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Program Control Instructions
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Program control instructions are used to enable
or disable a block of logic program or to move
execution of a program from one place to
another place.

| JMP‘ LBL‘ an‘ FIET‘ SEIF{‘ TND‘ MCH‘ sus‘ )

[ 1| 4 I\ Program Control /< Ascii Control /< Ascii String /< Micro

Program Control menu tab for the Allen-Bradley
SLC 500 PLC
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Hardwired master control relays
are used In relay control circuitry
to provide input/output power
shutdown of an entire circuit.

L1
o Master start

Master stop
Hardwired

Tk TF
MC
master control
relay circuit. '—Q-Lﬂf_‘H S ?
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PLC manufacturers offer a form of a master
control relay as part of their instruction set.

MCR (Master Control Reset) -Clears all set
nonretentive output rungs between the paired MCR
Instructions. l

1 JMP‘ LBL‘ JSH‘ HET‘ SEIF{‘ TMD‘ MCH‘ SUS‘ H
[ 1| ) I\ Program Control /< Ascii Control /< Ascii String /< Micro

Because the MCR instruction is programmed, for safety
reasons, it should not be used as a substitute for a
hardwired master control relay, which provides
emergency I/O power shutdown.
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Programmed Master Control Reset instruction.
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Simulated Master Control Reset instruction.
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MCR fenced zone with the zone true.
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(MCR)——

Outputs
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Output A
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MCR fenced zone with the zone false.
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Simulated MCR fenced zone.
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The jJump (JMP) Instruction Is used to jump over

certain program instructions when certain
conditions exist.

The label instruction is used to identify the ladder rung
that Is the target destination but does not contribute to

logic continuity.

-

| JMP‘ LBL‘ JSH‘ HET‘ SEIF{‘ TND‘ MCH‘ SUS‘

)|

u 1| 2 I\ Program Control /< Ascii Control /< Ascii String /< Micro
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Jump (JMP) operation program.

Inputs
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Simulated jump (JMP) operation program.
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Inputs Ladder logic program Outputs
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Jump-to-label from two locations.

Ladder logic program
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A subroutine iIs a short program that is used by
the main program to perform a specific function.

JSR (Jump to
Subroutine)
Jump to a
designated
subroutine
Instruction.

RET (Return from
Subroutine)
EXIits current
subroutine
and returns to
previous condition.

SBR
(Subroutine)
Identifies the
subroutine
program.

\

JMP

LBL‘ JSH‘ RET

SEIF{‘ TND‘ MCR

SUS

4

Ld> I\

Program Control

/< Ascii Control /< Ascii String /«( Micro

© 2011, The McGraw-Hill Companies, Inc.



When a subroutine is called from the main program,
the program is able to escape from the main program
and go to a program subroutine to perform certain
functions and then return to the main program.

—JSR

— JUMP-TO-SUBROUTINE

SBR file number

U:3

ﬂ

—SBR
}7 SUBROUTINE

—RET

— RETURN
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Main program rungs

Subroutine area
SBR
Jumps
—-iEr———H@SH)—— (RET)—
* Unconditional return

Returns to next
instruction after JSR



Flashing pilot light subroutine program.

Pilot light

®

Solenoid\\lk

Weight
sensor

Anytime the weight on the conveyor exceeds a
preset value, the subroutine program is scanned
_and.pilot light changes from on to flashing.



Main
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Program
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Main program
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Simulated subroutine program.
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Main program
file 2

NN

- JSR subroutine file.
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Main ladder program

Input A

—JSH
JUMP-TO-SUBROUTINE

I

Program file 4

Input parameter passed to the

Input parameter  N7:30 SBR instruction when execution
jumps to the subroutine file.
Return parameter N7:60
LT 0 Passing
o subroutine
Execution resumes
parameters
Subroutine
file 4
rSBR
. SUBROUTINE 4 | C )_
Input parameter N7:40
.
.
rRET
RETURN ()
. Return parameter returned to the - Return parameter N7:50
address that you specified in the

JSR instruction when execution
returns to the main ladder program.
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Main program
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Nested subroutines.
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The immediate input and immediate output
Instructions interrupt the normal program scan
to update the input and output image table files

with current data.

