Chapter 1

Data Manipulation

Instructions

© 2011, The McGraw-Hill Companies, Inc.



10.1

Data Manipulation
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Data manipulation instructions allow numerical
data stored in the controller’s memory to be
operated on within the control program.

There are two Word Data

Classes of data 101 (1{0]1]1|1]0{1]|0]1[0]1]1

manipulation
Instructions:
Instructions that File Data

operate on word 1]oJo]1[1[oJo[1[1]o[1[1]1]1]0]1
1[o[1[1[1 o111 [o[1[o[1]0]1]]

data and those that 0[1[1]0]1]0lo[o[o[1[o[1[1[0[1[]
operate on file data, 1[1]1{o[1]o[1][1]1]1]o]1]1]0]0]0
PRARE 1[1]o[1]1]o]o[o]o[1]o[1][1]0]0]1
Wh'C_hmVOIVe olofo[1[1]o[1[1[1[1]o[1[o[1]1]T
multiple words. o[ololo[1]o]o[ololo[1][1[1]0]1][1
1[1fo[1[1 o111 1111 ]1]1

© 2011, The McGraw-Hill Companies, Inc.



Data files, words, and bits.

Binary bit
’

Word or
register

> 1|01 ]1{0[1|1]1{0|1|0)1|0O[1 11

1/0{0(1|1]0[O[1]1]O[{1[1|1]1][0|1

1{0{1[1|1]0{1[1]1]0({1[0|1]0|1 |1
0/1]1]0{1]0|0|0O|0O|1]O|1|1]0O|1]1

1{1{1{0{1{0[{1|{1({1{1]0|1|1|0|0]|0
1{1{0{1{1{0{0[{0({0[1|0[1|1|0]|0]|1

00|01 {1011 |1|1]0]1|0O|1 |11

0/0|0|0{1]0|0|O|0|O|1]1|1]O|1]1

T[1T{O[1[1]O[T{T|1]T {1 |{T|1]T1[1]1

File or
table

o

Section of
memory map
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The data manipulation instructions are output
Instructions which allow the movement,
manipulation, or storage of data.

] EI MUM‘ AND

‘ {I } I,{ Compare /< Compute/Math x Move/Logical / File/Misc H

] COP‘ FLL‘ DDV STE | STS| STD| PID ‘ H

| <]» I Move/Logical )\ File/Misc ( File Shift/Sequencer  Prog|

)

OR ‘ XOR NDT‘ CLR

SCL| INT

E LIM | MEQ| EQU| NEQ| LES| GFIT| LEQ| GEQ| IH

L <> L Bit £ Timer/Counter £ Input/Output )\ Compare ( Com|
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10.2

Data Transfer Operations
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Data transfer instructions involve the transfer of
the contents from one word or register to another.

N7:20

N7:28
N7:29
N7:30
N7:31

N7:20

N7:28
N7:29
N7:30
N7:31
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0

0

0

0

1

1

1

1

0

0

0

0

1

1

1

1

Original data stored in registers N7:30 and N7:20

1

0

0

1

1

1

0

0

1

1

0

1

1

1

Data transferred from register N7:30 to N7:20

Original data are In
register N7:30 and N7:20

After the data transfer
has occurred register
N7:20 now holds a
duplicate of the
Information that is in
register N7:30.



The move MOV Instruction is used to copy the
value In one register or word to another.

1

] MoV

H 4| 4 I..{ Compare /< Compute/Math >\ Move/Logical / File/Misc ”

M‘JM‘ AND} OR ‘ XOR

NDT‘ CLR I b

— MOV
—1 MOVE -
Source

Destination

When the rung is true, this instruction copies data
from a source register to a destination register.
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SL.C 500 move instruction program.

Input Ladder logic program

L1 A

N7: Integer table

> N7:20

— MOV
1’ o o —][7 MOVE
Source N7:30

Destination N7:20
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N7:30




Simulated move instruction program.

—

=¥ [nteger lable

NF:20
NE:21
M2
MNF:23
MY 24
N7 25
MY 26
MNF27
N7.28
M2

=

o oo oo oo o oo

|
B adix: IDecimaI ~r| T able: IN.'-":Integer ;I Forces | %l

Addrezs | Symbaol |

— — — — — [ = - —_
Foy L} g} — = =} o = = e

N
n
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With the move with mask (MVM) instruction
the data being moved must pass through a
mask word to get to their destination address.

