flag

Send status (1: Sending enabled, 2: Sending, 3 Send
Internal nsendsStatus INT 0 completed)
Internal SndEnableCPUPart [BOOL AJ92.05 Built-in hast link port send ready flag
Internal EndRecvCPUPort  |[BOOL A392 .06 Built-in host link port receive completed flag
Internal stYPosition STRING(30]) String read from Vision Sensar
Internal strxPos STRING(15Y H-awis present value termporary variable
Internal striPos STRING(15y Y-axis present value termporary variable
Internal nLen INT 0 Temporary wvariahle for reception data analysis
Internal nCommaFos INT 0 Comma paosition for reception data analysis
Input bStartFlag BOOL FALSE Send start flag
Input e TargetPos DINT 100 H-axis target value
Input miTargetPos DINT 100 -axis target value
Cutput nxDOiff DINT 0 ¥-axis command value
Cutput ny Diff DINT 0 f-axis command value
ST Program

(*Read position information from Vision Sensor and produce command value to the NC Unit.
String format read from Vision Sensor: ‘(X coordinate) (Delimiter character) (Y coordinate)’
X coordinate: Sign + 10 digits max.
Y coordinate: Sign + 10 digits max.
Delimiter: Comma
Example: ‘+1234567890,-654321’ (The number of X and Y coordinate digits varies.) *)
(* Detect read start trigger *)
IF ( bStartFlag AND NOT(bBusy) ) THEN
nStatus := 1;
(*Not executed if data is already being read.*)
END_IF;

(*Read processing*)
CASE nStatus OF
1: (* Read command to bar code reader *)

IF SendEnableCPUPort = TRUE THEN
(* Send if RS-232C port can send data. *)
bBusy := TRUE; (* Turn ON Vision Sensor reading flag. *)
TXD_CPU('MEASURE'); (* Send “Measure once” command. *)
nStatus := 2;
END_|IF;
2: (* Get data read from bar code reader. *)

IF EndRecvCPUPort = TRUE THEN

(* If the reception completed flag is ON *)
RXD_CPU(strXYPosition, 25); (* Read reception data to strXYPosition. *)
nStatus := 3;

END-IF;

3: (* Processing after the read *)

(* Analyze the string from the Vision Sensor into X and Y coordinates. *)

nLen := LEN(strXYPosition); (* String length *)
nCommaPos := FIND(strXYPosition, *,’); (* Delimiter position *)
strXPos := LEFT(strXYPosition, nCommaPos - 1);
(* Extract X-coordinate string. *)
strYPos := MID(strXYPosition, n"CommaPos + 1, nLen - nCommaPos);
(* Extract Y-coordinate string. *)
(* Convert strings to numbers and extract the command values. *)
nXDiff := nXTargetPos - STRING_TO_DINT(strXPos);
(* Command value := Target value — Present value *)
nYDiff := nYTargetPos - STRING_TO_DINT(strYPos);

(* Command value := Target value — Present value *)
nStatus := 0;
bBusy := FALSE; (* Turn OFF Vision Sensor reading flag. )
END_CASE;




5. Example Application in a Ladder Program

The following example shows the FB used in a ladder program.
The X-axis and Y-axis target values are set in DO and D2. If bit WO0.0 is turned ON, the
communications are performed in the FB and the command values are output to D10 and D12.

[T
Ay Commandyalle_Generate
Wi axesCommandyalue_Genera
be
P_on (BOCL) (Bl
|} ErM EmMCL
Alwvays O Flag
W00 (BO0L) [DIMTY o
JbStartFlag nADiff -
oo (DINT? [DIMTY o2
JAnXTargetPos n'Diff -
b2 (DINT?
A TargetPos
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This chapter describes how to componentize a user program with an example using function blocks.

2. How to Proceed Program Development

Generally shown below is a workflow to create a user program with componentization in the case of
the application example below. Deliberate consideration is required especially in program design
process.

(1) Program Design
(2) Creating Components
(2-1) Entering FB Component
(2-2) Debugging FB Component
(2-3) Creating FB Component Library (File Save)
(3) Using Components in Application
(3-1) Importing Components
(3-2) Using Components for Program
(3-3) Debugging Program
(4) Start-Up

3. Application Example |

Shown here is a DVD inspection machine as an example for application.
Process can be primarily categorized into inspection, packing, and assortment.

Measuring
DVD thickness

Advanced
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4. How to Proceed Program Development |

Application can be materialized by using hardware and software (program) through combination
of requirements.

Following sections describe how to proceed program design using an application example
described before.

4-1 Overview of Design Process |

Specifications should be repeatedly P— / Speceatons

detailed and integrated to divide and Input from Client Specifications
classify them as shown in the right. Detailed
Requirement / Seecticancns
Specifications _ ————p.  General
fOl' Device Specifications —> Detailed

Specifications

— Detailed
Specifications 4/' Specifications

Detailed
Specifications

0w~ >
<0

4-2 Extracting Requirement Specifications |

Shown below are the extracted requirement specifications for this application.

Overview of DVD Inspection Machine (Requirement Specifications)

Reqg. 1. DVD should be inserted from a loader.

Req. 2. Thickness of DVD should be measured at 3 points. Average thickness of measurements
should be calculated. If it is within its threshold range, DVD should be assorted into a
stocker for good products, or a stocker for bad products if not.

Req. 3. Good DVDs should be packed into the case.

Req. 4. Packed DVDs should be packed into the paper box.

Req. 5. Paper boxes should be classified into 2 types. Switching frequency should be counted to
evaluate a life of limit switch adjacent to actuator of selection part.

Req. 6. Other requirements

* To simplify the description, this document focuses on a part of device (underscored).
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4-3 Detailing Specifications and Extracting Similar Processes |

By detailing the specifications, there you will find similar processes or ones that can be used universally.

Actuator control (Example of similar process)

In this example, you can regard cylinder control for assortment of good and bad products and actuator
control for paper box assortment as the same. Shown below are extracted requirements for these
processes.

e The process has 2 actuators for bilateral movement which operate under input condition for
each.

e Operation of each direction must be interlocked.

e The process has an input signal to reset its operation.

Average_Threshold Check (Example of universal process)

A process should be extracted that will be used universally even if the process itself is used only once
for this application. In this example, a process is extracted that calculates average of measured 3
thickness data of DVD and checks if it is within the threshold. Shown below are extracted requirements
for this process.

o Average of 3 measurements must be calculated.
o Average value must be checked if it is within upper and lower limits of the threshold.

These requirements are used as the base for components. Names of components are defined as
“ActuatorContro” FB and “AvgValue_ThresholdCheck” FB.

4-3-1 Creating Specifications for Components

Reuse of components can improve productivity of program development. To make reuse easily available,
it is important to create specifications and insert comments for easier understanding specifications of
input/output or operation without looking into the component.

It is advisable to describe library reference for OMRON FB Library.
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4-3-2 Example of FB Component Creation |

“ActuatorControl” FB
It should be described in a ladder sequence because it is a process for sequence control.

[Input Variables]

Mame | Daka Type | AT | Initial value | Retained | Zommenk |
EM BOoL FaLSE Zonkrals execution of the Funckion Black.,
PosDirInput BOCL FALSE Input for positive direckion
MegDirInpuk BOCL FALSE Input for negative direction
L3pos BOCL FAL3E Lirnit switch For positive direckion
LSreq BOOL FALSE Limit switch For neqative direction
[Output Variables]
Mame | Daka Tvpe | AT | Initial Walue | Retained | Comment |
EMD BOOL FaLSE Indicates successful execution of the Function Block ...
ActuatorPosCut BOOL FALSE Actuator output For positive direction
Actuatorheglut BOOL FALSE Actuator oukput For negative direction
[Internal Variables] Line comments for operational
None. overview and input and output
[ Actuator Control FB variables allow for easier
O summary: o — N understanding.
If Inputt for positive direction iz on, then Actusor output for positive direction iz on until Limit Siwtch for pos) ect]

If It for negative direction is on, then Actuaor output for negative direction iz onourtil Limit Sivtch for negaive direction.

Inpout wariable:
PozDirlnput: BOOL
MeaDirinput: BOOL
LSpos: BOOL
LEneg: BOOL

Output variskle:
ActustorPosOut: BOOL
ActustorhegOut BOOL

PozDirlmprt LEnegy LEpos ActustorPosCut
{ | { | L &
ActuatorPosCut ‘
| 1
1T
1 MegDirinput LSpos LSnegy Actuatorteglut
& {1 {1 ‘ 11 {_

ActustoregOut
| |

“AvgValue_ThresholdCheck” FB
It should be described in ST because it is a process for numeric calculation and comparison.
[Input Variables]

Marne | Data Type | AT | Initial Yalue | Retained | Carnment |
EM BOOL FALSE Controls execution of the Function Block,
Inputl REAL 0.0 Input walue 1
Inputz REAL 0.0 Input walue 2
Input3 REAL 0.0 Input walue 3
IpLimnit: REAL 0.0 Upper limit walue
LowLirnit; REAL 0.0 Lowser limit value
[Output Variables]
Marne | Data Type | AT | Initial Yalue | Retained | Carnment |
EMO BOOL FaLSE Indicates successful execution of the Function Block. ..
Result BOOL FALSE OF or MG judge Flag
[Internal Variables]
Marme | Drata Type | AT | Initial Yalue | Fetained | Carmrent
Avgialue REAL 0.0
[* Agarage value calculstion and check of threshauld for three values )
Avovalue = Input! + Input? + Input3 ) 7 3.0, (* Divices Input 3 values by 3 %)
IF [{Awghalue ==UpLimit) AMND (Aveyalue ==LowwLimit)) THEM [* Compare the agarage value it belovy of upper limit or above of lowwer limit =)
Result .= TRLUE;
ELZE
Result .= FALSE;
END_IF;
|

Note: Use general names as long as possible for names of FB and variables in ladder diagram and ST,
instead of specific names for the function at creation.
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4-4. Integrating FBs

Detailed process components are extracted by now. Components for application will be created by
combining them in the following sections.

4-4-1. Combining Existing Components - DVD_ThickSelectControl

Req. 2. “Thickness of DVD should be measured at 3 points. Average thickness of measurements
should be calculated. If it is within its threshold range, DVD should be assorted into a stocker for
good products, or a stocker for bad products if not.” can be regarded as a process that combines
“AvgValue_ThresholdCheck” and “ActuatorControl” investigated in the previous section.
“Combining” these components allows creation of integrated component “DVD_ThickSelectControl”
FB. Shown below is an example of an FB to be created.

[Input Variables]

Mame | Diata Twpe | AT | Initial Yalue | Retained | Comment

EM BOOL FALSE Controls execution of the Function Block.
L5right BOOL FALSE Limit switch For cvlinder right direction

L5left BOOL FALSE Limit switch For cvlinder left direction
Measurel REAL 0.0 Measurement result 1 af DVD thickness (mm)
MeasureZ REAL 0.0 Measurement resulk 2 of DVD thickness {mm)
Measure3 REAL 0.0 Measurement result 3 of DVD thickness {mm)
[Output Variables]

Mame | Dakta Twpe | AT | Initial ¥alue | Retained | Comment

EMC BOOL FALSE Indicates successful execution of the Function Block ...
CylinderRightn BOOL FALSE Qukput For svlinder right direction
CylinderLeftion BOCOL FaLSE Cukput For sylinder left direction

[Internal Variables]

Mame | Data Tvpe | at | Initial value | Retained | Con This FB has. its specific name anc_l variable
WorkMave FB [ActuatorControl] names that include “DVD” or “Cylinder”
DVDThick Judge FE [AvgValue_ThresholdCheck] because it is specifically created for
_Judge B0l FALSE
1] The upper limit is 1 .26mm, the lovweer limit is 1.14mm. (1.20mm (+-5%0)
u] DD ThickJudge
Aygalue_ThresholdCheck
Erl (BOOL) (BO0L)
| Er EROF
Measurel (REAL) (BOCLY Judge
—InpLt] Reszult-
heasures (REAL) -
—Input2 u
Measured (REAL) :
—InpLt 3 u
(REAL)
—{UpLirmit
“ +1.14 (REAL)
. =L oL imit
1 Judge % aun® R 4 _Judge
2 L% L Aden {_r
2 2 Wingkide B
9 e o » e * EctustorControl
EM . L EB30 (BOOL)
|} < En EMOH
“ Judoe (BooLY (BIOCLY CylinderRighton
. —FPosDirlnput ActuatorPosOut -
“ _udge (BOOL) (BOOL) CylindlerLefton
—{MegDirlnput ActustorMegOut -
LSright (BOOLY
—LSpos
LEleft (BOOLY
—LSned
 S—

A function block can be called from within another function block. This is called “nesting”.
To nest, declare a variable of FUNCTION BLOCK(FB) type as its internal variable to use the
variable name as an instance.
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4-4-2. Adding Functions to Existing Components - WorkMoveControl_LSONcount |

Req. 5. “Paper boxes should be classified into 2 types. Switching frequency should be counted to
evaluate a life of limit switch adjacent to actuator of selection part.” can be materialized by counting
OFF — ON switching of a limit switch as an input for “ActuatorControl”’. This component is called
“WorkMoveControl_LSONcount” FB. Shown below is an example of an FB to be created.

