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The Way to IEC61131-3 Programming

I I

I
NEMA Programmable Controllers Committee formed (USA) Bl o

GRAFCET (France) armiunt Em
T : VLT /4
DIN 40719, Function Charts (Germany) 07 N\ b |

NEMA 1CS-3-304, Programmable Controllers (USA)

IEC SC65A/WG6 formed

DIN 19 239, Programmable Controller (Germany)

T IEC 65A(Sec)38, Programmable Controllers
TMIL-STD-1815 Ada (USA)

T  IEC SC65A(Sec)49, PC Languages
T IEC SC65A(Sec)67

[ IEC 848, Function Charts
| IEC 64A(Sec)90

IEC 1131-3 Type 3 report

recommendation
IEC 61131-3
name change

// | | | | | | | | | | | | | | | | | | /
70 // 77 78 79 80 81 82 83 84 85 8 87 8 89 90 91 92 93 94 95 096 //%Pos
IEC 61131-3
Source: Dr. J. Christensen (-1995) / R. Wohlschlaeger (-2003) second edition
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Style of Software Panasonic
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Conventional styled software |EC 61131-3 styled software

Direct hardware address : IEC address:

- X0, X1...Y0,Y1...DTO,DT1..... %I1XO0.....2%QXO0.....2%MWS5.0
each Variable have a name
each Variable have a data type
global and local Variables

1 Program from start to end POU concept:
- 1 program or more programs
- Function Blocks and Functions

A -—

’

asonic Control FPWIN Pro can use both sty}e %' X

Both styles can be mixed
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Why IEC 61131-3? Panasonic
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IEC 61131 =
An internationally accepted standard

» Unified rulesin systems worldwide,
reduces misunder standings and shortenstraining

* Reuse of ready-made Functions and Function Blocks,
savestime for programming and debugging

 Better overview through structure and modularity

* Fewer errorsthrough defined data types and encapsulation

e Safeinvestment dueto standardisation
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Examples of IEC 61131-3 advantages Panasonic

Variables

I better documentation --> programming by names./ symbols
I I/O connection list already stored in the project
I Base for the re-use of software

POUs

I structured programming
I well defined interface --> other variables can be used in other projects
I re-use of Function Blocks saves time and debugging

SFC

flowchart on the monitor

divide big programs into small and easy parts

top down development / bottom up --> well structured

different languages in the program

easy debugging and error locating - only the current step is active

General

I save training time for programmers
I enables parallel software development by more programmers
I certification ensures users to protect their investments for the future

Panasonic Electric Works Europe AG
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Use Variable Names instead of Addresses

| Control FPIN Pro - The IEC Programming System

Project  Object  Edit

Tonls

Online  Monitor Debug  “iew Extraz  Window Help

M= E3

EEEIEE R (& E=(@ (E-E (22 T =] £ == (#T

LTT_F] Project Mavigator =10

< * Project [C:ProgrammeihiAis Coni~|

Frogram Code
[ Library Fool

> PLC_Config (FPO,2.7k)

> * Task_Fool
DUT Paal

* Global “arnahles

— POLU_Foal

L * Pragrarm_1 [F

£&f Global Varialles

G]

# Program_1 [PRG] Body [LD] =] E3

-Lirnit_Switch- 1 - - Start_button Moetar_up_dowen- - - - - o - -
- Sensor_start -
11
2

=

Class Identifier Mat=sushita | IEC_Addre: | Type Initial Al
0 VAH;GLDEEAL It Sensor_start #0 %IXD.0 BOOL ﬂ FALSE
1| WAR GLOBAL 2 Limit_Switch_1 #1 lxD 1 BOOL ﬂ FALSE
2| WAR GLOBAL ﬂ Start_button #2 YlxD 2 BOOL ﬂ FALSE
3| VAR GLOBAL ﬂ Motor up dowe Y0 0.0 BOOL ﬂ FALSE
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IEC 61131-3 Functions

Flexible | EC instructions:
1 function instead of several

Conventional programming requir es
different functionsfor e.g.:

16-bit

32-bit

4-digit
BCD data

| nput data must be
of the same data type!