—MVM
MASKED MQOVE
— Source B3:0
Mask B3:1
Destination B3:4

Masking refers to the action of hiding a portion of a
binary word before transferring it to the
destination address.
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Move with mask (MVVM) instruction program.

Ladder logic program

Input
L1 A —MVM
‘ o—7¢ MASKED MOVE
o= ] [ Source B3:0
1010101010101010
Mask B3:1
FFOF
Destination B3:4
1010101011001010

1010101010101010 Source B3:0
1111111100001 111 MaskFFOF

1100110011001 100 Destination B3:4 before instruction
went true

1010101011001010 Destination B3:4 after instruction

\—‘—/ went true

Unchanged
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Simulated move with mask (MVM) program.

[:1/0 MV [
oo ] [ Masked Mowve
Input & Source B3:0
E 43680
- Mask B3
[ 00 | G5295
_ Diest Ba:4
52428
| 02 |
[ 03 |
0o ¢ END 5]
05

=¥ Binary Table

07 |
1514131211109 8§ v 6 6B 4 3 2 1 0 =
02 B3/ 1 o 1 a1 a1 o1 o1 o1 a1 o
B3/ 11111111 o 001111
_ Ba:2/ D 0 0O O O 0 0 0O O O O 0 0 0 0 0
B33 O 0 0O O O O 0 0O 0O O @ 0 0 0 0 0
m1 1T o o1 1 oo 1 1 oo 1 1 o o ;I

—
M2

Fiadiz: IEinar_l,l "’l Table: |B3:Binay | Forces | %l

Address ||33;4 Symbol |

— N — N
o (A ]

—
iy |
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The bit distribute (BTD) instruction is used to move
bits within a word or between words.

—BTD

Source

Source bit

Destination
Destination bit

BIT FIELD DISTRIBUTION

N70:22
3

N70:22
10

W

Length

Length 6
—BTD

BIT FIELD DISTRIBUTION

Source MN7:020

Source bit 3

Destination N7:022

Destination bit 5

10

W
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Moving bits
within words

Moving bits
between words

15

Destination bit
N70:22/10

08

07

l

Source bit
N70:22/3

00

111|0

1

1

0

1

15

A

08

07

Source bit N7:020/3

l

00

1

1

15

08

N70:22

N7:020

Destination bit N7:022/5

{}?l

00

1

0

1

N7:022



Move instruction used to change the preset time
of a timer program.

Ladder logic program

Inputs e Output
L1 — TON L2
1 ] [ TIMER ON DELAY (en)
Timer T4:1
— 0 O—PBi Time base 1.0 —(DN)
Preset ] PL1—
i0s G&s Accumulated o E j
581 MOV
2 —% MOVE
Source N7:1
10
Destination T4:1.PRE
0
581 MOV
3 1F MOVE
11 Source N7:2
5
Destination T4:1.PRE
0
T4:/DN PL1
4 1L e
1L N/
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Simulated
move
Instruction
used to
change the
preset time
of a timer
program.
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non

no1

noz

no3

no4

[:1460 TON
E Timer On Delay —{ EN ———
FB1 Timer T4:1
Time Base 01 —DH-
Preset 100
Arcom 1]
[:151 MOV
}f MMove
551 Source M
100
Diest T4:1.PRE
100
11 MOV
q1 F Move
551 Souroe M2
a0
Diest T4.1.PRE
100
T4:110M 220
1 P
J I e
PL1

T4:0
T4:1
T4:2
T4:3
T4:4
T4:5

/EM

o o o o o O

T

o o o o o O

Address |

/DM

o o o o o O

.PRE .ACC
1]
100
1]

1]

1]

1]

o o o o o O

R adix: Table: |T4: Timer - %I

ﬂ D]

[=

Symbaol |




Move
Instruction
used to
change the
preset count
of a counter
program.
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L{ Inputs

u—DﬁjE-— L51

Ladder logic program

#—O O— Reset

—CGTU
] [ COUNT UP (cv)
Counter CH:1
Preset 0——DN
Accumulated 0 )
il — MOV
] [ MOVE
Source MN7:1
300
Destination C5:1.PRE
]
H — MOV
] [ MOVE
Source i
175
Destination C5:1.PRE
]
= — MOV
] [ MOVE
Source MN7:3
50
Destination C5:1.PRE
]
C5:1/DN Full
1L £y
v/
Reset o511
..kFHESJ.