[Input Variables]

| Marne | Data Tvpe | AT | Initial Yalue | Retained | Cammenkt |
EM BOOL FaLSE Conkrols execution of the Function Block,
RightDirInput BOCL FALSE Condition ko mowve actuator to right direction
LeftDirInput B0l FaLSE Condition bo mowe actuakor to left direction
L5right B0l FaLSE Limit switch For acutuatar right direction
LSleft BOCL FaLSE Limit switch for acutuator left direction
Reset BOCL FaLSE Resets number of kimes For opening - closing |i. .
[Output Variables]
Mame | pataType | AT | tnitial ¥alue | Retained | Comment |
EMC BOCL FALSE Indicates successful execution of the Functia. ..
ActuatorRightOn | BOOL FALSE Cukput for ackuator right direction
ActuatorLefton BOCL FALSE Cutput For ackuator left direction
LS_OMnumber LINT 0
[Internal Variables]
Mame | Data Tvpe | a7 | nitial ¥alue | Retained | Comment
PresvCyclels EQoL FALSE
WorkMove FE [ActuatorZontrol]

*Wiork move control and count of number of times open - close of limit switch *)
[* Crested by: machine development div, Yamada: 10-01-2005 %)

[* Rezets number of times opening - closing limit sivwtch *)
IF Rezet = TRUE THER

PrenCyclels = FALSE;
EMD_IF;

[* Callz WorkMove (instance of ActustorContral FB) *)

WiorkioveRightDirinput, LeftDirinput, LSrioht, LEleft, ActuatorRiohtOn, ActustorLeftOond;

(* Counts number of times opening - closing limit switch *)

IF PrevCyclels = FALSE and Lsright = TRUE THEM
L=_OMnumber = LS_ONnumber+1;

EMD_IF;

PrevCyclelS (= LSright; (* Copies LSright to compare at next execution *)

I4....

How to call FB (function block) from ST

FB to be called: MyFB Instance of MyFB declared in ST: Mylnstance
I/O variable of FB to be called: I/O variable to be passed to FB in ST:

Input: Input1, Input2 Input: STlnput1, STInput2

Output: Output1, Output2 Output: STOutput1, STOutput2

In this example, calling of FB instance from ST must be described as
Mylnstance(Input1 := STInput1, Input2 := STInput2, Output1 => STOutput1, Output2 => STOutput2);

When all input/output variables are described, description of variables and assignment operators in one to be
called can be omitted.
Mylnstance(STInput1, STInput2, STOutput1, STOutput2);

By describing variables and assignment operators in one to be called, you can describe only a part of
input/output variables.
Mylnstance(Input1 := STInput1, Output2 => STOutput2);
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4-5. Total Program Description |

For components (FB) investigated here to work as a program, a circuit must be created that calls a
component integrated from main ladder program.
* Example here limits to Req.2 and 5.

Global Variables]

E= | Data Tvpe | Address | Yalue | Rack Location | |lsage
ﬁStage.ﬁ._Bn:nxSelect FE [WorkiMoveConkrol _LSOMoounk] o [Auko]
ﬁStage.ﬁ._D'-.-'DThickSelect FEB [DYD_ThickSelectControl] A [Auko]

* Other instance variables than those to use FB are omitted.

m
| Stages DvDThickSelect |
PwD_ThickSelectControl
0.00 (BOCL) = (BOO0L)
| | EN . ENO |
L]
1.00 (BooL) = {BOOL]
JLSright = CylinderRighton L
L]
1.0 (BOCL) = {BOOL]
Lsleft 3 CylinclerLeftOn L
o0 (REAL) *
AMeazurel =
D2 (REAL) =
AMessure2 ]
D (RE&L) o
B MeasureS:
H
Il l Stages_BoxSelect l
: WiorkMoveGontrol_LSOMoourt
P_On (B0l - (BOOL)
|} EN . ENOL
Wy .00 (B0l 5 (BOOL]
JRightDirlnput : ActustorRightOn L
Wi 01 (BO0L) - (BOOL]
HLeftDirlnpt M ActuatorLefton |
L]
3.00 (BO0L) = (LINT)
JLSright . LS _COMnumber -
L]
3 (BO0L) -
JLSleft .
L]
010 (BQOL) .
JReset .
= - I |
. .
™ []
™ [
vV v

Why the instance name is “StageA***”?

Although it is not explicitly described in the application example, a program for newly added stage B
can be created only by describing an instance “StageB***” in the program and setting necessary
parameters, without registering a new function block.

As a feature of Omron’s function block, one FB can have more than one instance. By using operation-
verified FB definition (algorithm), a program can be created only by assigning its address.




Program Entering/Deb Creating FB

. ik Entering Main Debugging
Design lIJDQegfllrr]]?tlgr? Dﬁg?g'rsn Program Main Program

4-5-1. Total Program Structure |

This section verifies total program structure including components (function blocks) created here.
[Main Program]

" T The uppar fmit 1= 1 26mm, the fower T 15 1.14mm. (1 =
m, 0 EAF
DWD_ThickSelectCortrol @ @ B @ E E @ 5 = ® * l Avg\/slua_Threshn\dCheck' =gl
=
000 L B0 00L )|
S M L EN& L — ER ENO|
Measurel (REALY (BooL)
100 (BOOLY (BOOL) 200 it Rzl
Csright CylinderRighton |- Measure2 (RESL)
1m (BooL) @aoL) 2m m g etz
Arstett CylinerLefton | leasure: (REAL)
g3
oo (REAL) +1.26 (REAL)
ieasuiret oLl
114
D2 (REAL) * IRl
JMeasuire2 3 e e
D4 (REAL) af—4 f |
Jieasuies 2 iorkiove
- 4
EN ((BOOLY \d (BOOLY
| e e —— e . ERCE
Stages_Boxsslsct uicige IBOOLY . ooy CylinderRighton
| h posDirnput ® 4 ctustorPosOutl-
= _eige (BooL) . (BooL)|  CylinderLetton
P_on (BOOLY (BOOL) eaDiringt BotustorhizgOut-
— LSright 0oL “
w000 (B00LY . (BOOL) 400 LSpos .
RigtDirinput w  ActuatorRighton |- LSleft BOOLY .
LSney
.o (B00L) " (BO0L) 4m >
JLeftBirinput W Actustorlefton| “
300 (B00L) - (LNT) Do ‘
Csright ® LS _Ohnumber |-
- o Actugtor Control FB
3m (BO0LY . 0| Summery.
Lttt - If Input for postive direction is on, then Aetuaar output far postive direction is on urtl Limt Siwich far positive direction
T BooL) - If Input for negative direction is on, then Actuaor output for negative direction is on until Limtt Siwtch for negaive direction
.
| iaaa . Input variable:
. POsDiMLEEO0L.
- NegDirlnput BOOL
. LSpos:B00L
. LSnegBOOL
* Output warible:
ActuatorPosOUtBOOL.
* Work move contral and court of numker of times open - close of limit switch *) A““P:t:;‘f”ﬁ"‘ oL e e .
[* Crested by: maching development div. amads: 10-01-2005 *) | I} 4
ActuatorPosout
[* Resets number of times opening - closing limit siwtch *) 1 MegDirinput LSpos LSrey Actustoreout
f i )
IF Reset = TRUE THEN = H A
PrewvCyclel S = FALSE, — )—/
EMD_IF; b 4
*
*
*
*
LSt ) gt 3 ] )
varkMowve(RightDirinput, LeftDirinput, LSright, LSleft, ActuatorRiohtCOn, ActustorLeftCn); l
[* Courts number of times opening - closing limit switch *)
IF PrewCyclel S = FALSE and LSright = TRUE THEM
LS _Ornumber = LS_ONnumber+1;
EMD_IF;
PresvCyclels = LSright; (* Copies LSright to compare &t nest execution *)

Instance names and FB names can be illustrated as follows: (FB name is described in [ ])

. StageA_DVDThickSelect DVD ThickJudge
[ [DVD_ThickSelectControl] [

[AvgValue_ThresholdCheck]

—/

[ WorkMove [ActuatorControl] ]

StageA_BoxSelect '—>
[ [WorkMoveControl_LSONcount] [ WorkMove [ActuatorControl] ]

In a structured program, especially to change a lower level component (FB), it is important to understand
parent/children relationship and components’ sharing when process flow must be cleared in case of debugging, etc.
It is advisable to create an understandable diagram of total program structure as design documentation.

CX-Programmer Ver. 6.0 or higher provides "FB instance viewer" when [Alt]+[5] key is pressed for easier
understanding of software structure constructed by FBs.Also, address can be checked that is assigned to FB instance.

:’:II E-@ MewPLC1 Mame | Data Type | Address | Comment |
- 98F Staged_BoxSelectWorkMoveContral_LSONzount] EN BOOL H513.00 Cantrols execution of the Function Block,

i dF WorkMove[ActuatorContral] Inputl REAL H514 Input value 1
rol] Inputz REAL H316 Input value 2
ek Input3 REAL H518 Input value 3

LowiLimit REAL Hszz2 Lower limit value

UpLimit REAL H5z20 Upper limit value

Internals }, Inputs A Dutputs)\ Extemals/ [N | ¥/
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Move the mouse cursor to a
function block icon ﬂs then
right-click. Select

— Insert Function Block

— Ladder

Now new FB is created.

5. Entering FB Definition

This section describes how to enter an actually-designed program and debug it.
New project must be created and “ActuatorControl” FB of Page 5-4 must be entered.

5-1. New Project Creation and PLC Model/CPU Type Setting

Refer to page 2-3 and create a new project. ) )
! Select a PC model from the followings to use function

blocks.
CJ2H, CS1G-H, CS1H-H, CJ1G-H, CJ1H-H, CJ1M

=&l
=l

[ Ble Edt View Insert PLC Program Tools Window Help

DedRen seeocnuner||csaniinjeaR e reCnER k(%]
saalEsERER[Griw | —coaaElk|[|F S |BEEER
=== Sl PR

=izl o I[ngmmmame MNewProgram]

I»1

=452 NewProject
D NewPLCI[CS16-H] Offline
-5 symbols
L@ 10 Table and Unit Sstup
: Settings
Ly Memary
=% Programs
| -5 NewProgram1 (00)
3 symbols
B3 sectiont
: 3 Enp
L. dF Function Blacks

[Section Mame : Section!]

[4] |
= Mame: Address or Yalue: | Comment: |

|MewPLE1(Met:0,Node:0) - Offline [ [rungo (o, 0y - 100% [ [ [

I\, Proiect /

For Help, press F1 [

5-2. Creating Ladder Definition FB

Create Ladder definition FB. =% Programs
EI‘@ MewPrograml (00)
I 1

: 3 Symbols
- Fg Section1
[ @ EMD

------ 3} Function Blod

ks

Insert Function Block

o Cut
Copy
E. Paste

[elete

FLICELIFE

Erom File. ..

,T Allove Docking
Hide

Eloat In Main Window

Properties

Eﬁ FIJFu'i-'-"' Blocke
JLF FunctionBlockl
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5-3. Entering FB Ladder Program |

Change FB definition name.

EI % Programs
LB ‘a MewPrograml (00)

Caution:
-2 Symhils . -
B Sectiont A user cannot create function block definition name
6 starting from "_"
Move the mouse cursor to a o The name must start from a character other than "_".
copied function block icon JLF, seesseesses b chion Blocks
then right-click. Select 4-4LH ActuatorConkrol
— Rename
Enter [ActuatorControl].
..eese°*{ Variables Table
= yntitled - CX-Programmer - [NewPLC1.Functionblocki [FB Ladder]] oL n =lelx|
DFne Edt Yiew Insert PLC Program Tooks Window Help " =@ x|
Damma\émse Bl 2e|anz(ee/|assasn \@,@@\ﬂ”ﬂ@.\'@mmm\ W%
. oal SEmERG AW | —OoBEEEL k H]f—‘l@m\ﬂz'@'@ﬂzlm [BEEE |
Open FB ladder editor. I rg@.m@‘ﬁg@..‘m“m‘”&‘
Rt [t tyoe = LAt 1w W T T

Outputs Externals | cooo® Ladder |I’1put SCI’een

Move the mouse cursor to a

function block icon 3tF, then

double-click to openthe  eececcccccsccey
function block ST editor.

o.

