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Chapter 8

Program/Flow Control and Sequential Step




Introduction to Programmable Logic Controllers

8.1 Program/Flow Control

Master Control/Master Control Reset

o If the rung is TRUE, the fenced program (routine) is
executed.

o If the rung is FALSE, the fenced program is bypassed.
o These instructions are generally used in pairs.

o The first instruction starts the flow control change,
sending the PLC to a special routine of instructions in
another section of the control program.

o The other instruction returns the PLC to the program it
was running when the flow control change occurred.
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Chapter 8

8.1 Program/Flow Control

Master Control/Master Control Reset

MC

Nesting (n)

Device (Bit)

Fenced Master Control Zone

MCR

Nesting (n)

Master Control

Order number of
Fenced Program

Status Bit
\ 4
N1 MO 1
{Y0 A
| MCR N1 1

T

Master Control Reset

HCM City Univ. of Technology, Faculty of Mechanical Engineering
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8.1 Program/Flow Control

Master Control/Master Control Reset

The fifth rung is ignored while the MC is not activated.
M10 device indicates the status of MC.

0— | (Y0 )

2 W [MC NO M10 1
NO  M10

5 Iwlz (Y1 Y

7 | MCR NO 1

HCM City Univ. of Technology, Faculty of Mechanical Engineering 4 Duong Van Tu
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8.1 Program/Flow Control

Master Control/Master Control Reset

The MC is activated if its rung is ON.

If the MC is activated, the fenced program is implemented.

0—| (YO )
M1

2 [] Imc NO M10 I
No ] M10
M2

5 | Hv1 B

7 [ MCR NO ]

HCM City Univ. of Technology, Faculty of Mechanical Engineering 5 Duong Van Tu
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8.1 Program/Flow Control

Pointer |o A pointer instruction identifies the ladder rung where is the target

destination of a condition jump (CJ).

o The pointer indicates the ladder rung which is implemented while the rung

of CJ is ON.
Pointer
0 | | [MC N1 MO 1
P1
31 (Y0 )
6 MCR N1 1

HCM City Univ. of Technology, Faculty of Mechanical Engineering 6 Duong Van Tu
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8.1 Program/Flow Control

CJ Instruction

o Condition jumps instruction allows the control program sequence to be altered if
certain conditions exist.

o If the rung condition is TRUE, the jump to the pointer tells the processor to jump

forward and execute only the target rung. Condition jump
MO 1
0 ] [cJ P1 1
Pointer M2
3—H (Y2 )
P1 X0
5 —1N fivo )
M1
81— (Y1 )l

HCM City Univ. of Technology, Faculty of Mechanical Engineering 7 Duong Van Tu
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8.1 Program/Flow Control

CJ Instruction

MO
3 i [CJ P1 1
M2
3 i (Y2 !
P1 X0
51— fiyo [}
81— | (Y1 )

o The third rung is ignored while the condition jump instruction is ON.

o There is only the fifth rung implemented where the CJ instruction jumps to.

HCM City Univ. of Technology, Faculty of Mechanical Engineering 8 Duong Van Tu
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8.1 Program/Flow Control

FEND Instruction

o The FEND instruction is used in cases where the CJ instruction or other
instructions are used to cause a branch in the sequence program operations
o Execution of the FEND instruction will cause the CPU module to terminate the

program it was executing.

o Even sequence programs following the FEND instruction can be displayed in

ladder display at a peripheral device.

