Module 6

‘[ Power-Up Handler
(=5 Tasks
=-£& MainTask
= E§ MainProgram
[ Program Tags
B Mainroutine
= ECB taski
g 01
@ Program Tags

Eart

[C3 Unscheduled Programs

— (e . -

Routines

Student Materials



Module 6
Routines

Module 6:
Routines

TNTPOAUCTION ...t 3
Creating ROUTINES..........ovveiieieis ettt 5
TYPES OF ROUTINES.......ooiirit ettt 6
SUDPOUTINGS.......co ettt s sttt D
JSR with Parameter PASSING..........cccccveviieieiniiceeese et 1

ReVIEW QUESTIONS .......c.ceeveriiecteeeeteereee ettt ettt ettt es bt sensenenens 14



Module 6
Routines

Introduction:

When working with a CompactLogix / ControlLogix PLCs, a download takes a project
file stored on the programming panel (computer) and puts it in the PLC. A controller can
hold one project at a time. A common term many people used when describing a project
is a program. At times it can be confusing when using the term program in place of the
term project, since a project is made-up of task(s), program(s) and routine(s).

A project must have at least one Task, one Program and one Routine. Routines are
organized within Programs. Routine locations are shown in the Controller Organizer

window.
(=5 Tasks
S| :’@ MainTask
= ’53 MainProgram
@ Program Tags
% MainRoutine

Figure 1-A MainRoutine within MainProgram

There is no hard limit as to the number of Routines per Program. There are three types
of routines in Logix5000 processors, Main, Fault and subroutines.

By default a project will have one Task (MainTask - continuous), one Program
(MainProgram) and one Routine (MainRoutine). Routines contain the processor
instructions. By default Routines are programmed using Ladder Logic.

Note: Besides Ladder Logic, Routines can also programmed in Structured Text, Function
Block Diagrams or Sequential Function Chart.

Tasks, programs and routines can be renamed. Tasks, programs and routines have
properties. The Properties window can be opened by right clicking the routine name and
choosing Properties.
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Figure 2-A- Selecting Routine Properties
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The Properties window for Routines show in following information:
Name

Description

Type: how the Routine is programmed

B

- @ Icons for Ladder Diagram Routines

S
g
—

In Program: the name of the Program that contains the Routine
Number of Rungs: if the Routine is programmed in Ladder Logic (Ladder Diagram)

’ﬁ Routine Properties - MainRoutine o ‘@1
General

Name: MainRoutine

Description: o
Type: Eﬂ Ladder Diagram

In Program: (% MainProgram

Number of Rungs: 7

[ ok ][ cancel || oply Help
N

Figure 3-A — Routine Properties window for Ladder Logic
Note: If a Routine is programmed in a different format the Number of Rungs appears as:

Number of Steps: If the Routine is programmed with Sequential Function Charts

- Icon for Sequential Function Charts
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Number of Sheets: If the Routine is programmed with Function Blocks Diagram

Icon for Function Block Diagram

—

Number of Lines: If the Routine is programmed with Structured Text

Icon for Structured Text

Creating Routines:

In the Controller Organizer window, right mouse click the Program in which the Routine
will be added.

Click the New Rogtine selection

L 1

((((( & Controller Fau New Routine...
... Power-Up Han I '&I
mport Rodtine...
3. @ Tasks

E] E MamTask }?, Cut Ctrl+X

B @ Copy Ctrl+C
...... &) Prograr 2 Paste Ctrl+V
E{] MainRc
a Delete Del

Figure 4-A — Create New Routine
In the New Routine window:

Name: name of Routine
Type: Choose how the routine will be programmed

, .
e

Name: Routine_1

Description:

Type: Ladder Diagram

In Program [E) Ladder Diagram

or Phase: £2] Sequential Function Chart
344 Function Block Diagram
Structured Text

[7] Open Routine

Figure 5-A — Name and Type of New Routine
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In Program
or Phase: Select Program in which the Routine will be located

,

Description: - m

' Type: . Ladder Diagram -

In Program
of Phase: Ea; MainProgram
l MalnProgram
F'roglam2
["] Open Routine

Figure 6-A — Choose Routine Location

Click the OK button to create the Routine.

Types of Routines

There are three types of Ladder Logic (Diagram) Routines

1. Main — first Routine executed (scanned) within a Program — required
One per Program

. & - Icon for Main routine

2. Fault — a Routine that will execute if a recoverable Major fault occurs within any of
the routines within a Program — optional
One per Program

. @ - Icon for Fault routine

3. Subroutine — a Routine that will execute when called using a JSR (Jump to Subroutine)
instruction - optional
No limit restrictions

. E - Icon for Subroutine
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To configure a Routine - Right click on the Program that contains a Routine

¢ 0 Power-Up Handler
=-E3 Tasks
E] .(_3 MainTask
P oE- ":3 MainProgram
- Program Tags
----- MalnRoutlne
[k ----- E routine3
. Routine2
[:I Unscheduled Programs
(=43 Motion Groups
H : [T 1.