LR LY mmm
Name: Address or Yalue: Comment:

[ [NewPLC1{Meti0,Hode:0) - Offine [ [ frung 0(0, 0 - 100%

Select the variables table and register variables in the function block.
All variables of “ActuatorControl” FB of page 5-4 must be registered.

Note: Order of variables must be the same as FB instance order.
To change order of variables, select a variable name then drag and drop it.

Select ladder input screen, then enter a ladder program.
All variables of “ActuatorControl” FB of page 5-4 must be registered.

Note: Although you can enter a circuit in the FB ladder editor similar to the main
ladder editor, entering of address in the FB is invalid.

Note: To enter variable list in a line comment, you can select a variable from
variables table then copy it. You can use it for more efficient input.
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5-4. Transferring Program |

Connect to CX-Simulator online, transfer a program, then set PLC (simulator) to monitor mode.

For how to connect online and transfer a
program, see page 2-10.

2= _sample_e3 - CX-Programmer - [Running] - NewPLC1.NewProgram1.Section! [Diagram]] - (O] %]
[FH Fle Edit View Insert PLC Program Took Window Help -2 x|

DSEE(EnsBu(oc|nrnte|siEa s E8R asR 220 Ly |
aoqifE=mER|crwirw | —cpEEEL k||Be@|Bw B BERD |
DEEROS @2 (28|

T j
E- 8 NewProject test
28 NewPLCI[C31G-H] Monitor Made
72 Symbols Actustorcortrol
1@ 10 Table and Unit Setup P_on 0oLy B00L)
I Settings T Enl ENG)
+[E] Memary card Always O Flag
+By Error log om0 (B00L) (B00L) 004
&) PLC Clock. PosDirinput ActustorPosCul
{5 Memary ] 0
& % programs oot (B00L) (BOOL) 005
i E1-55 NewPrograml (00) Running hegBirinput ActustorblegOut
: 22 Symbals 0 0
g sectiont
i 00z (800L)
H -3 Enp LSpos
=-4F Function Blocks 0
+.-2F ActuatarContral
003 (B00L)
[ Sneg
0
3

q | v e | _’lll

Project = Hame: Address or Yalue: [ Comment; |
For Help, press F1 [ [NewPLCL{Simulstor) - Monitor Made [ 25ms [svMC [rung 1 (s, 0) - 100%

N

5-5. Operation Check-1

Change current parameter value of FB call statement on the main ladder, then check the
operation of “ActuatorControl” FB.
Monitor the instance of ActuatorControl FB first.

te
Move the cursor to FB call ececccccccscsccccs
. Actuzto:Control
statement, then double-click
i (EOCL) (BOOL)
orclick Jp4 button. EN BB
oz
0.00 (BOOL) (BOGLY 0.04
JPosDitinput ActustorPosCOut -
a a
0. (BOOL) (BOOL) 0.0s
AMeqDirinput ActustarMegOut |-
o o
0.02 (BOOL)
LEpos [Function Block Name : ActuatorControl]
o
[Instance Name : test]
0.03 (BOOL)
JLSneg Actuator Control FB
0 Summary:
If Inputt for positive direction is on, then Actuaor output for posttive direction is on until Limit Siwtch for positive direction.

If Input for negative direction is on, then Actuaor output for negative direction is on until Limit Siwtch for negaive direction.

Input variable:
PosDirinput:BOOL
NegDirlnput:BOOL
LSpos:BOOL
LSneg:BOOL

ActuatorPosOut:BOOL
ActuatorNegOut:BOOL

@: Output variable:

PosDirinput LSneg LSpos ActuatorPosOut
I 11 1A

Input for polsitive ... Limit swilicrll for n... |Limit swi;::?ll for p...
FB ladder instance (under eecccccccccsccccsscccccsscne. ActuatorPosOut

condition of address assigned) Actustor output ...

is monitored. T Lspos Lsneg ActustorNegOut

k 17 V'
Input for negative... Limit switch for p... [Limit switch for n...
ActuatorNegOut

Actuator output ...
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Display the main ladder and FB instance (FB ladder called by the main ladder) at the same
time, then check the operation while changing current parameter value of FB call statement in
the main ladder.

i _sample_e3 - CX-Programmer. |8 x|
Ele Edit Yew Insert PLC Program Took Window Help

DEHE|R SR ikeoc (a2 ||aass 4 REREFE BEED LW L
aoq|EEErERS A | —opaEEL X ||Bomanun B mEEE |
[N=l=l=R=l=E T 0018 (4
| [# [Running] - NewPLC1.NewProgram1.Section1 [Diagram] -0l x|
158 NewProjert (Eey
-2 NewPLC1[CS16-H] Monitor Mode a
= Symbols F_On (E?\‘OOL) (aoEc%)
@ 10 Table and Unit Setup L ey
Settings & 3
0.00 BOOL BO0L 004
!::f(:;am S Actustorbet
PLC Clock ® g
< Memary oot (BoCL) (BO0LY 005
5% programs ANegDirinput ActustorhiegOut
(=g NewPragram1 (00) Runring ° 0
3 Symbols 0.02 (BOOL)
-5 Sectionl e
& Enp @
=-4F Function Blocks 0.03 (BOCL)
il ActuatorContral L)
0
1 -
141 | 3
=l Hame: Address or Yalue: | Commert: | 4
T > T 7
k = 1 t
It for postive ... imit svitch for n. Limit swich for g
Wit
—
Actustor output 1
1 NegDipd Lgos LS‘;‘EQ ActustorhlegOut
Input for nelgatlve Limit swich for b [Limit S
ActustorNegut
Actustor output 1
2
ol [ (LLed | _>IJ
Froject =4[ Cocal | Mame: PosDirinput Address or value: [H527.02 Comment: Input For positive direction 4
For Help, press FL [ [NewPLC1{Met:0,Nade:0) - Manitor Made [ oEms [SYnC frung 0(s, 3) - 100% [ |

5-6. Operation Check-2

Enter following parameter values of FB call statement and check if expected output should be
provided. In this example only (1) is shown, but all combination of conditions must be verified.

(1) Initial State: Turn 0.03 ON. => 0.04 and 0.05 must be OFF. FB instance ladder monitor screen
must be under state that corresponds to the value.

(2) Actuator forward direction operation-1: Turn 0.00 ON => 0.04 must be turned ON. FB instance
ladder monitor screen must be under state that corresponds to the value.

(3) Actuator forward direction operation-2: Turn 0.03 OFF => 0.04 must be ON and 0.05 must be
OFF. FB instance ladder monitor screen must be under state that corresponds to the value.

(4) Actuator forward direction operation-3: Turn 0.02 ON => 0.04 must be OFF and 0.05 must be
OFF. FB instance ladder monitor screen must be under state that corresponds to the value.

AL LU
P_0n (BOOL) (BOCL)
M Encly ooo (BOOL) (BOOLY 0.04
Abvays ON Flag JPosDirinput ActustorPosOut | ’
0.00 (BOOL) (BOCL) 004 0 0
{PosDirinput ActustorPosOut |
2 2 oo (BO0L) (BOOL) 005
AMegDirnput ActustorMegOut -
om (BOOL) (BOCL) 00s 0 0
AiegDirinput ActustorhlegOutl
a a 002 (BOOL)
JLSpos
0.0z (BOOL) o
dLSpos
0 003 (BOCL)
LSney
003 (BOOL)
Move the cursorto 0.03and  ceeecceeeeee LSney o c1)
1
press [ENT] key. 4
— 1 must be displayed.
Mame: [ A
PozDirlnput LSpo=
i Ve e
i I 1A
Input for postive ... LimMﬂ.. Limit switch for ..
Addiess: AtiatarPostlf
I
11
Data type: IBDDL 'I Actuator output 1.

LSpos LSneq
Walue: | | |

Enter 1 and press [Set] button.

1T T
e... Limt switch far g |Limit switch for n..
|| Actuatorhizgout
T

‘0,1 [OCH]
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5-7. Entering/Debugging Other FB Definition |

Thus far, entering and debugging for “ActuatorControl” FB are described. Other FB definition
must be entered and debugged as well.

5-8. Batch Registration to Watch Window

For debugging, you can use batch registration of FB instance address to Watch Window instead
of FB ladder monitor.

I [Section Name : Section1]

Edit. ..
P_On FEGE Y GoTo C
| I ER
Alweays OM Flag Down To Lower Layer
0.00 (BOOLY 5 Up To Upper Layer

J{PosDirlng

Wpdate Funckion Block Invacation

a
Move the cursorto FB call eeeeces -..............0-01.....{\]&00
statement you want to register, i

q q 0 a
right-click, then select [Register
o o - 0.0z (BOOLY
in Watch Window] in the menu. JL=pos Find Bit Addresses
o Find Addresses
0.03 [BOOL) Find Mnemonics
JLSnegy
1 at k.
Copy

harna: arlrnce e vtale Y Paste I

=

x x4
ELT NewPLL] ELC [MewPLCT -|
FB Instance: test = l FE Instance: I test = l
Select Usage and Data type seeseeseescoscsdbazase Internal Usage: A -
if necessary. Data Type: 2l = Data Type: 2l =
MName | Diata Type | Comment |_Name | Diata Type | Comment
PozDirlnput BOOL Input for positi

MegDirlnput BOOL Input for nega
LSpoz BOOL Limit switch fo
LSneg BOOL Limit switch fo

ActuatorPosOut
Actuatort egOut

BOOL Actuator outpy
BOOL Actuator outp

4] | | | | I
Cancel |

=101 R e
V4

Select a name to register,
then press [OK] button.
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5-9. Executing Steps using the Simulation Function

Advanced

L)

L)

Setting the simulation function breakpoint and using the Step Execution Function, you can
stop the execution of the program and easily check the processing status during program
execution.

This function can be used with CX-One Ver.1.1 and later (CX-Programmer Ver.6.1, CX-Simulator Ver.1.6

and later)

5-9-1. Explanation of the Simulation Buttons

The toolbar buttons below are for use with the simulation function. The function of each button
is described here.

& »mnm

HJZ ﬂl » }l ‘ Simulation Buttons

!

Set/Clear Breakpoint
(F9 key)

Select locations (ladder, ST) where you want to
stop while executing the simulation and a red
mark will be displayed by pressing this button.

Clear All Breakpoints

Delete a breakpoint (red mark) set using the Set
Breakpoint button.

Run(Monitor Mode)
(F8 key)

Execute user program. Run mode becomes
monitor mode.

Stop(Program Mode)

Stop user program execution. Run mode
becomes program mode.

Yy | =|m| ¥ | &

(=

(Shift+F11 key)

Pause User program execution pauses at the cursor
location.
Step Run Execute one user program step.
(F10 key) In the case of a ladder, one instruction, and in the
case of ST, one line.
Step In Execute one user program step.
M (F11 key) In cases where the cursor location calls the FB
-J: call statement, it transfers to the called FB
instance (ladder or ST).
Step Out Execute one user program step.

In cases where the cursor location is the FB
instance, transfers to the base FB call statement.

¥

Continuous Step Run

Executes user program step, but automatically
executes steps continuously after pausing for a
certain amount of time.

Scan Run

Execute one user program scan (one cycle).




Entering/Deb Creating FB Entering Main Debugging

Program . -
: ugging FB Definition A
Design E?gfin%ion Library Program Main Program

5-9-2. Setting Breakpoint and Executing Steps |

Here is an explanation using Simulation Function “WorkMoveControl_LSONcount” FB Debug as
an example.