HCM City Univ. of Technology, Faculty of Mechanical Engineering 9 Duong Van Tu
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8.1 Program/Flow Control

FEND Instruction

0 Main routine
program

e

Operation performed when — | 1 CJ | P** |—
the CJ is not executed. \ : )
Main routine +—— Skipped by CJ instruction
program
{ FEND |—
px* Main routine
program Operation performed when the
" FEND }— CJ is executed.
{ END |—
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8.1 Program/Flow Control

FEND Instruction

MO
0 ] [cJ P1 1
M2
3—H (Y2 )
P1 X0
3 B fyo B
M1
g — Y1 [}
10 [ END l

Without FEND instruction
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8.1 Program/Flow Control

FEND Instruction

MO
. i [cJ P1 1
M2
3—H8 (Y2 )
P1 X0
5 B {yo B
g [FEND |
M1
o —1 (Y1 )
11 [ END l

With FEND instruction
HCM City Univ. of Technology, Faculty of Mechanical Engineering 12 Duong Van Tu
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8.2 Sequential Step

o Many applications require the working flow in sequence.
o The flow control can be divided into many steps.

O The steps are executed sequentially, one by one. Each step performs a task.

Logical equation in step sequence:

Si = (Si=1-Ci)- Sitq
S; stands for it" step.

S;_4 stands for (i — 1)t step.
S; 1 stands for (i + 1)t step.

C; stands for the it"* step condition.
HCM City Univ. of Technology, Faculty of Mechanical Engineering 13 Duong Van Tu
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8.2 Sequential Step

o it" step is activated when the (i — 1) step was activated and the it" step condition
is ON.

o it" step is deactivated when the (i + 1)t step is activated.

Si = (Si—1-Gi)-Siy1
o The status of steps are indicated by internal devices.

o There are some techniques to construct the sequential steps.

HCM City Univ. of Technology, Faculty of Mechanical Engineering 14 Duong Van Tu
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Chapter 8

8.2 Sequential Step

o Using SET/RESET instruction

Start Stepl Step i Step i
condition condition l condition
| ! L
— | | | SET St — | | | SET S(i)
Step 1 Step?2 Step i+1 Step i+1
l condition l condition
! L
— | | | SET S2 — | || SET S(i+1) |
RST S1 RST S(i)
HCM City Univ. of Technology, Faculty of Mechanical Engineering 15 Duong Van Tu
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8.2 Sequential Step

o Using SET/RESET instruction
Step 1
state

| [ oupur

Step(i)
state

—| I { Output(i) }—

Step(i+1)
state

—| I { Output(i+1) }—

HCM City Univ. of Technology, Faculty of Mechanical Engineering 16 Duong Van Tu
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8.2 Sequential Step

X0
0 [SET M1
. Start STEP1
o Using SET/RESET
M1 X1
21— | | | [SET M2
STEP1 Sensorl STEP2
M2 X2
51| | [RST M1
STEP2 Sensor2 STEP1
kSET M3
STEP3

HCM City Univ. of Technology, Faculty of Mechanical Engineering 17 Duong Van Tu
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8.2 Sequential Step
M3 X3
I 9 — | | [RST M2
o Using SET/RESET *[{——1+ st w2 ]
[RST M3 |
STEP3
M1
0— | (Y1 )
STEP1 Output1
M2
21— | (Y2 }
STEP2 Output2
M3
41— | (Y3 )
STEP3 Output3

HCM City Univ. of Technology, Faculty of Mechanical Engineering

18

Duong Van Tu



Introduction to Programmable Logic Controllers Chapter 8
8.2 Sequential Step
o Using Output coil
Start Stepl  Step2 Step(i-1) Step(i) Step(i+1)
condition condition state state condition state
L ' | . ' :
— | | FH——{s1} — | | s() F
Step1 state Step(i) state
| | ||
Stepl  Step2  Step3 Step(i) Step(i+1) Step(i+2)
state condition state state condition state
L ' | . ' :
— | | H——s2} — | | H—{sG+1) |
Step?2 state Step(i+1) state
| | ||
HCM City Univ. of Technology, Faculty of Mechanical Engineering 19 Duong Van Tu
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Chapter 8