N

Immediate input
(11N)

PLC-5 instruction
IS used to read an
Input condition
before the 1/0

update IS performed.
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Immediate output
(10T)

PLC-5 instruction

IS used to update the
status of an output
device before the 1/0O
update Is performed.
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I/O scan

a 12
s
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; “ ,_— Program scan \
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A f Immediate output instruction
' interrupts program scan
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f
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SLC 500 Immediate Input with Mask (11M)
Instruction.

B M ‘ IﬂHlE"I’E‘HE{'iI lE | II[}I HFI‘ HEF‘

| { | b |'*= Input/Output Compare Compute/Math Move/Logic

When the rung is true,
— 1M the program scan is
— Immediate Input w/ Mask 4‘ interrupted, and data
St o00F from a specific input
Length 1 slot are transferred
through the mask to
the input data file.
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SLC 500 Immediate Output with Mask (I0M)
Instruction.

{

1

1M | IDM‘ SVClMSGl IHE ‘ D | RPI ‘ HEF‘

)|

| <|» |\ InputOutput ( Compare { Compute/Math £ Move/Logic

— IOM
Immediate Output w/ Mask
Slot

0:4.0
Mask OFFFh
Length 2
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When the rung is
true, the program
scan Is interrupted to
update output data to

t
t
t

ne module located In
ne slot specified In

ne instruction.
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Forcing allows the PLC
user to turn an external
Input or output on or off
from the keyboard of the

programming device.

S B -
l:2/
3
I:4/

v Forces Enabled Table: DataTable | &b

Remove AllForces |

Forcing is accomplished
regardless of the actual
state of the field device.
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[v Forces Enable




Forcing an
Input on.
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Input module

OFF  1:1/3

O%’E
Field input
device

-

OI9I0OO[®|O]9]

ONLINE

ll | Forces Exist

| Programming terminal

I Forces Enabled :I

forces the state of
input I:1/3 ON (1)

Actual state of input
device (0) ignored

=TT TN

LY

Ladder logic program

L1/3

0:2/5

L1
+—%~n— 1:1/3
OFF

I

Force= ON

0:2/5

().

O:2/6

3

=

Outputs
0:2/5
ON
0:2/6
ON




Simulating forcing an input on.

PLC = OnLine '~ JRAcl ovool oooo-B88E -

|OMLINE Ea||
| ~l|
Driver: C55 DOE-Link.

- no0oH|| oooaH

DownLoad | REE ool oooor | £ 111" v

L} — "
=% Pro51... = EE . J-E
170 Sim& 0,25
-
a:2
00 0205 01206
0o 1 E o
0z _
02 00z 151413121110 9 8 7 6 5 4 3 2 1 0 = ¢ENDY
04 -0/
i 11/
05
.24
;3¢
-4/
I |5/ ﬂ
o I T able: J D ataT able | §|
09
- | rm Remove All Forces
a1 Vel ..
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&
& | Output module
Status of bit ()
0:2/5 remains E
Output image table at0 =
? ’ 9 0:2/5 ON
W = :
- SR b
& — r"' ﬁ
jofol_[ [ [ | I OFF
s . ®| [o26
- /
FO rcin g an Field output
devices
._._________._-—-—'_'_'_._._ _-"'"‘\

output on.

| oNLINE v||Forces Exist v|
Forces Enabled ﬂ

Input Ladder logic program Outputs
L1 1:1/3 0:2/5 L2
o— T & ] [ =
0:2/5 —"l,—l
OFF Force= ON
ON
0:2/5 0:2/6 0-2/6
s 10 I s
1l N/ OFF
Force= ON
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Simulating forcing an output on.

|ONLINE | PLC = OnLine " ' i O 57 Sans =
| J | D |_ d m ! | T T T O T T T | 1
Oriver: C55 O0OE-Link Mode: 1o M \]—

15141312111058?554321Dﬂ
a:1/
a.24 oL
.3/ J
0.4/
.5/
DE;"j
R T able: J D ataT able | §|
Remowve all Forces
N — i
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By forcing outputs off, you can prevent the
controller from energizing those outputs even
though the ladder logic, which normally
controls them, may be true.