[ T S —— =10l

File Edit View Insert PLC Program Tools ‘Window Help
DEE (SR Be = w2 n|[azBa s ER(ASEBEDE|- wlas
aoa|isEmERs b | —opaaEl ik ||[oew|me st 8B mE R |
EEEROE %20 (285w

[ g m w2 > |

e EE o

= B WewPLCI[CS1G-H] Stop/Program Made

Ll

2 symbols 2 Stages, BoxSelect
] 10 Table and Uit Setup : WiorkMaveCortral_LSONcount
Settings
[E] memary card P_Cn (BOOL) (BOOL)
(B3 Error log — &l ENOl
PLC Clock Always ON Flag
<t Memory w000 (B0CL) (BOOL) 4.00
B % Programs RightDirinput ActustorRight |
-G} MewProgram! (00) Stopped 0 En o
Y Symbols W01 (BOOL) (BOOL) 401
&) Sectiont AlefiDirinput ~ ActustorLefto [
3 enp 0 n o
£ TF Function Blocks 300 (BOOL) (LINT) oo
ActuatarContral ALsright LS_ONnumber |
#ovg¥alus_ThresholdCheck 0 oL
DVD._ThickSelectControl 201 (BOOL)
IFF workMoveControl_LSONcount, HLslett
0
010 (BO0L)
JReset
0
3
141 | _»l_l
I\ Project / E | Mame: Address or Yalue: | Camment: | V7
For Help, press F1 [T |NewPLCL{Simulator) - Stop/Program Mode [ [svnC [rung 0¢0, 2) - 100% V7

Change from run mode to monitor mode.
Display “WorkMoveControl_LSONcount” FB instance.

C e Fovselent
Move the cursor inside the FB  «.eteeeeeeceeeeee s bighiastontsl Lsotiount
call statement and double-click P_On | (8L (800L)
the mouse or click the s Aluvays ON Flag
[ n ]
Wid.00 BOOL! BOOL 4.00
button. .%\gmmawnpm Ac‘tuato(rRigm) L
0 on 0
Wil (BOOL) (BCOOL) 4.01
JLeftDirlnput ActuatorLefto L
o n a
3.00 (BO0L) (LINTY 10
ALSright LS _Ohnumber |-
a oL
3 (BOOL)Y
JLSlett
a
010 (BOOL)
{Reset
o

(* Created by maching development div, Yamads: 10-01-2005

(* Resets number of times opening - closing limit siwtch £

T L l.5tageA_Boxselect[WorkMoveControl_LSONcount][FB Instance] - IEIIﬂ
[*Wark move control and court of number of times open - close

IF Reset = TRLUE THEN Reset=0
PrevCyclelS = FALSE; PrewCyclelS = 0
EMD_IF;

The present values of the

variables corresponding to the 1 Calls orkMave (instance: of ActustorCortral FB) %)
. . Workhove(RightDidnput, LeftDirinput, LSright, LSIeft, Actuatorfi RightDirlnput = 0, LeftDirlnput =0, LSright =0 | LSleft =0, Ac
program are monitored in FB ST

(* Counts number of times opening - closing limit switch *)

Instance (with assigned address). IF PrevCycleLS = FALSE and LSright = TRUE THEN PrevCyclels = 0, LSright = 0
LS_OMnumber = LS _ONnumber+1; LS_ONnumber = 0,1
EMD_IF;

PrevCyclelS ;= LSright; (* Copies LSright to compare st next ex PrevCycleLS =0, LSright = 0

—~ ——
ST Program Variables and present values
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Set the current value in the FB call statement parameter and confirm execution condition.
Set the following cases:
RightDirlnput: ON
LeftDirlnput: OFF
LSright: OFF
LSleft: ON
Reset: OFF
In this case, the following outputs are expected:
ActuatorRightOn: ON
ActuatorLeftOn: OFF
LS_ONnumber: 1

Move the cursor to the FB
call statement left input and eeeeafes pon
click the “-ﬂrll- button. Alweays ON Flag

—
—

The programs stops at the breakpoint.

Click the ] button.

# PoOn

Alvvays OM Flag

Perform breakpoint input contact. It stops at the following step of FB call statement.

=
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Press [«][V][ V]

—_

{

ENT

L

ENT

{

Pres:

(%]

(Hd

m
Z
_|
=

U

Click the lﬂ: button.

Position of ST Monitor execution (

Entering/Deb
ugging FB
Definition

Library

Creating FB
Definition

Entering Main
Program

Advanced

Debugging
Main Program

Turn input parameter “RightDirlnput” and “LSleft” ON in the FB call statement.

(*Work move contral and count of number of times open - close
(* Created by: machine development div. Yamada: 10-01-2005

Reszets number of times opening - closing limit siwtch =)
H»  [BReset = TRUE THEN
PrevCyclel s := FALSE;

END_IF;

(* Calls WiorkMove (instance of ActustorContral FB) %)
Wiorkhiove(RightDirinput, LeftDirnput, LStight, LSleft, ActustarRih

(* Counts number of times apening - closing limit switch #)

IF PrevCyclel S = FALSE and LSright = TRUE THEM
LS_Ornumbet ;= LS_OMnumber+1;

END_F;

PresCyclelS ;= LSright; (* Copies LSright to compare at nesxt ex

¥ NewPLC1.Stages_BoxSelect[WorkMoveControl_LSDNcount][FB Instance]

The necessary input parameters were set.

Staged_HoxSelect
WorkMoveControl_LSOMcount
® P_On (BO0L) (BO0L)
| = =] EMC
Alvvares O Flag
/(BO0L) (BOOL) 400
E : Rigght Dirlmpoot ActustorRight
] 1 H On 0
ST eooL) (BOCL) 401
Leftirlnpt ActustorLeftC
1] o 1]
3.00 (BOOL) (LINTY oi0
LSright LS_Ohnumber:
] oL
3.0 (BOOL)
LSleft
1]
010 (BO0L)
Reset
1]
Staged_BoxSelect
‘WorkhloveControl_L=SONcount
# FP_On [BOOL) (BOOL)
I I (=] ENGC
Alweays O Flag
W00 (BOOL) (BOOL) 4.00
RigrtDirinput ActustarRight
o - o
W01 (BOOL) (BOOL) 40
LeftDirinput ActustarLeftc
u] n o
3.00 (BOOL) (LIMTY 010
LSright LE_OMnumbet
0 oL
sreccieccicreccirecciy
; S (BOOLY
7 AT
a.1a (BOOL)
Reset
u]

—lol x|

Resst=10
PrevCyclelS =0

RightDirlnput =1 | LeftDirinput = 0, LSright =0 LSleft =1 | Ac

PrevCyclelS =0 | LSright = 0

LS_Onnumber = 0L

PrevCyclels =0, LSright = 0

4| | 2l | i

The cursor moves to the first line position of the called ST program.
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(i

Workhove RightDirinput, LeftDitinput, LSright, LSlett, ActuatorRi

‘ Transitions from the ST program to the called FB ladder
program.

[* Calls WorkMaove (instance of ActustorControl FE) *)
it =0, Lsright = 1, LSleft = 0, ActustarRighton =1 | Actusto

Click the b_u: button two times.

[W NewPLC1.Staged_BoxSelect.WorkMove[ ActuatorControl][FB Instancel - |I:I|5|
ActustorNegOutOB00L ZI
( ml%éﬁi’ﬁjngfiuu LEnegy LEpos ActuatorPosm
1 |

CETTTTT s

1T I

Input for posi... cLimt switch fo... [Limit switch fo..

A istnrE st

|

Actustor outp...

1 MegDirlnput LSpos LEney ActustoriegOut
| 1 |

1T 1T I

Input for negat... Limit switch fo.. |Limi switch fo...

oy

\ ActustorMegCut
|

1 T ,

I:j g

Confirm the input conditions are correct from the ST program
to the called parameter.
3

of
[« | 2

ﬂﬂ| Local  Mame: [PosDirInput Address or Walue: [H526.02 Comment: |Input For positive direction 4
¥ NewPLC1.5taged_BoxSelect. Control][FB Instance] =] 3]
Click the M button five times. I B ST =
PosDirlngput LEney LSpos ActustorPosCut
Il Il ]
1 11 I
Impout for positi.. Limit ssitch fo.. [Limit ssitch fo..
ActustorPosOut o
| | .
T .
Actuator outp. . o
////////////////////// °
1 ¢ MegDirmput = LSpoz LSneg o ActustoriegOut
517 — | 11 -
ZInput for negat... A imit switch fo. . [Limit switch fo. L
s g 5 .
Ij Acfuatorﬁfegéuf/ b
{ | Confirm the expected output “ActuatorPosOut”
Actustor outp...
value.

3

of
[« | >

=l 4l [ocal  Mame: [MeqDirinput Address or Value: H526.03 Comment: [Input For negative direction v
Click the M button. - Confirmation has been completed.
Return to the calling ST program.

wt=0,LSright =1, LSleft=0, ActuatnrRight@c’[ua’m
. L]

(* Callz Workhove (instance of ActustorControl FE) *)
WorkMoveRightDitinput, LeftDitinput, LSright, LSleft, ActustorRi

=]

Confirm the previous circuit processing result is correctly reflected in the calling ST
program monitor screen.

=
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Transfer to the calling ladder program.
# P.On
. | |
Click the {M button. Atvrays ON Flag
4.00
1
4.01
1]
(sl
oL

Confirm the output parameter is reflected correctly.

Hint |
ST program change parameter current value can be performed with the following operation.

Avgvalue = CInput! + Input2 + Input3 3 4 3.0; IR — M ONANnOn Flegt | nput] = +0.0000
IF ({Avgvalue ==UpLimit) ARD (AvgYalue ==LowLlimit)) THERM (* A Copy , UpLimit = +0.000
Resuft = TRLE; Resu
Force

ELZE

£* D

-

Resuft .= FALSE,
ERD_IF;

Select the parameter you want to change
, with the mouse cursor and click the right
mouse button and select Set = Value
x
Address: |H524 Set I

j Cancel |

Data tupe: |F|EAL

Value: |1 2344

-3 4028232+38 to -1.175495e-38,

0o,
+1.175495e-38 to +3.402823e+38 [2CH)

- Set value and click the [Set] button.

Avghalue = [ Input! + Input2 + Input3 10 3.0 * D
IF (A Walue ==UpLimit) AND (Awoghalue ==LowLimit)) THEM £*
Reszuft .= TRLIE;
ELZE
Result =0

Re=zuft .= FALSE;
EMD_IF;
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6. Creating FB Definition Library |

To reuse operation-verified FB definition, it must be incorporated into library (file).
Check the hierarchy using project workspace and FB instance viewer, then determine the FB
definition you want to incorporate into library. In this case, it is “DVD_ThickSelectControl” FB.

E--% MewProject

-2 NewPLC1[C516-H] Cffline
----- 52 Symbols
-} 10 Table and Unit Setup
----- Settings
@ Memory
EI% Programs
E@ MewPrograml (00} -3 Symbals
-5 Symbols - g sectiont
B Section1 i -G END

@ END E|§:F Function Blocks
+JIF ActuatorControl
I5F Avgvalue_ThreshaldCheck

=-{F Function Blocks
ActuatorControl

_____ eee®
e
Select e’ ‘1N Save Function
“DVD_ThickSelectControl” FB, PRPRTTLIL A £ comple
right-click and select [Save ¢***°T * (ot Rung/step..
Function Block to File] from -
the context menu.
1 2]
Jl Sava_inlaFEL j = £ E2-
Froject / =
omronlib
=[5 8D NewpLCt E:;?z;

E|5EF Staged_BoxSelect[WorkMoveContral_LSOMNcount] | sta
| g P
Stages_DWDThickSelect[DYD_ThickSeleckControl]
I5F DD ThickJudge[Avgvalue_ThresholdCheck]
WorkMove[ ActuatorControl]

Function Blockl.cxf

Select [Save].

LN =gy
File hame: Save
Save as type: IFumctlon Block Library Files(* cxf] ﬂ FIEE]
-

Default folder for saving is C:\Program Files\Omron\CX-One \FBL.

It can be changed by CX-Programmer option setting “FB library storage folder”.
OMRON FB Library is under omronlib folder.

Create a folder so that you should be able to classify it easily, such as Userlib\DVD.

CX-Programmer ¥5.1 x|

The Following function blockis) used by 'DYD_ThickSelectContral' have been also saved to
'DVD_ThickSelectContral .cxf',
- ActuatorContral
- Avg¥alue_ThresholdCheck

When saving FB definition that calls another FB, both FB definition are saved.
When retrieving a project, calling-called relationship is maintained as saved.
It is easier to manage FB definition because saved FB definition is integrated.
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7. Entering Main Program |

Add the main program to a project file that contains debugged FB definition. Program to be
entered is one that is described in 4-5. Total Program Description in page 5-7.

[Global Variables]

rame | Data Tvpe | Address [ Yalue | Rack Location |
ﬁStage.ﬁ._BDxSelect FE [WWaorkMoveCaontrol_LSOMoount] A [Auto)]
ﬁStage.ﬁ._D'u'DThickSelect FE [OWD_ThickseleckCankral] A [Auta]

* Other instance variables than those to use FB are omitted.