Output

Ful —_{




Simulated
move
Instruction
used to
change the
preset count
of a counter
program.
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== AT

0:2

00|
02 |
03 |

noa

0ot

ooz

no3

no4

oos

0og

=
1460 CTU
] [ Count Tp —[:CU:I*
L& Counter a1
Presat 5 —C_JDN}
Aconmn 0
111 MOw
] [ Move
A Soroe M7
30
Dlest Z51.PRE
a
1152 MOV
] [ Mlove
g St MT 2
10
Diest -51.PRE
a
153 MOV
] [ Move
C Sonroe M7 3
a
Diest Ca1.PRE
a
Ca1IDM 22
I P
J I
Full FL
154 a1
JE CRES)
Reset




A file 1s a group of related consecutive words In
the data table that have a defined start and end
and are used to store information.

Moving data using file instructions

File File

T
-

+
r
>
=

File-to-file move

File File

Word é > Word

Word-to-file move File-to-word move
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Word
N7:30

SL.C 500 word and file addressing.

Integer Table

N7:30/
N7:31/
N7:32/
N7:33/
N7:34/
N7:35/
N7:36/

N7:37/

o 0 O 0 O o o0

o 0 O O o o O |Q

o 0O O o o o o |Q

o o o o o o o o

o o o o o o o o

1514 13 12 11 10

o O O 0O O O O o

9
0
0
0
0
0
0
0
0

o O 0 0 9 o o o @O

o o o o0 o0 o o o =]

o O o o0 O o O o

o 0O o o o o o o U0

o o o 0 o o o o ik

o 0O 0o 0 o o oo W

o o o 0 o o oo b

(= Nl = T = I = R = R = I = R = R ]

[ o T v T e TR o Y o TR o TR o T = T v

Radix: I Binary

Table:

N7: Integer v|

Address #N7:30 represents the starting address of
a group of consecutive words in integer file 7.

File
#N7:30
Length =8

N7:37

The length is eight words, which iIs determined by
the instruction where the file address Is used.
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The file arithmetic and e

logic (FAL) instruction is | oo -
used to copy data from posir —9
one file to another and to Destinatir —ER)

do file math and file logic.

Control word uses four control bits: enable bit, done bit,
error bit, and unload bit.

Length represents the file length in words.
Position points to the word being operated on.

Mode (All, Numeric or Incremental) represents the
number of file elements operated on per program scan.
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— FAL
File arith/logical

Control
Length
Position
Mode
Destination
Expression

@)
o)
&

Destination is the address at which the processor
stores the result of the operation.

Expression contains addresses, program constants,
and operators that specify the source of data and the
operations to be performed. The expression entered
determines the function of the FAL instruction.
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File-to-file copy function program using the FAL

Input Ladder logic program
L1 — FAL
A FILE ARITH/LOGICAL
0—A :

1T Control R&E:1

‘ 10 Length s —(EN)
Position 0

Mode an —(ON)

Destination #N7:50 ER

528 _( )

Expression #N7:20
Expression Destination
#NT7:20 #N7:50
~ N7:20 528 — 528 N7:50
621 —» 621
] 778 — 778
File <4
986 — 986
342 — 342
~ N7:25 135 — 135 N7:55
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File-to-word copy function using the FAL

Instruction.
Input Ladder logic program
L1
o— A % — FAL
1[ FILE ARITHILOGICAL | (EN)—
1L Control R6:6
Length 5
Position 0 {DN)
Mode INC ER
Destination N29:5 _( )
Expression #N29:0
First move
File # N29-0 i Second move Word N29:5
Word 0 Word
-1
Fifth move

B W M

Fourth move
Third move
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Word-to-file copy function using the FAL

Instruction.
Input Ladder logic program
L1
H oA A AL
4 F FILE ARITH/LOGICAL EN
Control R6:2 4( )7
Length 6
Position 0 {DN)
Mode Incremental ER
Destination #N7:101 4( )
0
Expression N7:100
First move
N7:100 ? N7:101
\ N7:106

© 2011, The McGraw-Hil: connpains, i



Copying recipes and storing values for timer
presets.