8-digit
BCD data

Floating
point data
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The IEC 61131 Standard - The' PkE.Standard Panasonic

I Part 1l General overview, definitions
I Part 2 Hardware

I I/O signals, safety requirements, environment

I Part 3 Programming Languages <
I Part 4 User Guidelines

I Parth Communication
I Part 6 Reserved
I Part 7 Fuzzy control

I Part 8 Technical Report

International Standard
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IEC 61131-3 Software Model Panasonic
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Configuration A

Resource L Resource L

Taskl Task?2 Task3 Task4

" | | |
Program P1 \rogram P2 I:’ro/qpﬁ%ogram P4

global and direct adressed variables

Task association
Access path association
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Common Elements of the IEC 61131-3 Panasonic
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IEC 61131-3: The 5 Programming Languages
and
The Common Elements

e Character set (English.........)
e Datatypes (BOOL, WORD, INTEGER S )
e Variables (VAR, VAR _input, VAR_outpuit.......... )

POUS, Program Organisation Units (Function, Function Block...)

SFC Elements (Steps, Trangitions....a )

Configuration elements: (Tasks)

L—(> « Basisfor softwarere-use I
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IEC 61131-3 Elementary Data Types

Panasonic

No. | Keyword Data Type Bits
1 BOOL Boolean 1
2 SINT Short integer 8
3 INT Integer 16
4 DINT Double integer 32
5 LINT Long integer 64
6 USINT Unsigned short integer 8
7 UINT Unsigned integer 16
8 UDINT Unsigned double integer 32
9 ULINT Unsigned long integer 64

10 REAL Real numbers 32

11 LREAL Long reals 64

12 TIME Duration

13 DATE Date (only)

14 TIME_OF_ DAY Time of day (only)

or TOD

15 DATE AND TIME Date and time of day

or DT

16 STRING Character string

17 BYTE Bit string of length 8 8

18 WORD Bit string of length 16 16

19 DWORD Bit string of length 32 32

20 LWORD Bit string of length 64 64

Panasonic Electric Works Europe AG
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The 5 Languages of IEC 61131-3

Panasonic

Instruction List Structured Text

LD A

ANDN B C:=A AND NOTB
ST C

Function Block Diagram Ladder Diagram

AND A B C

A e e ()

s

Sequential Function Chart

Step 1 —(N | FILL
———— | Transition 1
Step 2 — S |Empty
—1— | Transition 2
Step 3
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POU = Program Organization Unit Panasonic

ideas for life

* A POU consists of a header (variable declaration) and the
body (instructions)

* POUs enablethere-use of software from macro level (Programs)
to micro level (FB and Functions)

POU Type Replicated as: Comments
Program Program instance Main program
Function Block FB instance Subroutine with own

memory, several in -
and outputs
possible

Function Function Subroutine without

own memory

Panasonic Electric Works Europe AG Panasonic ... the new name for NAIS Wohlischlaeger / January 2006



Function Blocks can be easily reused

Panasonic

. FU Block
1. Function Block -
OUT 11—
IN_1
—
2. Variable | nterface N 3
FU-Block Header \
Class |dentifier Type
Program
0 VAR_INPUT IN 1 BOOL once
1 VAR _INPUT IN 2 BOOL
2 VAR _INPUT IN_3 BOOL I euse
3 VAR _OUPUT OuUT_1 BOOL a|WayS

LD IN_1
AND  IN 2
OR OuUT 1
AND IN_3
ST OuUT 1

Panasonic Electric Works Europe AG
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Easy Programming C

Mew POU [Froject]

(e
~3 —

[El

Ingtaction Ligt [IL
Ladder Diagram [LD]
Structured Text [ST]
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Easy Programming of FBs and FUN

1

- Sensot_start -

I
|

- Start button

I
|

FIRST SWWITCH-
In_of FB

——— In1 it

Ih2

-Limnit._ Switch- 1 -

Define inputs and outputs

I3

\

otor_up_down -

(¥

H Program_1 [PRG] Body [LD]

Program FB contents}

"j In_of_FB [FB] Header

Clags [dentifier Type Initial C
""""""""" 0 VAR_INPUT 2 Int BOOL % FALSE
1) WAR_INPUT 22 BOOL FFALSE
2| WAR_INPUT 2 N3 BOOL FFALSE
3| WVAR_OUTPUT 3 Outt BOOL F{FaLsE

Bl In_of_FB [FB] Body [LD]

1

il - SR - “lrd - -Eil§ut_1- .
1/ 1 1| I | )
- 2 - “lrd -
1| 1/ 1 I |
- 2 - I3 -
1| 1| 1/ 1
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Library Concept Papasqrj_ic

Libraries: Special Lib

TWO_TRIP

I[EC Standard Lib
— - POSITION 2 AX

Vendor Lib

Pulsed Lib POSITION_3 AX
Communication_Lib WAIT_10s

PID Lib % EL EVAT 4 FL

Specia_Project Lib

Self-created FBs can be stored in libraries
Comfortable structuring and sorting in thelibraries
Know-how protection of FBsand libraries

Easy reuse of tested software --> savestime
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PLCopen is a World-wide association

Main Office in Europe

Office in Office in Japan
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PL Copen was founded on June 15, 1992 in Giessen, Ger many.
Target wasto promote | EC 61131-3, inform customers and give
mor e weight to the |[EC 61131-3 standard.