ONLINE - #Hm _ Online ] I
: j: g rHine | ooooH|| ooooH ¥ | =

river: 255 ODE-Link

1514131211109 &8 ¥ B &5 4 3 2 1 Elﬂ
o1/
0:2¢ - - - - ..o J
03/
044 - - - - ..o
0:5/
Y S =
[ T able: | DataT able | §|
Remove All Forces

o204 | |




You can enter and enable or disable forces while
you are monitoring your file offline, or in any
processor mode while monitoring your file online.

Data File I1 (bin) . . INPUT Forces

Oifset 15 14 13 12 11 10 &% 8 7 6 &6 4 @ 2 1 0
1.0 e e A 1
1:2.0
[1:1.03 | Radix:| ]
Symbol: | | Culumns:
Desc:| |
Enable Remove All Data File Help

Forces version of the data table with bit
1:1/3 forced on.
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If used incorrectly, force functions can cause
Injuries to persons working around a system,
and/or equipment damage.

‘\ AL \\ \ \

You must
understand the
potential effect that
forcing given inputs
or outputs will have
on machine
operation in order to
avoid possible
personal injury and
equipment damage.
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Sufficient emergency
circuits must be
provided to stop
either partially or
totally the operation of =~ —
the controller or the
controlled machine or
process.

These circuits should
be hardwired outside
the controller.
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Safety wiring
requirements for a
PLC installation.

© 2011, The McGraw-Hill Companies, Inc.
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I stop lirmit
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L1 | L2 |GND]| PLC power

Master
control
relay

J_

| T supply
s =
»
= MCR
PLC input module
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—20
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PLC output module
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I
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— T 1}olL1 L2 01
= Machine Master
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Emergency stop switches butions olay €T
u—!—qﬂ}z—o—-ﬂ'ﬁ I o) | o o O @—-
|Emergency Overtravel | Stop Start
|  stop limit | T
I switch I 11
e MCR
11| L2 |GND PLC IF"D'IHE'r
supply
L
’ =
»
— MCR
PLC input module
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PLC output module
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| | ‘
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The master
control relay
must be able
to inhibit all
machine
motion by
removing
power to the
machine /O
devices when
the relay is
deenergized.




Safety PLCs are now available for applications
that require more advanced safety functionality.

© 2011, The McGraw-Hill Companies, Inc.

Number

Feature

Module status indicators

Alphanumeric display

Node address switches

Baud rate switches

USB port

DeviceNet communication connector

Terminal connectors

Input status indicators

Output status indicators

IP address desplay switch

Ethernet connector

Service switch




Both standard and safety PLCs have the ability
to perform control functions but a standard
PLC was not initially designed to be fault
tolerant and fail-safe.

» Safety PLCs have redundant (dual) microprocessors.

» Safety PLCs have an internal output circuit
associated with each input for the purpose of testing
the input circuitry.

» Safety PLCs use power supplies designed specifically
for use In safety control systems and redundant
backplane circuitry between the controller and 1/O

modules.
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The use of the field-

generated starter auxiliary
contact Is safer because It
provides positive feedback

to the processor about the  awiay
exact status of the motor.

Main power
contact

Inputs Ladder logic program Output
Stop Start M
-k O @8
'—Q_LQ* Stop - M
e—0O O— Start St:s!r.ter
auxiliary
contact
Starter




All stop buttons should be wired using a
normally closed contact programmed to examine

for an on condition.

Inputs Ladder logic program Output
L1 Stop Start M —
—{F— (- oy
'—QJ_Q* Stop ) M
M

Using a normally open contact
programmed to examine for an off

t—o o8t condition will produce the same logic but
IS not considered to be as safe.

© 2011, The McGraw-Hill Companies, Inc.
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The selectable timed interrupt (STI) Iinstruction Is
used to interrupt the scan of the main program
file automatically, on a time basis, to scan a
specified subroutine file.

STE
‘!7 SELECTABLE TIMED ENAELE

- STD

—1 SELECTABLE TIMED DISABLE
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The selectable timed disable
(STD) Instruction is generally
paired with the selectable timed
enable (STE) Instruction to
create zones in which STI
Interrupts cannot occur.