Recipe A
3452 #N7:10
6789 Length = 4
8321
983

I
File-to-file copy

T4:0 preset value #T4.0.PRE
T4:1 preset value Length = 4
T4:2 preset value File of timer preset values

T4:3 preset value

)

File-to-file co
I = Recipe B

778 #N7:20
986 Length = 4
342

135
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The file copy (COP) instruction and the fill file
(FLL) instruction are high-speed instructions that

operate more quickly than the same operation
with the FAL instruction.

Location in RSLogix software

E DDPlFLLlDD\"lECLl INT|ETE|STE|ETD|PIJ| |H

[ <] » [{ Move/lLogical ) File/Misc { File Shift/'Sequencer { Prog]|

Input Ladder logic program
L1
o— A A — COP
] [ COPY FILE
Source #N40:1
Destination #N20:1
Length 6
N40:1 N20:1
N40:2 > N20:2
N40:3 > N20:3
N40:4 = N20:4
N40:5 > N20:5
N40:6 = N20:6
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There i1s no control element to monitor and data
conversion does not take place, so the source and
destination should be the same file types.

Location in RSLogix software

E COP| FLL|D[N|SCL| IIIIT|STE|5’TB|STD| PID| m

[ «]» [{ Movellogical ) File/Misc { File Shift/'Sequencer { Prog|

Input Ladder logic program
L1
oA @ — FLL
] [ FILL FILE

Source N15:5
Destination #N20:1
Length 6

N20:1

N20:2

) = — N20:3

| L 22 | = N20:4

N20:5

N20:6
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Using the FLL instruction to change all the data
In a file to zero.

Inputs Ladder logic program
L1
PB1 — COP
] [ COPY FILE
o—0O O PBi Source #N10:0
Destination #N12:0
Length 4
1
e—0O O PB2 PB2 FLL
—] [— FILL FILE
Source 0
Destination #N12:0

Length 4
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10.3

Data Compare
|nstructions
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Data compare instructions are input instructions
used to compare numerical values.

Name Symbol
Equal to (=)
Not equal to (#)
Less than (<)
Greater than (>)
Less than or equal to (=)
(=)

Greater than or equal to

These instructions compare the data stored in two
or more words (or registers) and make decisions
based on the program instructions.
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Comparison instructions are used to test pairs of
values to determine if a rung Is true.

4 LIM ‘ MEGl Euul NEQ‘ LES‘ GHT‘ LEul GED| )

||4|) I{ Bit £ _Timer/Counter ( Input/Output ) Compare ( Cuml

LIM (Limit test) —Tests whether one value is within
the limit range of two other values.

MEQ (Masked Comparison for Equal) —Tests
portions of two values to see whether they are equal.
Compares 16-bit data of a source address to 16-bit
data at a reference address through a mask.
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4 LIM ‘ MEQl Euul NEQ‘ LES‘ GFIT‘ LEQ| GEDl )

||4| » |£ Bit £ Timer/Counter £ Input/Output ) Compare £ Cuml

EQU (Equal) —Tests whether two values are equal.
NEQ (Not Equal) —Tests whether one value is not
equal to a second value.

LES (Less Than) —Tests whether one value Is less
than a second value.

GRT (Greater Than) —Tests whether one value Is
greater than a second value.

LEQ (Less Than or Equal) —Tests whether one
value is less than or equal to a second value.

GEQ (Greater Than or Equal) —Tests whether one
value Is greater than or equal to a second value.
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The equal (EQU) Instruction rung compares
the value of source A to that of source B.

Ladder logic program Output
—EQU
EQUAL PL1 -
Source A { }
T4:0.ACC PL1 ﬁ—-
Source B
N7:40

When source A s equal to source B, the instruction
Is logically true and PL1 is switched ON.

When source A s not equal to source B, the instruction
Is logically false and PL1 is switched OFF.

© 2011, The McGraw-Hill Companies, Inc.



Simulated equal (EQU) Instruction program rung.