Figure 7-A. Right click on the MainProgram.

From the selection menu, choose Properties
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Figure 8-A. Choose Properties of the MainProgram.

From the Program’s Properties window, choose the Configuration tab.
See Figure 9-A.



Il Program Properties - MainProgram -0 x|

General Configuration |

Assigned Routines:

ETON | b ainF outine

Fault: |routin83 j

Scan Times [execution time):

Max: I us Heset tay
Last: I us

N

i oK I Cancel Apply Help

Figure 9-A — Program Configuration tab
In the Configuration tab:
Use the Main Selection box to assign the Main Routine.
Use the Fault Selection box to assign a Fault Routine
Any routines not configured in the Selection boxes are Subroutines

Note: Routine names alone do not configure the routine type.

From the Controller Organizer window a Main routine is shown as:

&4 Program Tags
Jroer MainRoutine
- ftlsoutine3

Figure 10-A — Main Routine Icon

A Fault routine is shown as:

- J4 ManKoutine
- routine3
- outineZ

Figure 11-A — Fault Routine Icon
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A Main routine is the first routine that runs within a Program.
A Fault routine is the last routine that is run within a Program if a recoverable Major fault
has occurred within the Program’s routines.

Note: Each Program must have a Main Routine
Each Program can have its own Fault Routine

Other routines are accessed by the use of the JSR (Jump To Subroutine) instruction.

Subroutines:

A subroutine is executed by a JSR instruction.

The JSR instruction is located in the Program Control tab on the Language Toolbar.

« H I JUP LBL JSR JXR RET SBR D

<« » A EquipmentPhase A Program Control A For/Break ;
Figure 12-A — JSR Instruction - Language Toolbar

The JSR instruction rung can have conditions (input instructions) or the rung can be
unconditional (no input Instructions).

When the JSR instruction is True the processor jumps to Rung 0 of the routine named in
the instruction (subroutine) and begins execution (scanning) of that routine.

Once the subroutine scan is completed, the processor returns to the JSR instruction. The
PLC continues executing (scanning) rungs after the JSR rung in the routine that contains

the JSR instruction.

The END Rung of the subroutine signals the processor to return to the JSR instruction.

JSR |
0 Jump To Subroutine
Routine Name

Figure 13-A —JSR Instruction Ladder Rung
In its simplest format that is the scanning process of the PLC and a subroutine.
Two additional instructions that maybe used in subroutines are:

SBR - Subroutine
RET — Return from Subroutine
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The SBR and RET instructions are located in the Program Control tab on the Language
Toolbar.

4« H I JMP LBL JSR JXR RET SER >

< » A EquipmentPhase A Program Control A For/Break ;
Figure 14-A — RET and SBR Instructions - Language Toolbar

When a JSR instruction is configured not to pass input and / or return parameters between
routines SBR and RET instructions are optional in a subroutine.

JSR |
0 Jump To Subroutine
Routine Name

Figure 15-A — JSR Instruction configured not to pass parameters

If a SBR instruction is used, the instruction must be the first (Ieft most) instruction on
Rung 0 of the subroutine. The processor evaluates the SBR as True.

SBR int2 int1 |
0 Subroutine ] F 2 ‘
Figure 16-A

SBR Instruction configured not to pass parameters

A RET instruction, if used, signals the processor to exit the subroutine and Return to the
JSR instuction.

RET
3 Return from Subroutine

(End)

Figure 17-A
RET Instruction configured not to pass parameters, no conditions

A Rung with an unconditional RET instruction performs the same operation as a
subroutine END Rung.

Ladder Diagram subroutines can have more than one RET Rung.
Rungs can be configured with conditional instructions that cause the processor to exit the

subroutine before the entire subroutine is executed if certain conditions are True.

Figure 18-A shows a conditional RET Rung.

10
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LES RET:

1 Less Than (A<B) Return from Subroutine

Source A motor_speeed

1550 «
Source B 1600
temp output1
2 1 E -
Figure 18-A

RET Instruction configured not to pass parameters, with conditions
In Figure 18-A, if the value of the tag motor speed is Less Than 1600, then the processor
exits the subroutine at that Rung.
In Figure 18-A, if the value of the tag motor_speed is greater than (or equal) to1600, the

processor continues scanning the subroutine until it reaches a RET Rung that is True or
until the processor reaches the END Rung.

JSR with Parameter Passing

JSR instruction can be configured to pass between routines.

If a JSR is configured to pass input parameters a SBR instruction must be used in the
subroutine.

If a JSR is configured to receive return parameters from a subroutine a RET instruction
must be used in the subroutine.