General Meeting

PLCopen

Standardization in Industrial
Control programming

Board of Management

Managing Director

Technical Cammittees Fromotional Committees
TC TCZ FCH P PC1 Main promotion committee
PC2 Common training program
PC3 North-America
TZA T4 PC3 FC4 PC4 Japan
TCH TC6
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PLCopen Mission

We want to bethe leading association resolving
topicsrelated to
control programming
to support the use of
Inter national standardsin thisfield.

Panasonic Electric Works Europe AG Panasonic ... the new name for NAIS Wohlischlaeger / January 2006



. : e Panasonic
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> 80 members (June 2004)

PLCopen/io

OEMs and Users - Time to (Re-) Act
An open letter to the OEM’s, Users and End-users of Servo Motion Control.

from 19 countries all over the world

Suppliers, institutes and users

See newsletter / website for up-to-date list

Detalls

——
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The Essence of Compliancy Panasonic
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- ThelEC 61131 standard givesrulesfor compliancy

- Certification guidesuserstowardsreal IEC 61131-3
programming systems (e.g. PL Copen certified products)
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TC3: PLCopen Compliance Levels

Application
Program

FB FB

Variable|[]|Variable

\Va
Code C
Body c

Conformity Level &
Reusability Level
Re-usability of Function (Block)

libraries

Base Level

Portability of minimal systems

Application
Program

FB FB

Panasonic Electric Works Europe AG
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Certification

Certified products can use these logos

Base L evdl: first step into |EC 61131-3 software I

. Conformity Level: conformsto |EC 61131-3 based on
Datatypesrsupported: 26 of 26 wpportecj da.ta. types
— | PLCopen
reusalclnllt): Reusability Level: reuse of | EC 61131-3 Function Blocks
GMZO =1 based on supported data types
?;’2:"2?\[
—|PLCopen| _ — : _
0 — Motion Control: certified Function Blocks according the
—WRStion | Motion Control specification
_lcontrol |__
—|PLCopen | XML: Opening up the development
aHamre environments by specifying XML
mi it formatsfor IEC 61131-3
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Reusability Level ST
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BOOL
INT
WORD FU_Body
ouT 11—
IN_ 1
IN_2
IN_3
BOOL
LINT
WORD FU_Body
OUT 1]
IN_1
IN_2
IN_3

Function Block exchangein ST language is possible:

Not possible

* if both systems have the Reusability Level ST
e the used instructionsare | EC 61131-3 instructions

» the same data types ar e available

BOOL
INT
WORD FU_Body
ouT 11—
IN_1
IN_2
| IN 3
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Why Motion Control FBs ? e T W
| PLCopeni Revolutionizing the industry
o — with a global standard
: ::noonttI?OnI : Mechanics do not help anymore,

a standard with software is possible

Reduce maintainance and
sanitation

Less hardware parts, more software

........ Software
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Motion Control Standardiz"é sl

U Hardware independent Softw:
U Consistent Development Envirc

{1 Consistent Installation and Mainte

Same
‘Look and Feel’
IEC 61131-3 is a good base
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The PLCopen Task Force Motion Control

y N USBetgzch Packaging
uk

U Initiated by Users S
Focke EKB

a ..to fulfil their requirements Hershey Foods

Tetra Pak

Suppliers:
Siemens
i Elau
G @) al : Beckhoff Industrial Electronics

SEW Eurodrive
Mitsubishi Electric Europe
Cross Hueller
Lenze

To harmonize the access for Motion Control il

Control Techniques

across different platforms Phoenix Contac

Keba

during development, installation and maintenance ol Adomsion
Nyquist

based on the IEC 61131-3 environment Baumueller

infoteam Software
Rexroth Indramat
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HW Independence via Function Bloeks
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Software View

Encapsulation / Information Hiding

Name
Inputs Outputs

Hardware View

I/F

I/F

Sercos Drive

PWM

Drive

Panasonic Electric Works Europe AG
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Example of a Function Block

AXIS_REF
BOOL
REAL
REAL

REAL
REAL
REAL

MC_Direction

MoveAbsolute

AXIS AXIS AXIS REF
Position CommandAborted — BOOL
Velocity Error I BOOL
Acceleration ErroriD —~ WORD

Deceleration
Jerk

Direction

FB-Name

MC_MoveAbsolute

This function block commands a controlled motion at a
specified absolute position.
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