The selectable timed
disable (STD)
Instruction

IS generally paired
with the selectable
timed enable

(STE) Instruction to
create zones in which
STI interrupts
cannot occur.
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Program file 3

|

STI execution

will not occur

between STD
and STE.

|

0

53] o s W N =

v

9

10

11

12

13
14

15

16

17

- STE
SELECTABLE TIMED ENABLE [—]

'Y
\ ./
- 8TD
SELECTABLE TIMED DISABLE
'Y
4] \ ./
1 1L £\
JL 1L N/
- STE

SELECTABLE TIMED ENABLE [—]

'
N/

11

L
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A fault subroutine file, If used, determines how
the processor responds to a programming error.

»\When the processor detects a major fault, it looks for a
fault routine. If a fault routine exists, It Is executed; If one
does not exist, the processor shuts down.

»\When there i1s a fault routine, and the fault is
recoverable, the fault routine Is executed.

> If the fault 1s non-recoverable, the fault routine
IS scanned once and shuts down.

© 2011, The McGraw-Hill Companies, Inc.



9.9

iz

I RuN FORCE £ RUN. FORCE
| G DHe ‘ LT ENET
T RSz § | BT RS222

A

Temporary End
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The temporary end (TND) instruction is used to
progressively debug a program or conditionally
omit the balance of your current program file or
subroutines. l

| JMP‘ LBL‘ an‘ FIET‘ SEIF{‘ TND‘ MCH‘ sus‘ )

[ 1| 4 I\ Program Control /< Ascii Control /< Ascii String /< Micro

When rung conditions are true,
—(TND) this instruction stops the

program scan, updates the 1/0,
and resumes scanning at rung
0 of the main program file.
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> The TND instruction

Inputs
lets your program run
only up to this too-ows
Instruction. :

»You can move it progressively
through your program as you
debug each new section.

»You can program the TND
Instruction unconditionally, or
you can condition Its rung
according to your debugging
needs.
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Main program
]

Sw 12 I
—TON
4 E TIMER ON DELAY (E”:])
Timer T4:2 DN
Time base (s2c) 1.0
FPreset 5
Accumulated 0
T4:2 LT4
L 4
—E ()
DM
SW 13 Temporary end
L g
4 3 (TND)}—
SW 1 LTH
1C TR
1L WS
SW 2 LT1
10 {1y
1L )
SW 3
1[__—RTD ( )
RETENTIVE TIMER ON EN)
Timer T4:3 DN
Time base (s2c) 1.0
FPreset 50
Accumulated 0
F'Br1 T4:3
i
4 X (RES)—

Remainder of main program

|



Simulated temporary end instruction program.

o=

I:1410 2200
qC P
1 L e
51 FPL1
I:141 22N
qrC P
1 L e
52 FL2
[:1)2 2202
qC o
1 L e
53 FL3
I:1)h

4 E {_THD
57

[:143 20203
qC P
1 L e
54 FL4
I:174 224
qC M
1 L e
545 FLA
[:1)% 224
qC P
1 L e
Sh6 FLE
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9.10

5LC 5105 CPY

RUN. FORCE

Ly ENET
Rsz22

saTT
I

Suspend Instruction
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The suspend (SUS) instruction Is used to trap
and 1dentify specific conditions during system
troubleshooting and program debugging.

:

4 JMP‘ LBL‘ an‘ HET‘ SEIF{‘ TND‘ MCH‘ sus‘ B

[ {I 2 I\ Program Control /< Ascii Control /< Ascii String /< Micro

SUS
Suspend
Suspend ID
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»When the rung is true, the SUS

— SUS output instruction places the
. ‘{ controller in the suspend mode

Suspend ID 100
and the PLC immediately
terminates scan cycling.

el
|

» All ladder logic outputs are de-energized, but other
status files have the data present when the suspend

Instruction Is executed.

» The SUS instruction writes the suspend ID number
(100) to S:7 as It executes.

»You can Include several SUS instructions in a
program, each with a different suspend ID.
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