Figure 19-A shows a JSR instruction configured to pass two input parameters (Input Par)
to Routine2 subroutine.

Figure 19-A shows a JSR instruction configured to receive one return parameter (Return
Par) from Routine2 subroutine.

JSR

1 Jump To Subroutine
Routine Name Routine2
Input Par input_tag1
Input Par input_tag2
Return Par result

Figure 19-A. An JSR instruction with one return parameter.

11
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Figure 20-A shows a SBR instruction configured to receive two input parameters (Input
Par) from a JSR instruction.

If the SBR instruction in Figure 20-A were receiving parameters from the JSR instruction
in Figure 19-A, the value of the input tagl in the JSR will be passed (moved / sent) to the
Parameter] tag in the SBR instruction.

The value of the input_tag? in the JSR will be passed (moved / sent) to the Parameter2
tag in the SBR instruction.

SBR temp
0 Subroutine {0
Input Par Parameter1
Input Par Parameter2

Figure 20-A. An SBR instruction with two input parameters.

Note: The number of Input Parameters (Input Par) in the JSR instruction must be equal to
or greater than the number of Input Parameters (Input Par) in the SBR instruction.

The tag’s Data Types should match i.e.
input_tagl’s Data Type should be the same as Parameter 1’s Data Type.
input_tag2’s Data Type should be the same as Parameter 2’s Data Type.

input_tagl’s Data Type can be different than input tag2’s Data Type.
Figure 21-A shows a RET instruction configured to return one parameters (Return Par) to
a JSR instruction.
If the RET instruction in Figure 21-A were returning parameters to the JSR instruction in

Figure 19-A, the value of the Calc_value tag in the RET will be passed (moved /
returned) to the result tag in the JSR instruction.

| RET
Return from Subroutine
Return Par Calc_Value

Figure 21-A. An RET instruction with one return parameter.
Note: The number of Return Parameters (Return Par) in the RET instruction must be

equal to or greater than the number of Return Parameters (Return Par) in the JSR
instruction.

12
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The tag’s Data Types should match i.e.
Calc_Value’s Data Type should be the same as result’s Data Type.

To add or remove an Input Par parameter from a JSR or SBR instruction, right mouse
click inside the instruction box and select Add Input Parameter or Remove Instruction
Parameter from the context menu.

AUU Lauucr CIErmiernt.. AILTINS

@ Edit Main Operand Description Ctrl+D

E& AddInput Parameter
Add Return Parameter

=3 Remove Instruction Parameter

S
Figure 22-A. Adding an input parameter.

To add or remove a Return Par parameter from a JSR or RET instruction, right mouse
click inside the instruction box and select Add Return Parameter or Remove Instruction
Parameter from the context menu.

MOUW LUMOLE RIS TR L s

© Edit Main Operand Description Ctrl+D

Add Input Parameter
E"é Add Return Parameter

E3 Remove Instruction Parameter

AN

Figure 23-A. Removing an instruction parameter.

JSR instructions can be located in Main routines, Fault routines or in subroutine.
Do not configure a JSR to jump to a Main routine — Rung will not verify.

The following conditions will cause a Major Fault in the processor
1. RET instruction in a Main Routine
2. JSR instruction has fewer Input Par than a corresponding SBR
3. RET instruction has fewer Return Par than a corresponding JSR
4. JSR to a Fault routine — This will cause a User-defined Fault.

13



Review Questions
T F A Program can contains only one Routine

Types of Routines are

a) Subroutine
b) Main Routine
c) Fault Routines

d) All the above

How many routines can be in a Program?

a) 32
b) 100
c) 3

d) No set number

Only one Routine per Program can be a

a) subroutine

b) Fault
¢) Main
d) Event

The first routine run within a Program is:

a) Fault

b) Continuous

Module 6
Routines
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11.

¢) Main
d) JSR.
T F A project can have only one routine.

A JSR instruction can pass Input parameters to a

a) JSR
b) SBR
c) RET

d) All the above

A RET instruction can pass Return parameters to a

a) JSR
b) SBR
c) RET

d) All the above

All Programs should have a Main Routine:

a) True
b) False

All Programs must have a Fault Routine

a) True

b) False

T F All subroutine must have a RET instruction

Module 6
Routines

instruction:

instruction

15
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Review Question Answers

DOL DISCLAIMER:

This product was funded by a grant awarded by the U.S. Department of Labor’s
Employment and Training Administration. The product was created by the grantee and
does not necessarily reflect the official position of the U.S. Department of Labor. The
Department of Labor makes no guarantees, warranties, or assurances of any kind,
express or implied, with respect to such information, including any information on linked
sites and including, but not limited to, accuracy of the information or its completeness,
timeliness, usefulness, adequacy, continued availability, or ownership.

This work is licensed under a Creative Commons Attribution 4.0 International License.
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