-
Staged _DWDThickSelect
DYD_ThickSelectContral

0.00 [(BCOL) (BOOL)
11 EM ENO |
1.00 (BOL) (BOOL) 200
JL Sright CylinderRighton L
1.01 (BOL) (BOoL) 2m
JLSleft CylinderLefton |-
Do (RE&L)
HMeaszure
D2 (RE&L)
Jheasure2
D4 (REAL)
HMeazures

Staged BHoxSelect
: WarkhMoveCortrol_LSONcourt

P_On (B0 (BOOL)
| | EM EMC L
Wo.00 (BO0L) (BOOL) 4,00
JRightDirlnput ActuatorRight On [
WO (B0 (BoOL) 401
JLeftDirlmpwt ActuatorLefton |-
3.00 (B0 (LIMT) D10
JLSright LS _OMnumber -
3.0 [(Sele ]
JLSleft
010 [(Sele Y]
|{Reset

For how to enter a program, refer to pages from 2-6 to 2-9.
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8. Debugging Main Program

Main program must be debugged considering followings:
e Program areas that are irrelevant to FB
e Program areas that are relevant to an input parameter to FB
e Program areas that refer to an output parameter from FB
Main program in this example has no such area, thus explanation is omitted.




Supplemental Information

How to delete unused Function Block definitions

When you delete unused Function Block definitions, it is not enough just to delete the Function Block call statement.

This is because the Function Block instance definitions are registered in the global symbol table.

At this situation, when the compile (program check) is done, then the unused function block instances will be shown on the
output window. You can identify the unused function block instance definitions and delete them easily.

The Function Block definitions and Function Block instances are a part of user program in the CPU unit even if they are not
called, so it is recommended to delete unused Function Block definitions and instances before transferring the program to
the CPU unit.

Execute Compile key

Result of Compilation

x| hame | Data Type | Address | Value | Rack Location | Usage | Cornrment
5 5 NewProject I I BooL cFoo7 Witk Less Than (LT) Flag
E E‘E MewPLCI[CS16G-H] Offline = P_Max_Cycle_Time UDINT A6z wiark, | Maximum Cydle Time
-+ 532 Symbols CPM BOOL CFO0G wark | Hegative ih) Flag
7 10 Table PNE BOOL CFoDL Work | Mot Equals (NE) Flag
;) Setngs © PLOF Q0L CFO0g work | Gverflow (OF) Flag
Eg :;";f;:’ns - P_Off BoOL CF114 Work. | Alwavs OFF Flag
© E1G MewPragram! (00) " Pon : s ittt Bl Confirm Symbol Delete |
S symbels * P_Output_OFF_Bit BOOL SO0, 15 wol
& sectiont + P_step BooL A200.12 Wal
e ||| Soo o & Are you sUre vou wank to delete symbal aaza?
E--IF Function Blocks -
- 37 Functionlock 3

PLC: NewPLC1' [PLC Model 'C51G-H CPU42'
Compiling...

W ARNING: Tinused Function Block instance. This can i
[PLC/Program Name - NewPLC1 /NewProgram1] Double click mouse left button

[Section Hame : Sectionl] Click mouse left bUttO‘
[Section Mame : EMD]
[PLC/Program Mame : NewPLC1/FunctionBlack1]

NewPLC - O emors, 1 warning,
The programs have been checked with the program check option set ta Unit Ver. 3.0

Function Block definition will be deleted. I

Memory allocation for Function Blocks |

It is necessary to allocate required memory for each function block instances to execute Function Blocks.
CX-Programmer allocates the memory automatically based on the following setting dialog information.

( PLC menu — Function Block Memory — Function Block Memory Allocation)

There are 4 types of areas, ‘Not retain’, ‘Retain’, ‘Timers’, and ‘Counters’. Please change the settings if requires.

® Notice when changing the settings
If you change the ‘Not retain’ or ‘Retain’ area, please consider the allocated memory areas for the special 10 unit
and CPU SIO unit.

@ Special memory area for the Function Blocks
CS1/CJ1-H/CJ1M CPUs (unit version: 3.0 or higher) have a special memory area which is extended hold (H)
relay area.
The address of the area is from H512 to H1535. CX-Programmer sets the area as a default.
Please note that the area cannot be used for the operands of ladder command.

Function Block Memory Allocation [NewPLC1]

FE Instance Area | Start Address | End Address | Size Ok
Man Retain

Rretain H1408 H1535 128 Cancel
Tirners T3072 T4095 1024 Edit
Counters C3072 C4095 1024

Drefault

Advanced..

Eleele




Useful Functions

Command Operand Input Automatic Search and List Display

It is possible to automatically display a list of symbol names or IO comments when entering the operands of commands.
When entering the operand for contact or output (or special instructions), enter a string, and the dropdown list is
automatically updated to display in symbol names or IO Comments using the defined string. Selecting the item from the
list defines the operand information.

This is an efficient way of entering registered symbol information into the ladder.

Example: Enter text “Temperature” to the edit field in the operand dialog.

x
j Detail > | Cancel

Click j or push [F4] key; all symbols / address having 10 comment containing the text
‘temperature are listed. See below:-

x4
~| petaiis>|[ ok | cancel |

alarm1, 0,00, Temperature eror of the work, surface [over 50 degrees C)
alarmiZ, ‘w001, Temperature eror of the heating plate [over 150 dearees C]
temp_alarmOl, 'Ww1.00, Temperature eror of bop of the equipment & [over 800 d
ternp_alarmDZ2, 'w1.01, Temperature ermor of bottom of the eguipment & [over 710

For instance, select ‘temp_alarm01, W1.00, Temperature error of upper case of MachineA’, from the list.
The operand is set to be using symbol ‘alarm01’.

x
al; j Dgtail>>| Cancel |

FB Protect Function |

Preventative measures can be implemented by setting the password in the function block definition allocated on project file,
protection corresponding to the use, program know-how leaks, improper changes, and alterations.

@ Prohibit writing and display

By setting the protection classification “Prohibit writing and display,” the corresponding function block definition contents
cannot be displayed. By setting the password protection on the function block definition, program know-how leaks can be
prevented.

® Prohibit writing only

By setting the protection classification “Prohibit writing only,” the corresponding function block definition contents cannot be
written or changed. By setting the password protection on the function block definition, improper program changes or
modifications can be prevented.

Function Block Protection Setting x|
Function Block Properties |
51| General Protection | e —— | Memory | Input & password alter selecting & protection type.
g secoons USRS Protection Type:
3 Enp & ~
v #llow Docking Prohibit writing and display Prokibit wiiting only
E-4F Function Blocks o2 Hide Protection Status:

A ActuatorControl
& Awgialue_ThresholdC.
EEF0UD Thickse|

FF WorkMoveControl

Eloat In Main Window

INo pratection
Release Password:
Password (confimation];

Seb Cancel




Overview of Helpful Functions

Generating FBs Based on an Existing Ladder Program

FBs can be generated easily based on programs with proven operating results.
This function can accelerate the conversion of program resources to FBs.

Select the program section
that you want to convert to an
FB and right-click the mouse.

Online Edit
Go To

Find Bit Addresses
Find Addresses
Find Mnemaonics

& cur
Copy
E Paste

Delete

Move

SOUPCE

Destinatiar]

IFunction Blo

Reusable File

Show Bung As
Read Only Mode Edit

Insert Below

Insert Above

‘ Select Function Block (ladder) generation.

The FB Variable Allocation Dialog Box will be displayed.
x|

Internals | \npulsl Dutputsl Input#Dulputsl

Address ‘ Mame ‘ Type | Arnray S\zel AT Spe | 10 Com. |

W0.01 Setting BOOL a No
D100 Data WORD 0 Mo
D200 5P WORD 0 Mo
W00 AutoGe BOOL 1} No

When necessary, change the usage of variables and addresses (internal variable, input variable, output
variable, or input-output variable) used in the program section. Select the variable and select Change
usage from the pop-up menu.

|Address | M ame | Type | Array Size| AT Spe... | Id

D100 Change usage * Intermals

D200 SP WORD Inputs
'w0.00 AutoGe..  BOOL Cukputs

InputfCutputs

Note:

If a variable does not exist in an address being used in the program, a variable starting with “AutoGen”
will be added automatically.

When the FB is called in the program, parameters are displayed as variable names, so at a minimum we
recommend changing input, output, and input-output variables to easy-to-understand variable names.
To change the names, double-click the address that you want to change in the FB variable allocation
Dialog Box to display a dialog box in which the name can be changed.




=

FB variable allocation x|

Intemals | Inpuits | Dutputsl Innutf’DutDutsl

Address | MNarme | Type | Array Size‘ AT Spe... ‘ 10 Conn... ‘

w01 Setting BOOL 1] Na
D100 Data WORD 1] No
D200 5P WORD 1] No
w0.00 AutoGe.. | BOOL 1] No

Function Block {Ladder) Generation

FB definilion name: IFunctionBIock]

Commert:

Click the OK Button.

Input the FB definition name -

and comment, and click the
OK Button. T

To insert an FB call instruction created in the ladder Eﬁ Functinm Blork
program, click the Yes Button. FunchionBlock

The FB definition will be created.

CX-Programmer ¥7.0 |

@ Do vwou wish ko insert a Function Block call at the position of the source ladder #

<

- ——

= D w

New Function Block Invocation x|

FE Instance: I= j [ |
FB Drefinition: FunctionBlack1 Cancel |

’ Input the FB instance name and click the OK Button.

= FB Guide - CX-Programmer - [NewPLC1.NewProgramil.Sectionl [Diagram]] =0l x]
[ Fiie Edt ¥iew Insert PLC Program Tools Window Help =& x|
DEHE[E(ER |+l 2 auB(2r|2484% L1 [RIR(E2E|DTET |4
aoaligEmErirwiw  —opETELk |Zop(eons BEEEDR
ERRRRE aaPEEe B s |axs |[ssr mapnep >
———— =
-5 NewProject 2 Wo.a 200
T2 NewPLCL[CS1G-H] Offline 5/— |
5 Symbols
- 10 Table and Unit Setup 3 Seeas)
Settings 7
et Memory FunctionBlock1
B et 0 Jgees 0
2 symbols
B Section?
& END ,(Aﬂu?c%ejn,n,n Amnoe(r??z%j
=-F Function Blocks o 0
“..4TF FunctionBlockl a 20
g Note:
© I This function automatically determines the usage of variables
based on the addresses used in the selected program section, but
& . .
in some cases usage cannot be converted automatically. In these
— cases, refer to Registering Variables First in 3-2-3 Defining
Function Blocks Created by User of the CX-Programmer Operation
Manual: Function Blocks and Structured Text, check the created
L4 L FB definition, verify operation sufficiently, and proceed with actual

', Proect f EK| Name: Address or Value: N
For Help, press F1 [ [ewPLC1(Net:0, Node:0) - OFfline Operatlon .

The FB call instruction will be inserted in the ladder program.
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Chapter 6 Advanced: Creating a Task Program Using Structured Text

Task programs can be created using the structured text (ST) language with CX-Programmer. A wider
choice of programming languages is now supported to enable optimizing the language to the control
object. You can select from SFC, ladder diagrams, or structured text.

Structured text was standardized under IEC 61131-3 (JIS B3503) as a high-level textual
programming language for industrial control. Starting with CX-Programmer version 7.2, structured
text can be used in task programs, in addition to the previous support for use in function blocks.

Note: Refer to page 4-1 for information on using structured text in function blocks.

Controls using IF-THEN-ELSE or FOR/WHILE loops, or numeric calculations using SIN, COS, and
other functions can be easily achieved using actual addresses.

Structured text can thus be used in tasks to easily program numeric calculations using actual
addresses, while structured text can be used in function blocks to enable easily reusing programming.

Note: A task is the smallest programming unit that can be executed in a SYSMAC CS1/CJ1-series CPU Unit.
With controls separated into tasks, execution of non-active tasks is stopped to enable shortening the cycle time.

1. Description of Program

The procedure used to create a program that finds average values is described as an example.

The diameter of a workpiece is measured in three locations and then the average diameter is found. If the
average value is within the allowable range, a green lamp is lit. If the average value is outside the allowable
range, a red lamp is lit. Here, an ST program is created to average the workpiece diameters and determine if
the average value is within the allowable range.

