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5-What is|EC 11317

Developed with the input of vendors, end-users and academics, IEC 1131

consists of five parts:

General information
Equipment and test requirements
PLC programming languages

User guidelines

A

Communications

IEC 1131-3 is the international standard for programmable controller
programming languages. As such, it specifies the syntax, semantics and

display for the following suite of PLC programming languages:

o Ladder diagram (LD)

« Sequential Function Charts (SFC)
o Function Block Diagram (FBD)

o Structured Text (ST)

« Instruction List (IL)

One of the primary benefits of the standard is that it allows multiple
languages to be used within the same programmable controller. This
allows the program developer to select the language best suited to each
particular task. An analogy is that a mechanic wouldn't attempt to repair an
automobile using only a screwdriver. The mechanic has a variety of tools
available and chooses the best one for each task. Follow the above links
for a description of each of the IEC 1131-3 languages and the types of

applications they are best suited to.
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5-1) IEC 1131 Ladder Diagram

For people who understand relay controls, LD continues to be an
advantage in terms of usability. Although it is possible to program all
control logic in LD, supplementing LD with other languages allows users
access to the language best suited for a particular control task. The

standard's implementation of LD appears below.

; =B
Weigh_Command ENG
| —()
|
grosz_weight — |
tare_weight— |
L, L,
D E CR1
zdmml O
CR2
| —
/I/ E/D[ Q Q
D E CRz 0|0 latch latch
[ | | g
»—{ | || () 0|1 latch latch
CR1 110 0 1
/H/ 1|1 1 0
CR1
43 O—t a
CR2
F O— a
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5-2) IEC 1131 Sequential Function Charts

SFC programming offers a graphical method of organizing the program.
The three main components of an SFC are steps, actions and transitions.
Steps are merely chunks of logic, i.e., a unit of programming logic that
accomplishes a particular control task. Actions are the individual aspects
of that task. Transitions are the mechanisms used to move from one task to
another. Control logic for each Step, Action and Transition is programmed

in one of the other languages such as Ladder Diagram or Structured Text.

As a graphical language, SFC programming offers you several choices for
executing a program, each depicted in a visually distinct way (Fig. 1). In a
sequential configuration, the processor simply executes the actions in step
1 repeatedly, until the transition logic becomes true. The processor then
proceeds to step 2. In a selection branch, only one branch is executed
depending on which transition is active. In a simultaneous branch, all
branches are executed until the transition becomes active. In addition to
various types of branches, the operation of individual actions within a step

can be varied with the use of action qualifiers.

SFC Selection Branch

|
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Action qualifiers (Fig. 2) determine how the action is scanned and allow
actions to be controlled without additional logic. For example, one could

use the L qualifier to limit the time that ingredient valve B is opened.

SFC Simultaneous Branch

In practice, an active step is highlighted to signal to the programmer which
part of the program is executing - a useful feature for troubleshooting. This
highlighting is an example of the standard's extensibility - the ability of a

vendor to add a feature not specified in the standard.

Note that the standard offers SFC programming as an organizing tool. The
user chooses whether to use it or not, based on whether the process being
controlled is sequential in nature. And even if SFC programming is used,
the actions will be written in one of the four programming languages
described below. Figure 3 shows a sample net weight calculation as it
would be performed in each of these languages. In each example, net

weight is calculated by subtracting tare weight from the gross weight.
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4\7 Action 2
Action 3
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SFC Sequential configuration

fk
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SFC Action Qualifiers

SFC -
: Description
Qualifyer
N Nonstored. Terminate when the step becomes inactive.
Set (stored). Continue after the step is deactivated, until the action
S is reset.
Reset. Terminate the execution of an action previously
R started with the S, SD, SL, or DS qualifier.
Time Limited. Start when step becomes active and continue until
- the step goes inactive or a set time passes.
Time Delayed. Start a delay timer when the step becomes active.
D If the step is still active after the time delay, the action starts and
continues until deactivated.
Pulse. Start when the step becomes Active/Deactive and execute
i the action only once.
Stored and time Delayed Action starts after time delay,
=D continues until reset.
Delayed & Stored. If step is still active, action starts after time
oS delay, continues until reset.
o Stored & timeLimited. Action starts when step becomes active,

continues for a set time or until reset.
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5-3) IEC 1131 Function Block Diagram Overview

Like SFC, FBD is a graphical language that allows programming in other
languages (ladder, instruction list, or structured text) to be nested within
the FBD. In FBD, program elements appear as blocks which are "wired"
together in a manner resembling a circuit diagram. FBD is most useful in
those applications involving a high degree of information/data flow

between control components, such as process control.