N "'I'M
EQU 20
oon Equal i ?
Srmrme T4:0ACC PL1
N
Sorce B M40
10
[:110 —TOH
001 1 E Titner On Delay L CENT—
Timer T4:.0
Time Base 0.1 DN
Preset 20
Aomim 0
ooz W alue ﬂ '::END :]_
N33 1]
M40 10
M4 1] J
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The not equal (NEQ) instruction is logically true
when source A Is not equal to source B, otherwise
It is logically false.

Ladder logic program Output

— NEQ PL1
NOT EQUAL _( )_
Source A N7:5

30 PL1 —(: i—.

Source B 25
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Simulated not equal (NEQ) Instruction program

—0-2 Sonrce B 25
a01%h
00 |
= Integer Tabl "
m 001 =Y INeger laple r IiEHD‘;l_
073 | W alue ;I
- N7.3 0 ]
M74 1]
M5 10
N S MR M
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The greater than (GRT) instruction is logically
true when source A Is greater than source B,

otherwise it Is logically false.

Ladder logic program Output

— GRT Lo
GREATER THAN PL1

TaoAce RARCEeOS

Source B
200
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Simulated greater than (GRT) instruction

program rung.

- 1 X

- GRT il
goo Greater Than (4=F) o
Soaree T4 0ACC PL1
1]
I:1 0:2 Source B 20
0014h
¢ o [ |-&
g o [ -
[0 TON
¢ o [H |-& [HE 001 ] E Timer On Delay L ENT—
Titner T4:10
¢ o [ |-& [E Time Base 01 |—rDH—
o o i - 4 Preset 200
Aomim 1]
¢ o [H |-& I3
¢ o i - (F =% [1mer [able
"o [H |- [H 0oz /EN  JTT /DN PRE .ACC - CEND ™
1] 1] a 300 a
o o -
2 08 T411 1] 1] a 1] a -
oo | €
R adix: T able: |T4: Tirner j | §|
5o - i | =
&5 o : Address | Syrmbol |
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The less than (LES) instruction is logically true
when source A Is less than source B, otherwise It IS

logically false.
Ladder logic program OQutput
— LES L2
LESS THAN -
Source A {: } PL 1 {I_,
C5:10.ACC

Source B
350
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Simulated less than (LES) instruction program
rung.

LES

oo Less Than (A=F) <
Soaree CHDACC FL1
1]
I-1 Sonrce B ]
o [l 000ah
\5.-_}
Ls’ KL CTU
L;* [ 02 (& 02 001 1 E Coumt Up e 1 gy M
Counter Za10
\-6."} = "& L3 Preset 100 —DH 23—
o "0— Aeoam 0

Lﬁ'& (&

Ls’ 111 A0

L;r (& 002 JE CRES——
o [iEl

< mlem

Ls’ iE iE 03 ¢ EHD ]
L;* (" JCU 4D /DM JOV JUM PRE ACC -]
Lﬁ:} "g- C5:8 0 I I 0 0 0 0 =
C5:9 0 0 0 0 0 0 0
L;* (& 0 0 0 0 o 100 0 -
<
| f —__ Fiadix: | T able: |E5: Counter ~r| ] %]
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The greater than or equal (GEQ) Instruction Is
logically true when source A Is greater than or
equal to source B, otherwise it is logically false.

Ladder logic program

~GEQ
GREATER THAN OR EQUAL | PL1
Source A N7:55 J( )‘
100
Source B N7:12
23
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PL1

Output

L2

Y
I A




Simulated greater than or equal (GEQ)

Instruction program rung.
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LAD =
GEQ 0:2/0 '
ooo Grir Than or Eql i E
sonrce M7:55 PL1
23
Source B MT12
23
01 =¥ [nteger Table CEND




The less than or equal (LEQ) Instruction is
logically true when source A is less than or equal

to source B, otherwise it is logically false.

Ladder logic program Output

— LEQ PL1 L2
LESS THAN OR EQUAL

Source A 4( )— PL 1 H .

C5:1.ACC
Source B
457
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Simulated less than or equal (LEQ) instruction
program rung.