Workpiece

=L
=T

E gm © [

- Measure  Criterion
ala o
1| m o [
aja 2|
Out of

Optical Line Sensor PLC with Analog Input Unit range Inrange  cjear Margin

=[]
=

=% Programs
=%yt Work_piece_Measurement (00

@ ‘3 P bol - ( ) [* Average YWalue Calculstion *)

i Symbols average =(thickness1+#thickness2+thickness3)3.0,  (* average =Average Value  Athickness1 to 3 =Measurement Value 1103 *)

--JEg Default_Sel ing|
kg1 Measuremeri I

.'.'.'.'.'
* Judgement *)

eeeene IF flag = 3 THEM (* flag =Three Times Measurement Flag *)
IF average = criterion-margin THEM (* criterion =Critetion “alue  Amargin =Talerance *)
RS red_lamp:=TRLE; (* red_lamp =Red Lamp (without tolerance) *)

ELSIF average = criterion+margin THEM
red_lamp:=TRLE;
3 = Y ELZE
S SYmeB green_lamp:=TRUE; [* green_lamp =Green Lamp (within tolerance) *)
! END_IF;
............ - EMD IF.

All other programming is done with ladder diagrams.

(1) Initializing Measurement Values and (2) Setting Measurement (3) Displaying Measurement Values and
Setting Margin for Workpiece Diameter Val Average Value on Seven-segment Display
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2. Creating an ST Task

Creating an ST Task

=l

B3 NewPLCI[CI1H-H] Offine
----- =4 Symbals

-]

E% MewProject
-0 NewPLC1[CI1H-H] Offline

W 10 Table snd Unit sstup R = Symbols
f —F ) osettims e | §7 10 Table and Unit Setup
Right-click the Programs ﬁ-} Bttings TR | ¢ v
Icon % and select Insert S MEmary g Memory
Program — Structured Text. =- = Programs

‘“Work_piece_Measurement {00}
2 Symbols

Default_setting
IMeasurement

EMND

@ Result_Display (02)

: 2 Symbols
LED_Display

—

A NEW ST PrOgram Will DE e e,e,0,0,0,0,0,0,0,0,0.0,0,0,0,0,0,8,8,8,8,8,0,0,9,9.9.9,0,0,8,8,8,8,8,8,%,%,%,9.9,9,9,0,8,8,8,8,8,%,%,%,%,9,9,,,,,8,$,,,,°

it S S R L S S R S S

Change the name of the ST :
grtoa%rzm and assigned it to g oo

EETanme
G i

Eloat In Main \Window

Right-click the icon for the -
new program that was = S "
created @ and select e.e.e.e. E @ MewProaram] (Unassigned)
Properties. A dialog box g —
will be displayed. - F Function Blocks

= v

Enter the name of the El

Note: Cyclic tasks

program: _ | Generd | Prtocion| Commeris | are executed
Average Value_Calculation JM, each cycle.
Also, select the task type = - (e

Task type:
from the pu -down menuU: e.e.0.2.2,2.°2,2,52,2,2,5,2,2,5,9,2,0,0,0,0.00.0000

Cyclic Task 01

@ Size: li?ﬁﬁteps
ENT
- JRPRRXXAERS, Symbols table

o % ®
oo JL=TEY]

)

.I
¥ Dperation start

2= Average Value Value_Calculation [Structured Text]] N

: == e 0% * sl x|
Open the ST Editor. I DEH|R S0 B (00 [0ks 2R |[on% |50 |E0R ke EEE 4w |
cxaa | [SEEERS Frirw | —opaastl ik |[3]c et s 1 [BEED |

[Erpans|s2PEE R8s %% 88 E[s e m Mty > |[aasa sz
Zixl [

[DataType | Addressvalue | WgckLocation | Lisage | Comment - I..._o S,
g i ften .:.° = .:.o. e ®
§3 10 Table and Uit Setup ot
Settings . e
I:j e ¢ Note:
e e The boundary
=K
: H g = can be dragged
Double-click the ST IO PP P LE =l with the cursor
. ° .............. [ ]
program icon [Fl. sttt ry d *|l to adjust the
The ST Editor will open. el - i area.
] Lomsseseceoittsl ST Editor
For Help, press F1 T [NewPLCL(Net:0, Node:0) - Offine. [ [ [ [ a
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3. Registering ST Program Symbols

The symbols used in the ST program must be registered.

im pyerage Value Measurement - CX-Programmer - [NewPLC1.Average_Value_Calculation [Symbols]] =1of x|
Open the symbols table. | B : o
neH[R(E8n[s=n(ocanslee|ozalinbiResg DR e |
axaa i EEEERE rrrw | —ooaEEl x||[BeHvee s PEEE |
Double-click the Symbo/s Fﬂsana:t\anawl\mwﬁlsia, EEE LT L EEEE e
9 7l [ [DataType | Address | value | RackLocation | Usage | Commert [
Icon =4 . Eﬂéw%&ii‘m —
bal:
The symbols table WI|| ""-.,. =
open. e, e, B
A4 : . =G Work_piece_Measurement (00)
P .2 symbols
) |6 Defaut_setting
:. 5 Messurement
. %, & Enp
v ® e alculation (01)
L b
. 422 Symbols
Register new symbols. I B Loy
L Function Blocks neusofe Eile

5 rrogltes

RIght-ClICK @NyWhEre On o.0.e.e0.%2% 08,22 %% %% %%% %% %% %% %
the symbols table.

Select Insert Symbol from
the POP-UP MENU. o,0,0,0,0,0,5,0,9,0,0,0,0,5,0,9,9,9,0,2,,2,9,0, X
The New Symbol Dialog e

Box will be displayed.

7l |

Enter the name of the symbol.

Select the data type:
* REAL

+ BOOL

« INT

—

Enter the name, data Data type:
type, address or value,
and comment for the

symbol. Carmment: [ Average Value |

Mame:

Address or value: {08 |

Enter the address or value.

Enter a comment to describe

™| Uit the defiition to the projects Cx-Sener file the symbol.

Advanced Settings... |

When finished, click the OK Button.

[I:j] ’ Repeat the above procedure to enter all symbols.

Tame | Daka Twpe | Address [ Walue | F.ack Location | |Jsage | Zommenk lI
* red_lamp BOOL 15.00 Wark,  Red Lamp {without tolerance)

* green_lamp  BOOL 15.01 Work,  Green Lamp {within tolerance)

== thicknessi REAL 0z Wark,  Measurement Yalue 1

== thicknessz REAL D4 Work  Measurement Yalue 2

== thickness3 REAL D& Work,  Measurement Walue 3

== zverage REAL Da Wark, | Average Yalue

== criterion REAL D10 Wark,  Criterion Yalue

== margin REAL Diz Wark, | Tolerance

= flag INT Dz0 Work,  Three Times Measurement Flag
Note:

A function to automatically assign address can be used when registering symbols to enable
registering symbols without worrying about actual addresses, just as is possible for symbols used
in function blocks. Refer to the CX-Programmer Operation Manual for details.
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4. Entering the ST Program |

Open the ST Editor again.

clmssre(]
[E T i | —0 0

e ]
-
"
) | o .
u '0%0,¢ .
" oo,
.
[ ~\l
- AN
. u
p—————||FEEEEEEEEssssEEEEEEEEEEEEE N
v, s B < 2 ) T e T 48
— = =

o'
0

4...'.

Enter the program. I ‘

[* Average Yalue Calculation *)
average =(thickness1+thickness2+thickness3)3.0;  (* average =Average Yalue  Athickness1 to 3 =Measurement Yalue 110 3 %)

b))
“,
S [* flag =Three Times Messurement Flag *)

IF average = criterion-margin THEN k criterion =Criterion Yalue  Amargin =Tolerance *)
red_lamp: =TRLE; E*’led_lamp =Red Lamp (without tolerance) *)
ELZIF average = criterion+margin THEMN '8:
. recl_lamp:=TRLE, 5 Note:
o ELZE s Comments can be added to
% green_lamp=TRLE; green_lam'e =CGreen Lamp Cwithin tolerance) *) an ST program to make it
. O. .
END TF“.'D-'F' easier to understand: (* ).

‘F...,-. o

In a substitution statement, the value on the right (formula, symbol, or constant) is
substituted for the symbol on the left.

This statement calculates the average value. Three measurements are added together,
divided by 3, and then the result is assigned to the average symbol. Here, the constant 3
is entered as “3.0” so that it is in the same data type as the average symbol.

average := ( thickness1 + thickness2 + thickness3 )/3.0;

In an IF statement, the IF line is executed if the IF flag = 3 THEN
) condition is true. If the condition is false, the lines IF average < criterion-margin THEN
< || from ELSEIF on will be executed. If both red_lamp := TRUE;
%| | conditions are false, the lines from ELSE on are - ) . .
‘ — THEEI\II_SEIF average > criterion+margin

Here, the average value is evaluated after three red_lamp := TRUE;

measurements are taken. If the average value is ELSE

not in range, the red lamp is lit. If the average green_lamp := TRUE;
value is in range, the green lamp is lit. END_IF;

END_IF;

This completes entering the ST program. The remaining processing is programmed in ladder
diagrams and then the F7 Key is pressed to compile and run an error check.

When the entire program has been completed, an online connection is made with the PLC
and the normal program transfer operation is performed.

F7

B




Appendix. Examples of ST (Structured Text)

IF Statement Examples

IF expression1 THEN statement-list1

[ ELSIF expression2 THEN statement-list2 ]
[ ELSE statement-list3 ]

END_IF;

The expression1 and expression2 expressions must each evaluate to a boolean value. The statement-list is a list of
several simple statements e.g. a:=a+1; b:=3+c; etc.

The IF keyword executes statement-list1 if expression1 is true; if ELSIF is present and expression1 is false and
expression?2 is true, it executes statement-list2; if ELSE is present and expressioni or expression2 is false, it
executes statement-list3. After executing statement-list1, statement-list2 or statement-list3, control passes to the
next statement after the END_IF.

There can be several ELSIF statements within an IF Statement, but only one ELSE statement.

IF statements can be nested within other IF statements (Refer to example 5).

Example 1
IFa>0THEN In this example, if the variable "a" is greater than zero, then the
b:=0: variable "b" will be assigned the value of zero.
END IF; If "a" is not greater than zero, then no action will be performed
- upon the variable "b", and control will pass to the program steps
following the END_IF clause.
Example 2 In this example, if the variable "a" is true, then the variable "b" will
IF a THEN be assigned the value of zero.
b:=0; If "a" is false, then no action will be performed upon the variable
END IF: "b", and control will pass to the program steps following the
- END_IF clause.
Example 3 In this example, if the variable "a" is greater than zero, then the
variable "b" will be assigned the value of true (1), and control will
IFa>0THEN be passed to the program steps following the END_IF clause.

b == TRUE; If "a" is not greater than zero, then no action is performed upon
ELSE the variable "b" and control is passed to the statement following
b := FALSE; the ELSE clause, and "b" will be assigned the value of false (0).
END_IF; Control is then passed to the program steps following the END_IF

clause.
Example 4 In this example, if the variable "a" is less than 10, then the
IF a <10 THEN variable "b" will be assigned the value of true (1), and the variable
- TRUE: "c" will be assigned the value of 100. Control is then passed to the
b:=TRUE; program steps following the END_IF clause.
¢ :=100; If the variable "a" is equal to or greater than 10 then control is
ELSIF a >20 THEN passed to the ELSE_IF clause, and if the variable "a" is greater
b := TRUE; than 20, variable "b" will be assigned the value of true (1), and the
¢ = 200: variable "c" will be assigned the value of 200. Control is then
ELéE ’ passed to the program steps following the END_IF clause.
b = FALSE: If the variable "a" is between the values of 10 and 20 (i.e. both of
. ’ the previous conditions IF and ELSE_IF were false) then control is
¢ :=300; passed to the ELSE clause, and the variable "b" will be assigned
END_IF; the value of false (0), and the variable "c" will be assigned the

value of 300. Control is then passed to the program steps
following the END_IF clause.



IF Statement Examples

Example 5
IF a THEN
b := TRUE;
ELSE
IF ¢>0 THEN
d:=0;
ELSE
d :=100;
END_IF;
d :=400;
END_IF;

WHILE Statement Examples

WHILE expression DO
statement-list;
END_WHILE;

The WHILE expression must evaluate to a boolean value. The statement-list is a list of several simple statements.
The WHILE keyword repeatedly executes the statement-list while the expression is true. When the expression

In this example (an example of a nested IF .. THEN
statement), if the variable "a" is true (1), then the variable "b"
will be assigned the value of true (1), and control will be
passed to the program steps following the associated
END_IF clause.

If "a" is false (0), then no action is performed upon the
variable "b" and control is passed to the statement following
the ELSE clause (in this example, another IF .. THEN
statement, which is executed as described in Example 3,
although it should be noted that any of the supported
IEC61131-3 statements may be used).

After the described IF .. THEN statement is executed, the
variable "d" will be assigned the value of 400.

Control is then passed to the program steps following the
END_IF clause.

becomes false, control passes to the next statement after the END_WHILE.