WEIGH
—EN
EMO—
—WMeigh T om iz
gross _neight et W einht LIMIT S ALAR R

— tare_weight

— Highlimit High flag
Variakle wil ue _

— Lower Limit ’E‘amlj ':““ff"‘
— Hysteresis Tl
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5-4) IEC 1131 Structured Text Overview

This high-level language resembles Pascal or Basic, and, in fact,
people trained in computer programming languages often find it the
easiest language to use for programming control logic. When symbolic
addressing is used, ST programs resemble sentences, making it highly
intelligible to the novice user as well. ST i1s ideal for tasks requiring
complex math, algorithms or decision-making. Its concise format
allows a large algorighm to be displayed on a single page (vs

multiple pages of ladder logic).

The IEC 1131-3 standard is extensible. I.LE. Vendors may augment their
offerings to meet the needs of specific markets. As an example of this
extensibility Rockwell Software augments ST with an exclusive feature
called "PowerText?". It supplements standard ST with real-time display of
discrete status, force status, analog values and floating-point values. This
PowerText information is automatically integrated into the source code,

and is invaluable for debugging and application commissioning.
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5-4-1) Benefits of Structured Text

o People trained in computer languages can easily program
control logic

« Symbols make the programs easy to understand

« PowerText facilitates system debugging and
application commissioning

« Programs can be created in any text editor

« Runs as fast as ladder logic

5-4-2) Structured Text Constructs

« Bit/ Word assignment
o IF-THEN-ELSE

« CASE

o FOR-NEXT
« WHILE

« REPEAT

o Ladder equivalent instructions
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5-4-3 ) Structured Text Examples

Example 1 (Sorting machine)

IF (LIMT_SWTCH 1 AND BOX_PRESENT) THEN

GATELl : = OPEN,

GATE2 : = CLOSE;

ELSIF ((LIMT_SWTCH 2 OR (WEI GHT <> SETPQO NT)))
THENGATEL : = CLOSE;

GATE2 : = OPEN

ELSIF (LIMT_SWTCH 3 XOR LIMT_SWTCH 4) THEN
GATEl : = OPEN,

GATE2 : = OPEN,
ELSE

GATEl : = CLCSE;
GATE2 : = CLOSE;
END | F;

Example 2 (Split-range temperature control, with deadband)
CASE ( TEMPERATURE) OF

0 .. 120 :

HEAT VALVE : = OPEN,
COOL_VALVE : = CLCSE;
150 .. 32767 :
HEAT_VALVE : = CLCSE;
COOL_VALVE : = CLCSE;
ELSE

HEAT VALVE : = CLCSE;
COOL_VALVE : = CLCSE;
END_CASE;

PI D (CONTROL_BLOCK, TANK #27 TEMPERATURE, Tl EBACK, COOLANT VALVE);

Example 3 (Computational examples)
PONER : = (CURRENT ** 2.0) * RESI STANCE;

F8:1 := ((N7:1 * 3.1428571) + (N7:3 / N7:4));
F8:0 := ( SIN (ANGLE)) MMD 6. 0;
JSR (3, 0);

Example 4 (If-Then-Else example)

IF 1:000/0 AND !'l:001/5 THEN

N7:0 := 1,

ELSIF i:000/2 OR (N7:5 <> (N7:6 * N7:2))
THENN7: 0 : =2;
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ELSIF 1001/ 4 THEN

N7:0 := 3;

ELSE

N7:0 : =4,

END | F;

Example 5 (For-Next
examples) FOR N7: 0 := 10 TO O
BY -1 DO

N7:4 := N7:4 + 1,

END_FOR;

FOR N7:1 := 0 TO 10 DO
N7:1 := N7:1 + 1;
END_FOR;

Example 6 (While example)

VWHI LE 1:000/0 AND (1:001/0 OR !'1:002/1) DO
N7:0 := N7: 0 + 1;

END _WHI LE;

Example 7 (Case example)

CASE N7:12 OF

0:

N7: 1 :
1, 9:
N7:1 :
2..4:
N7:1 := 3;

10, 5..8:

N7:1 := 4; f
ELSE

N7: 1 :=5;

1;

n
N
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5-4) IEC 1131 Structured Text Overview
This high-level language resembles Pascal or Basic, and, in fact, people
5-5) IEC 1131 Instruction List Overview

This low-level language is similar to Assembly language and is useful in
cases where small functions are repeated often. Although it is powerful, it

1s considered to be difficult to learn.

5-4-1) Instruction List example

(Calculate new weight by subtracting tare weight from net weight)

LD wei gh_conmand

JMPC VEEI GH_NOW

ST ENO

RET

VEI GH_NOW LD gross_wei ght
SUB t are_wei ght
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