LEQ :
ooa Less Than or Eql "'-.: ?
Soaree  CHTACC PL1
1]
: 0-2 Sonrce B g
55 0 00 | 000&h
5 o I
[0 CTU
<o [HE 02 | 001 7 E Connt Up |
Counter a1
o 03 03 Preset 100 —CDH 33—
-dJO- Aeoum 1]
"o [ =
007 1 E {RES —
<o I o )
o il |l-e @ ' ' .
__ _ 003 A0 /D DN OV MU PRE ACC “! [T END ™
o C50 o o o 0o 0 @ 0 :‘
& o 10 CEA1 0 0 0 0 I 100 0
Ch:2 0 0 0 0 I 0 0 -
T =
S0 R adix: | T able: |E5: Counter | §|
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The limit test (LIM) Instruction Is used to test
whether values are within or outside the
specified range.

Ladder logic program

— LIM
LIMIT TEST (CIRC)

Low limit N722 — —

Test N7:23

High limit N7:24
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The low limit is less than the high limit.

Ladder logic program Output
_Hﬂn TEST (CIRC) L
Low limit N7:22 (—es{ Ymm—| PL1 —H—-
25
Test N7:23
48
High limit N7:24
50
False (< 25) 25 50 False (> 50)
g % L -
True

Instruction is true for test values 25 through 50.

Instruction Is false for test values less than 25 or
reater than 50.
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Simulated limit test (L1M) instruction rung.
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—LIM 0
oo Lirmit Test < 3
Livar L My 22 FL1
245
_D:E Test NTEE
0. 4
High Lim M7 24
a0
02 |
= 001 =¥ [nteger lable _ CEND ™
Walue ;I
M7:22 25 =
43
N7-24 50 |
07 | .
Radis: |Dec:ima| "’I T able: |N?': Inteqer j Forces | =
3 |
e Address |NF":23 Syrmbol |




The low limit is greater than the high limit.

Ladder logic program Output

—LIM
LIMIT TEST (CIRC) =

Low limit N7:28 —es( Jm— PL1 H +

100

Test N7:29
125
High limit N7:27
50
True (= 50) 50 mn( 100) True

- -

False

Instruction 1s true for test values of 50 and less than
50 and for test values of 100 and greater than 100.

Instruction Is false for test values greater than 50
and less than 100.
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Simulated limit test (L1M) instruction rung.

—0-2 Test MT:24
125
g l0o HighLim  N7:27
& o
s all 07 |
- [E 001 =¥ [nteger Table X CEND
A Yalue ;I
o G N7:27 5
N7:28 100 _|
& 125 ;I
- Il . :
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The masked comparison for equal (MEQ)
Instruction compares a value from a source
address with data at a compare address and
allows portions of the data to be masked.

Ladder logic program

—MEQ
MASKED EQUAL

~
W/

Source

Mask

Compare

The MEQ instruction can be used to compare

the correct position of up to 16 limit switches when the
source contains the limit switch address and the compare
stores their desired states.
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MEQ instruction rung.

Ladder logic program

—MEQ
MASKED EQUAL

Source

Mask

Compare

N7:5
N7:6

N7:10

PL1

(O

Source N7:5 01010101 01011111
11111111 11110000
Compare N7:10 01010101 0101 xxxx

Mask N7:6

Output

L1}

When the data at the source address match the data at
the compare address bit-by-bit (less masked bits), the

Instruction Is true.
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Simulated MEQ instruction rung.

MEQ 2200

aoo Masked Equal O
Soniroe M5
218445
Mask MY:E
Ba520
Cormpare Y10
21840
=¥ [nteger Table

oot 15 14 13 12 11 END 3

1
1
o
o
o
1

Radiz: |Einar_l,l -rl |NF": Integer ﬂ

Address [7. Symbal |
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10.4

Data Manipulation
Programs
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Hardwired relay-operated, time-delay circuit.

—
Y
—
M

o Start @ :

. Qf; {)JT} | o SOLA |
T T

1TDG - I %GSDLB'

2T - I oA soLc|

3TDG = oA soLD|
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Equivalent programmed time-delay circuit.

Inputs Ladder logic program Outputs
Stop Start SOL A
I ® -
L1 1L NS
SOL A
'—QJ_Qf Stop
¢ O O Start SOLA —TON
] [ TIMER ON DELAY (EN)
Timer T4:1
Time base 1.0 —(DN
Preset 15 )
Accumulated 0
—GEQ SOL B
GREATER THAN OR EQUAL ( )
Source A T4:1.ACC
0
Source B 5
—GEQ SOLC
GREATER THAN OR EQUAL )
Source A T4:1.ACC
0
Source B 10
T4:1 SOLD
IL O
DN

(O A

v W LYy v



Simulated programmed time-delay circuit.