Example 1

WHILE a <10 DO
a==a+1;
b:=b*2.0;

END_WHILE;

Example 2
WHILE a DO
b:=b+1;
IFb>10 THEN
a:= FALSE;
END_IF;
END_WHILE;

Example 3

WHILE (a + 1) >= (b * 2) DO

a:=a+1;
b:=b/c;
END_WHILE;

In this example, the WHILE expression will be evaluated and
if true (i.e. variable "a" is less than 10) then the statement-list
(a:=a+1; and b:=b*2.0;) will be executed. After execution of
the statement-list, control will pass back to the start of the
WHILE expression. This process is repeated while variable
"a" is less than 10. When the variable "a" is greater than or
equal to 10, then the statement-list will not be executed and
control will pass to the program steps following the
END_WHILE clause.

In this example, the WHILE expression will be evaluated and
if true (i.e. variable "a" is true), then the statement-list
(b:=b+1; and the IF .. THEN statement) will be executed.
After execution of the statement-list, control will pass back to
the start of the WHILE expression. This process is repeated
while variable "a" is true. When variable "a" is false, the
statement-list will not be executed and control will pass to the
program steps following the END_WHILE clause.

In this example, the WHILE expression will be evaluated and
if true (i.e. variable "a" plus 1 is greater than or equal to
variable "b" multiplied by 2) then the statement-list (a:=a+1;
and b:=b/c;) will be executed. After execution of the
statement-list, control will pass back to the start of the WHILE
expression. This process is repeated while the WHILE
expression equates to true. When the WHILE expression is
false, then the statement-list will not be executed and control
will pass to the program steps following the END_WHILE
clause.



WHILE Statement Examples

Example 4

WHILE (a - b) <= (b + ¢) DO
a:=a+1;
b:=b*a;

END_WHILE;

REPEAT Statement Examples

REPEAT
statement-list;
UNTIL expression

END_REPEAT;

In this example, the WHILE expression will be evaluated and if
true (i.e. variable "a" minus variable "b" is less than or equal to
variable "b" plus variable "c") then the statement-list (a:=a+1; and
b:=b*a;) will be executed. After execution of the statement-list,
control will pass back to the start of the WHILE expression. This
process is repeated while the WHILE expression is true. When
the WHILE expression is false, then the statement-list will not be
executed and control will pass to the program steps following the
END_WHILE clause.

The REPEAT expression must evaluate to a boolean value. The statement-list is a list of several simple statements.

The REPEAT keyword repeatedly executes the statement-list while the expression is false. When the expression
becomes true, control passes to the next statement after END_REPEAT.

Example 1
REPEAT
a=a+1;
b:=b*2.0;
UNTIL a> 10
END_REPEAT,;

Example 2
REPEAT
b:=b+1;
IFb> 10 THEN
a:= FALSE;
END_IF;
UNTIL a
END_REPEAT;

Example 3

REPEAT

a:=a+1;

b:=b/c;
UNTIL (@a+1)>=(b*2)
END_REPEAT;

Example 4
REPEAT
a==a+1;
b:=b*a;
UNTIL (a-b)<= (b +¢)
END_REPEAT,;

In this example, the statement-list (a:=a+1; and b:=b*2.0;) will be
executed. After execution of the statement-list the UNTIL expression
is evaluated and if false (i.e. variable "a" is less than or equal to 10),
then control will pass back to the start of the REPEAT expression and
the statement-list will be executed again. This process is repeated
while the UNTIL expression equates to false. When the UNTIL
expression equates to true (i.e. variable "a" is greater than 10) then
control will pass to the program steps following the END_REPEAT
clause.

In this example, the statement-list (b:=b+1; and the IF .. THEN
statement) will be executed. After execution of the statement-list the
UNTIL expression is evaluated and if false (i.e. variable "a" is false),
then control will pass back to the start of the REPEAT expression and
the statement-list will be executed again. This process is repeated
while the UNTIL expression equates to false. When the UNTIL
expression equates to true (i.e. variable "a" is true) then control will
pass to the program steps following the END_REPEAT clause.

In this example, the statement-list (a:=a+1; and b:=b/c;) will be
executed. After execution of the statement-list the UNTIL expression
is evaluated and if false (i.e. variable "a" plus 1 is less than variable
"b" multiplied by 2) then control will pass back to the start of the
REPEAT expression and the statement-list will be executed again.
This process is repeated while the UNTIL expression equates to false.
When the UNTIL expression equates to true (i.e. variable "a" plus 1 is
greater than or equal to variable "b" multiplied by 2) then control will
pass to the program steps following the END_REPEAT clause.

In this example, the statement-list (a:=a+1; and b:=b*a;) will be
executed. After execution of the statement-list the UNTIL expression
is evaluated and if false (i.e. variable "a" minus variable "b" is greater
than variable "b" plus variable "c"), then control will pass back to the
start of the REPEAT expression and the statement-list will be
executed again. This process is repeated while the UNTIL expression
equates to false. When the UNTIL expression equates to true (i.e.
variable "a" minus variable "b" is less than or equal to variable "b" plus
variable "c") then control will pass to the program steps following the
END_REPEAT clause.



FOR Statement Examples

FOR control variable := integer expression1 TO integer expression2 [ BY integer expression3] DO
statement-list;
END_FOR;

The FOR control variable must be of an integer variable type. The FOR integer expressions must evaluate to the
same integer variable type as the control variable. The statement-list is a list of several simple statements.

The FOR keyword repeatedly executes the statement-list while the control variable is within the range of integer
expressiont to integer expression2. If the BY is present then the control variable will be incremented by integer
expression3 otherwise by default it is incremented by one. The control variable is incremented after every executed
call of the statement-list. When the control variable is no longer in the range integer expression1 to integer
expression2, control passes to the next statement after the END_FOR.

FOR statements can be nested within other FOR statements.

Example 1
FORa:=1TO 10 DO
b:=b+a;

In this example, the FOR expression will initially be evaluated and
variable "a" will be initialized with the value 1. The value of
variable "a" will then be compared with the 'TO' value of the FOR
statement and if it is less than or equal to 10 then the statement-
list (i.e. b:=b+a;) will be executed. Variable "a" will then be

END_FOR; incremented by 1 and control will pass back to the start of the
FOR statement. Variable "a" will again be compared with the 'TO'
value and if it is less than or equal to 10 then the statement-list
will be executed again. This process is repeated until the value of
variable "a" is greater than 10, and then control will pass to the
program steps following the END_FOR clause.

Example 2 In this example, the FOR expression will initially be evaluated and
variable "a" will be initialized with the value 1. The value of

FORa:=1TO10BY 2DO variable "a" will then be compared with the 'TO' value of the FOR

b:=b+a; statement and if it is less than or equal to 10 then the statement-
_ . list (i.e. b:=b+a; and c:=c+1.0;) will be executed. Variable "a" will
ci=c+1.0 then be incremented by 2 and control will pass back to the start of

END_FOR; the FOR statement. Variable "a" will again be compared with the
'TO' value and if it is less than or equal to 10 then the statement-
list will be executed again. This process is repeated until the value
of variable "a" is greater than 10, and then control will pass to the
program steps following the END_FOR clause.

Example 3

o In this example, the FOR expression will initially be evaluated and
FORa:=10TO 1BY -1 DO variable "a" will be initialized with the value 10. The value of
b:=b+a; variable "a" will then be compared with the 'TO' value of the FOR
c:=c+1.0: statement and if it is greater than or equal to 1 then the statement-
o list (i.e. b:=b+a; and c:=c+1.0;) will be executed. Variable "a" will

END_FOR; then be decremented by 1 and control will pass back to the start
of the FOR statement. Variable "a" will again be compared with
the 'TO' value and if it is greater than or equal to 1 then the
statement-list will be executed again. This process is repeated
until the value of variable "a" is less than 1, and then control will
pass to the program steps following the END_FOR clause.

Example 4

FORa:=b+1TOc+2DO In this example, the FOR expression will initially be evaluated and

di=d+a variable "a" will be initialized with the value of variable "b" plus 1.
) ’ The 'TO' value of the FOR statement will be evaluated to the
e=e+1; value of variable "c" plus 2. The value of variable "a" will then be

END_FOR; compared with the 'TO' value and if it is less than or equal to it

then the statement-list (i.e. d:=d+a; and e:=e+1;) will be executed.
Variable "a" will then be incremented by 1 and control will pass
back to the start of the FOR statement. Variable "a" will again be
compared with the 'TO' value and if it is less than or equal to it
then the statement-list will be executed again. This process is
repeated until the value of variable "a" is greater than the 'TO'
value, and then control will pass to the program steps following
the END_FOR clause.



FOR Statement Examples

Example 5 In this example, the FOR expression will initially be evaluated and variable "a"
FORa:=b+cTOd-eBYfDO Wil be initialized with the value of variable "b" plus variable "c". The 'TO' value
of the FOR statement will be evaluated to the value of variable "d" minus

g:=g+a variable "e". The value of variable "a" will then be compared with the 'TO' value.
h:=h+1.0; If the value of variable "f" is positive and the value of variable "a" is less than or
END FOR: equal to the 'TO' value then the statement-list (i.e. g:=g+a; and h:=h+1.0;) will

be executed. If the value variable "f" is negative and the value of variable "a" is
greater than or equal to the 'TO' value then the statement-list (i.e. g:=g+a; and
h:=h+1.0;) will also be executed. Variable "a" will then be incremented or
decremented by the value of variable "f" and control will pass back to the start
of the FOR statement. Variable "a" will again be compared with the 'TO' value
and the statement-list executed if appropriate (as described above).

This process is repeated until the value of variable "a" is greater than the 'TO’
value (if the value of variable "f" is positive) or until the value of variable "a" is
less than the 'TO' value (if the value of variable "f" is negative), and then

control will pass to the program steps following the END_FOR clause.

CASE Statement Examples

CASE expression OF

case label1 [, case label2] [ .. case label3 ] : statement-list1;
[ ELSE

statement-list2 ]
END_CASE;

The CASE expression must evaluate to an integer value. The statement-list is a list of several simple statements.
The case labels must be valid literal integer values e.g. 0, 1, +100, -2 etc..

The CASE keyword evaluates the expression and executes the relevant statement-list associated with a case label
whose value matches the initial expression. Control then passes to the next statement after the END_CASE. If no
match occurs within the previous case labels and an ELSE command is present the statement-list associated with
the ELSE keyword is executed. If the ELSE keyword is not present, control passes to the next statement after the
END_CASE.

There can be several different case labels statements (and associated statement-list) within a CASE statement but
only one ELSE statement.

The “,” operator is used to list multiple case labels associated with the same statement-list.

The “..” operator denotes a range case label. If the CASE expression is within that range then the associated
statement-list is executed, e.g. case label of 1..10 : a:=a+1; would execute the a:=a+1 if the CASE expression is
greater or equal to 1 and less than 10.

Example 1 In this example, the CASE statement will be evaluated and then compared with
CASE a OF each of the CASE statement comparison values (i.e. 2 and 5 in this example).
2: b:=1; If the value of variable "a" is 2 then that statement-list will be executed (i.e. b:=1;).
5- c=10- Control will then pass to the program steps following the END_CASE clause.
END CASE: If the value of variable "a" is 5 then that statement-list will be executed (i.e. c:=1.0;).
- ’ Control will then pass to the program steps following the END_CASE clause.
If the value of variable "a" does not match any of the CASE statement comparison
values then control will pass to the program steps following the END_CASE clause.
Example 2 In this example, the CASE statement will be evaluated and then compared with
each of the CASE statement comparison values (i.e. -2 and 5 in this example).
CASE a+2 OF
2 b=1 If the value of variable "a" plus 2 is -2 then that statement-list will be executed (i.e.
i b:=1;). Control will then pass to the program steps following the END_CASE clause.
5: ¢:=1.0; If the value of variable "a" plus 2 is 5 then that statement-list will be executed (i.e.
ELSE ¢:=1.0;). Control will then pass to the program steps following the END_CASE
d=10- clause. If the value of variable "a" plus 2 is not -2 or 5, then the statement-list in the
T ELSE condition (i.e. d:=1.0;) will be executed. Control will then pass to the program
END_CASE; steps following the END_CASE clause.



CASE Statement Examples

Example 3
CASEa+3*bOF
1,3: b:=2;
7,11: c:=3.0;
ELSE
d:=4.0;
END_CASE;

Example 4
CASE a OF
-2,2,4: b:=2;
c:=1.0;

6..11,13: c¢:=2.0;
1,3,5: c:=3.0;
ELSE

b:=1;

c:=4.0;
END_CASE;

In this example, the CASE statement will be evaluated and then
compared with each of the CASE statement comparison values (i.e. 1
or 3 and 7 or 11 in this example).