8.2 Sequential Step

o Using Output coll

Step 1
state
|

Step(i)
state

{ Outputl }—

|

Step(i+1)
state

{ Output(i) }—

(

|

L Output(i+1) }—

HCM City Univ. of Technology, Faculty of Mechanical Engineering

20

Duong Van Tu



Introduction to Programmable Logic Controllers Chapter 8
8.2 Sequential Step
o Using Output coil
X0 M2
0 ———4 (M1 )
Start  |STEP2 STEPT
M1
i |
STEPT
M1 X1 M3
41— | | | ++ (M2 )
STEP1 Sensorl |STEP3 STEP2
M2
i | ‘ \
STEP2
HCM City Univ. of Technology, Faculty of Mechanical Engineering 21 Duong Van Tu
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8.2 Sequential Step
M2 X2 X3
|| | F {M3 )l
O Using Output coil [STEP2  Sensor2 |Sensor3 STEP3
3
|
STEP3
M1
| {Y1 )
STEP1 Output1
M2
i {Y2 }
STEP2 Output?
M3
| (Y3 )
STEP3 Output3

HCM City Univ. of Technology, Faculty of Mechanical Engineering
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8.2 Sequential Step

o Using Register Step(i-1)  Step(i)

state condition

= Use a internal device as an step index. | l r
| || an i -
= The value of the step index indicates the [ | | Assign i to Device }-
current step. Step(i) Step(i+1)
= Since the value of the step index is unique, St?te CO”Tition
the steps do not overlap. | | |—{ Assign i+1 to Device ]
Step(i)
state
|
— | [ Output(i) ]—

HCM City Univ. of Technology, Faculty of Mechanical Engineering 23 Duong Van Tu
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8.2 Sequential Step

o Using Register

X0
0— = DO KO } MOV K1 DO

Start
6= DO K1 ] (M1

STEP1
X1
|| MOV K2 DO
Sensor]

HCM City Univ. of Technology, Faculty of Mechanical Engineering 24 Duong Van Tu
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8.2 Sequential Step

o Using Register

—
]

DO K2 ] (M2
STEP2

X2

| | MOV K3 DO
Sensor2

s = © } {SNPEW

X3

| | [MOV KO DO

Sensor3

HCM City Univ. of Technology, Faculty of Mechanical Engineering 25 Duong Van Tu
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Chapter 8

8.2 Sequential Step

Motor

Start: X0 Solenoid Valve A
Inlet 1

Stop: X1

FS: X2

Valve A: Y20

Valve B: Y21

Motor: Y22

Valve C: Y23

Solenoid Valve B

On: Open/Run InstrumentationTools.com
Off: Close/Stop

[o1]

[

Float

Switch (FS)

Solenoid Valve C

Drain

HCM City Univ. of Technology, Faculty of Mechanical Engineering
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8.2 Sequential Step
[Title]Step 1
X0
0— = DO (MOV K1 DO )
Start Process Process
Index Index
150 DO K1 ] {Y20 )
Process Valve A
Index
{Y21 )
Valve B
HCM City Univ. of Technology, Faculty of Mechanical Engineering 27 Duong Van Tu
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Chapter 8

8.2 Sequential Step

[Title]Step 2
X2
20(= DO K1 | | MOV K2 DO |
Process Sensor2 Process
Index Index
B = DO K2 (Y22 )
Process Motor
Index
K200
(T )
Mix Time
HCM City Univ. of Technology, Faculty of Mechanical Engineering 28 Duong Van Tu
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Chapter 8

8.2 Sequential Step

[Title]Step 3
T1
43 = DO K2 | [MOV K3 DO I
Process Mix Time Process
Index Index
58 [ = DO K3 ] (Y23 )
Process Valve C
Index
K200
(T2 )
Discharg
Time
HCM City Univ. of Technology, Faculty of Mechanical Engineering 29 Duong Van Tu
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8.2 Sequential Step
T2
66 | = DO K3 | [MOV KO DO }
Process Discharg Process
Index Time Index
HCM City Univ. of Technology, Faculty of Mechanical Engineering 30 Duong Van Tu
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