LSl (15

o 3
Ls’-} [ 07 |
o IE
< B

10
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i

— —L = = [} =
-1 [} [m] (mp] o —

1 86006006 6006060600

ooz

ooz

004

[:1/0 [:1r1 0200
1 E ] P
I I L.
Stop Start SOLA
Q20
1 E
I
SOLA
Q.0 TON
1 E Timmer Om Delay - ENT—
SOl A Titner T4
Time Base 01 DN
Preset 140
bcoum ]

GED 021
Grtr Than or Eql o
soarce T4 ACC SOLE

1]
Source B a0
Q03zh

GEQ 0202
Grtr Than or Eql s
Sonree T4 ACT SOLC

0

Somrce B 100

Q0&4h
T4:1/DM 0203
91 C P
I L
SoLD

Inc.




Timer program implemented using the EQU

Input Ladder logic program Qutput
- > — TON L2
1[ TIMER ON DELAY |
‘ 10 ! &N T
Timer T4:1 DA
Time base 1.0 _(D[\D
Preset 20
Accumulated 0
—EQU PL1
o I EQUAL (L)
Source A T4:1.ACC
Source B L
—EQU PL1
3 || EQUAL (v
Source A T4:1.ACC
Source B 15
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Simulated timer program implemented using the
EQU instruction.

mifs m
> I-1r0 TOH
4 E Timer On Delay Iy g W
=1 Timer T4:1
Time Bas 01 —DH
Preset 200
Aeoum 0
EQU 2200
Equl >
Sonrce T4:1 ACC PL1
1]
Zouree B a0
0032h
EQU 1]
Equal .f’U‘“\
Sonrce Td1 ACC PL1
1]
Souree B 150
0096h
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Counter program implemented using the LES

Input Ladder logic program Output
L1 L2
ST?DF _ CcTU
COUNT UP —{CU
/\ 1L Counter C5:1 )_ SOL
Preset 50
O
? 0\“"- EEIEE Accumulated 0
—LES
=4 LESS THAN
Source A C5:1.ACC
= 0
Source B 20
1[ RE
1 LDN (RES)—
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Simulated counter program implemented using
the LES instruction.

I:140 B3:0/0 CTU

g0 ——— B—q 0sr7] Comnt TUp o
o Sensaor Counter can
0: Preset 50 DN
m Lemun 1]
02 | LES 0210
03 oo Less Than (&=FE) f: ;
Sonree C5:1.AC% S0l
if
Somree B 20
05 | 0014k
07 | Ca1i0M zan
00z 1 E RES™
=
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Vessel fi I I i n g _gEgATER THAN OR EQUAL
operation.

Source B

Solenoid

» The receiving vessel has its
weight monitored continuously
by the PLC program as it fills.

< == >When the weight reaches a
- preset value, the flow Is cut off.

»Should the system leak additional material into the
vessel, the total weight of the material could rise above
the preset value causing an equal instruction, if used, to
go false and the vessel to overfill.
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10.5

Numerical Data |/O
|nterfaces
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Multibit interfaces allow a
group of bits to be input or
output as a unit.

Each one of the switches provides
four binary digits at its output
that correspond to the decimal
number selected on the switch.

The BCD input module
allows the processor to accept
the 4-bit digital codes and
Input their data into specific
register or word locations.

© 2011, The McGraw-Hill Companies, Inc.

Decimal

15 units

10s units

100s units

000s units

L1
L2

~

IMML?.

Thumbwheel

1

switch

(TWS)

|

BCD
input module

Bit
address

Wh—= o

O = = | D

[ ) Y Y Y

o|o|o|o

(SIS | (IS ]| [SNNS | [ ]

(8]




The seven-segment LED
display is a typical Binary

Coded Decimal output device.

It displays a decimal number that
corresponds to the BCD value it
receives at Its input.

The BCD output module 1s used
to output data from a specific
register or word location.
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BCD

=1
ml—h
= |3
[= R

alolola Q

(=] B [an] [ ]

100s units 3

O S =] =

1000s units EI

oD =D

L1Q

[ =
|OOOD | (MO | (0P| SOOS| B _E

L2

(@]

’

wWh = o

~ i

10
11

12
13
14
15




Program for monitoring the setting of a

thumbwheel switch.