If the value of variable "a" plus 3 multiplied by variable "b" is 1 or 3,
then that statement-list will be executed (i.e. b:=2;). Control will then
pass to the program steps following the END_CASE clause.

If the value of variable "a" plus 3 multiplied by variable "b" is 7 or 11,
then that statement-list will be executed (i.e. ¢:=3.0;). Control will then
pass to the program steps following the END_CASE clause.

If the value of variable "a" plus 3 multiplied by variable "b" is not 1, 3,
7 or 11, then the statement-list in the ELSE condition (i.e. d:=4.0;) will
be executed. Control will then pass to the program steps following the
END_CASE clause.

In this example, the CASE statement will be evaluated and then
compared with each of the CASE statement comparison values, i.e. (-
2,2o0r4)and (6 to 11 or 13) and (1, 3 or 5) in this example.

If the value of variable "a" equals -2, 2 or 4, then that statement-list
will be executed (i.e. b:=2; and ¢:=1.0;). Control will then pass to the
program steps following the END_CASE clause.

If the value of variable "a" equals 6, 7, 8, 9, 10, 11 or 13 then, that
statement-list will be executed (i.e. ¢:=2.0;). Control will then pass to
the program steps following the END_CASE clause.

If the value of variable "a" is 1, 3 or 5, then that statement-list will be
executed (i.e. ¢:=3.0;). Control will then pass to the program steps
following the END_CASE clause.

If the value of variable "a" is none of those above, then the statement-
list in the ELSE condition (i.e. b:=1; and c:=4.0;) will be executed.
Control will then pass to the program steps following the END_CASE
clause.



EXIT Statement Examples

WHILE expression DO
statement-list1;
EXIT;

END_WHILE;

statement-list2;

REPEAT
statement-list1;
EXIT;

UNTIL expression

END_REPEAT;

statement-list2;

FOR control variable := integer expression1 TO integer expression2 [ BY integer expression3] DO

statement-list1;

EXIT;
END_FOR;
statement-list2;

The statement-list is a list of several simple statements.

The EXIT keyword discontinues the repetitive loop execution to go to the next statement, and can only be used in
repetitive statements (WHILE, REPEAT, FOR statements). When the EXIT keyword is executed after statement-

list1 in the repetitive loop, the control passes to statement-list2 immediately.

Example 1

WHILE a DO

IF ¢ = TRUE THEN
b:=0;EXIT;

END_IF;

IFb> 10 THEN
a:= FALSE;

END_IF;
END_WHILE;
d:=1;

Example 2
a:=FALSE;
FORi:=1 TO 20 DO
FOR ;=0 TO 9 DO
IF i>=10 THEN
n:=i*10+j;

a:=TRUE;EXIT;

END_IF;
END_FOR;

IF a THEN EXIT; END_IF;

END_FOR;
d:=1;

If the first IF expression is true (i.e. variable "c" is true), the
statement-list (b:=0; and EXIT;) is executed during the
execution of the WHILE loop. After the execution of the EXIT
keyword, the WHILE loop is discontinued and the control
passes to the next statement (d:=1;) after the END_WHILE
clause.

If the first IF expression is true (i.e. i>=10 is true) in the inside
FOR loop, the statement-list (n:=i*10+j; and a:=TRUE; and
EXIT;) is executed during the execution of the FOR loop.
After the execution of the EXIT keyword, the inside FOR loop
is discontinued and the control passes to the next IF
statement after the END_FOR clause. If this IF expression is
true (i.e. the variable "a" is true), EXIT keyword is executed ,
the outside FOR loop is discontinued after END_FOR clause,
and the control passes to the next statement (d:=1;).



RETURN Statement Examples

statement-list1;
RETURN;
statement-list2;

The statement-list is a list of several simple statements.

The RETURN keyword breaks off the execution of the inside of the Function Block after statement-list1, and then
the control returns to the program which calls the Function Block without executing statement-list2.

Example 1

IF-a_1">100 THEN If the first or second IF statement is true (i.e. "a_1*b" is larger

¢:=TRUE;RETURN; than 100, or "a_2*(b+10)" is larger than 100), the statement

END IF; (c:=TRUE; and RETURN;) is executed. The execution of the

. RETURN keyword breaks off the execution of the inside of

IF a_2%(b+10)>100 THEN the Function Block and the control returns to the program
¢:=TRUE;RETURN; which calls the Function Block.

END_IF;

IF a_3*(b+20)>100 THEN
c:=TRUE;

END_IF;

Array Examples
variable name [subscript index]

An array is a collection of like variables. The size of an array can be defined in the Function Block variable table.
An individual variable can be accessed using the array subscript operator [ ].

The subscript index allows a specific variable within an array to be accessed. The subscript index must be either a
positive literal value, an integer expression or an integer variable. The subscript index is zero based. A subscript
index value of zero would access the first variable, a subscript index value of one would access the second variable
and so on.

Warning

If the subscript index is either an integer expression or integer variable, you must ensure that the resulting
subscript index value is within the valid index range of the array. Accessing an array with an invalid index
must be avoided. Refer to Example 5 for details of how to write safer code when using variable array
offsets.

In this example variable "a" is an array of 5 elements and has

Example 1 an INT data type. Variable "b" also has an INT data type.
a[0] :=1; When executed, the first element in the array will be set to the
a[1] := -2; value 1, the second element will be set to -2, the third
) ’ element will be set to 3 (i.e. 1+2), the forth element will be set
a[2] : = 1+2; to the value of variable "b" and the fifth element will be set to
a[3]: = b; the value of variable "b" plus 1.
a[4] : = b+1;
In this example variable "c" is an array of 2 elements and has
Example 2

a BOOL data type. When executed, the first element in the
c[0] := FALSE; array will be set to false and the second element will be set to
c[1] := 2>3; false (i.e. 2 is greater than 3 evaluates to false).



Array Examples

Example 3

d[9]:=2.0; In this example, variable "d" is an array of 10 elements and
has a REAL data type. When executed, the last element in
the array (the 10th element) will be set to 2.0.

Example 4

a[1] := b[2]; In this example, variable "a" and variable "b" are arrays of the

’ same data type. When executed, the value of the second

element in variable "a" will be set to the value of the third
element in variable "b".

Example 5

alb] :=1;

a[b+1] :=1,

a[(b+c) *(d-e)] :=1;

Note: As the integer variables and expressions are being used to access the array, the actual index value
will not be known until run time, so the user must ensure that the index is within the valid range of the
array a. For example, a safer way would be to check the array index is valid:

f:= (b+c) *( d-e);
IF (f >0) AND (f<5) THEN
a[f] .= 1;
END_IF;
Where variable "f" has an INT data type.

Example 6

a[b[1]]:=c; This example shows how an array element expression can be
a[b[2] + 3]:= c; used within another array element expression.



Numerical Functions and Arithmetic Functions

UDINT, ULINT

Function Name Argument data | Return value |Operation Example
type type
ABS(argument) |Absolute value |INT, DINT, NT, DINT, | argument | a:=ABS(b)
LINT, UINT, |LINT, UINT,
UDINT, UDINT,
ULINT, REAL, |ULINT, REAL,
LREAL LREAL
SQRT(argument) | Square root REAL, LREAL |REAL, LREAL a:=SQRT(b)
LN(argument) Natural REAL, LREAL |REAL, LREAL a:=LN(b)
logarithm
LOG(argument) [Common REAL, LREAL |REAL, LREAL a:=LOG(b)
logarithm
EXP(argument) [Natural REAL, LREAL |REAL, LREAL a:=EXP(b)
exponential
SIN(argument) Sine REAL, LREAL |REAL, LREAL |SIN(argument) |a:=SIN(b)
COS(argument) [Cosine REAL, LREAL |REAL, LREAL |COS(argument) |a:=COS(b)
TAN(argument) |Tangent REAL, LREAL |REAL, LREAL [ TAN(argument) |a:=TAN(b)
ASIN(argument) |Arc sine REAL, LREAL |REAL, LREAL a:=ASIN(b)
ACOS(argument) | Arc cosine REAL, LREAL |REAL, LREAL a:=ACOS(b)
ATAN(argument) |Arc tangent REAL, LREAL |REAL, LREAL a:=ATAN(b)
EXPT(base, Exponential Base: REAL, |[REAL, LREAL a:=EXPT(b, c¢)
exponent) LREAL
Exponent:
INT, DINT,
LINT, UINT,




Standard String Functions

Function Name Argumentdata |Return Operation Example
type value type
LEN(string) String length  |STRING INT, UINT, [Gets the string|a:= LEN(b)
WORD length.
LEFT(<target string>, |Get substring [Target string: STRING Gets part of a:=LEFT(b, c)
<number of from left STRING the string from
characters>) No. of the left.
characters: INT,
UINT, WORD
RIGHT(<target Get substring |Target string: STRING Gets part of a:=RIGHT(b, c)
string>, <number of [from right STRING the string from
characters>) No. of the right.
characters: INT,
UINT, WORD
MID(<target string>, |Getsubstring [Targetstring: STRING Gets part of a:=MID(b, c,d)
<number of STRING the string.
characters>, No. of
<position>) characters: INT,
UINT, WORD
Position: INT,
UINT, WORD
CONCAT(<string1>, [Concatenate |Strings: STRING Joins strings. |a:= CONCAT(b, c,
<string2>, ...) *Up to STRING ...)
31 strings can be
specified.
INSERT(<target Insert Target string: STRING Inserts a a:=INSERT(b, c, d)
string>, <substring>, [substring STRING substring into
<position>) Insert substring: the string.
STRING
Position: INT,
UINT, WORD
DEL(<target string>, |Delete Target string: STRING Deletes part of|a:= DEL(b, c, d)
<number of substring STRING the string.
characters>, No. of
<position>) characters: INT,
UINT, WORD
Position: INT,
UINT, WORD
REPLACE((<target Replace string | Target string: STRING Replaces a a:= REPLACE(b, c,
string>, STRING substring. d,e)
<replacement Replacement
string>, <number of string: STRING
characters>, No. of
<position>) characters: INT,
UINT, WORD
Position: INT,
UINT, WORD
FIND(<target string>, |Find string Target string: INT, UINT, |Finds a a:=FIND(b, c)
<search string>) STRING WORD substring.

Search string:
STRING




OMRON Expansion Functions

Function Name Argument data type Return Operation Example
value
type
WRITE_TEXT (<write Create text Write string: STRING — Creates a WRITE_TEXT(a,
string>, <filename>, file Filename: STRING text file. b, c, d)
<delimiter>, Delimiter: STRING
<parameter>) Parameter: INT, UINT,
WORD
TXD_CPU(<send Send string Send string: STRING — Sends a TXD_CPU(a)
string>) (CPU serial string (CPU’s
port) serial port).
TXD_SCB(<send Send string Send string: STRING — Sends a TXD_SCB(a, b)
string>, <serial port (SCB serial Serial port number: string (SCB’s
number>) port) INT, UINT, WORD serial port).
TXD_SCU(<send Send string Send string: STRING — Sends a TXD_SCUf(a, b, c,
string>, <SCU unit (SCU serial SCU unit number: INT, string (SCU’s | d)
number>, <serial port port) UINT, WORD serial port)
number>, <logical port Serial port number:
number>) INT, UINT, WORD
Logical port number:
INT, UINT, WORD
RXD_CPU(<receive Receive Receive string: INT, STRING | Receives a a:= RXD_CPU(b)
string>) string (CPU UINT, WORD string (CPU’s
serial port) serial port).
RXD_SCB(<receive Receive Receive string: INT, STRING Receives a a:= RXD_SCB(b,
string>, <serial port string (SCB UINT, WORD string (SCB’s | ¢)
number>) serial port) Serial port number: serial port).
INT, UINT, WORD
RXD_SCU (<receive Receive Receive string: INT, STRING | Receives a a:= RXD_SCU(b,
string>, <SCU unit string (SCU UINT, WORD string (SCB’s | c,d, e)
number>, <serial port serial port) SCU unit number: INT, serial port).
number>, <logical port UINT, WORD
number>) Serial port number:
INT, UINT, WORD
Logical port number:
INT, UINT, WORD
DEG_TO_RAD(argume Convert REAL, LREAL REAL, Converts a=
nt) degrees to LREAL degrees to DEG_TO_RAD
radians radians.
RAD_TO_DEG(argume Convert REAL, LREAL REAL, Converts a=
nt) radians to LREAL radians to RAD_TO_DEG
degrees degrees.
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