L Inputs Ladder logic program
- MOV
MOVE
¢ O 0—51 Source TWS
Destination LED
1 E
+ 12E L ws >l rEQu PL
3 E | (All 16 bits) ][ Sl ()
= Source A TWS
S B 1208
Thumbwheel switch ouree

132z 028
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Qutputs

L2
— [
—_ u
=i

LED = -
(All 16 bits) | = U
=N

LED display

12|08



Simulated program for monitoring the setting of
a thumbwheel switch.

MOV
oo Mo
Source |5
1]
Drest 6
1]
11010 EQ0 Q20
001 3 E Equal <
51 Souroe 5 PL
1]
Source B 4616
1208h
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Analog modules convert analog signals to 16-bit
digital signals (input) or 16-bit digital signals to
analog values (output).

BCD conversion value
|

Data
Analog output module l bus
o2 l
, I
S 3| 0
Therm.?f:?g;?l? 1
= ,a,::::?tg M\f\/\'\ Pu{';[] g 113
L1 device . 73 I )
L2 % ? g 1
R
An analog I/O will allow 12—
monitoring and control e
of analog voltages and

cu rrents
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The analog output interface module receives
numerical data from the processor.

#-—

—

—_—
Word —-| Digital
data — to .
from —-| analog el el
CPU | converter

——

#—

—

These data are then translated into a

Amplifier

Voltage
and
current
driver

Analog
output

Servo
> | motor

Load

proportional voltage or current to control an

analog field device.
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10.6

Closed loop Control
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In open-loop control, no feedback loop Is
employed and system variations which cause the
output to deviate from the desired value are not
detected or corrected.

System
Input

Point .I Controller -I System .
Sensor

Feedback Signal

System Output

A closed-loop system utilizes feedback to
measure the actual system operating parameter
being controlled.
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PLC closed-loop control system.

Adjustments are
made continuously
by the PLC until
the difference
between the
desired and actual
output is as small
as Is practical.
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Set-point
(potentiometer)

:

Measurement of
variable to be
controlled
(sensor)

Y

PLC
controller

Y

Control
element
(heater-valve)




With on/off PLC control the output is either

on or off.

Inputs Ladder logic program
L1
S rMOV
00— 00— 51 i P L0l
Source Thermocouple
Destination LED

LEQ B3:0/1
Thermocouple
LESS THAN OR EQUAL ( J=—
Source A Thermocouple (Internal)
I Source B 597
=il | ==~
\
_GEQ B3:0/2
GREATER THAN OR EQUAL {: )
Source A Thermocouple (Internal)
Source B 603
High temp. Low temp.
ST B3:0/2 B3:0/1 Heater
¢
I <
Heater

© 2011, The McGraw-Hill Companies, Inc.

3

Qutputs

Heater —|-@ TTTeereIeer

o
]
0
LED —
H
H

LED Display




Proportional controls are designed to eliminate the
hunting or cycling associated with on/off control.

Proportional control
allows the control
element to take
Intermediate
positions between on
and off.

Analog output

e ]

<
\._./
LQ—J/

Adjustable

valve

Ultrasonic
level sensor

—

PLC

4 to 20 mA
analog input

The PLC analog output module controls the amount of
fluid flow by adjusting the percentage of valve opening.
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Proportional-integral-derivative (P1D) control is
the most sophisticated and widely used type of

process control.

-
Setpmnt—»@— Error

D

Output —»

PID controllers produce outputs that depend on the
magnitude, duration, and rate of change of the system

error signal.
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Set-point Error _
(SP) —> — > | PID equation

Flow
rate Level Prqcess
detector variable Control
(PV) variable

PID control loop =i v

Y

| Sl

» Operating information from the machine is called the
process variable or feedback.

» Input from the operator that tells the controller the
desired operating point Is called the set-point .

» The difference between the set-point and the process
variable is called the error.
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Programmable controllers are either equipped
with PID 1/0 modules that produce PID control
or have sufficient mathematical functions of their
own to allow PID control to be carried out.

PID

___| PID I
Control Block N10:0
Process Variable N10:28
Control Variable N10:29
Control Block length 23
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