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PLC Programming Languages

m In the United States, ladder logic is the most popular
method used to program a PLC

m This course will focus primarily on ladder logic programming

m Other programming methods include:
Function block diagrams (FBDs)
Structured text (ST)

Instruction List (IL)
Sequential function charts (SFCs)

e
Anatomy of a Ladder Program

Input Instructions (conditions) Output Instructions

\ \ \ (actions)
Rung 0 O
Rung 1 O
Rung 2 O
J ()
N\
<—— Left power rail Right power rail —— |,

Ladder Logic Fundamentals 2
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Anatomy of a Ladder Program
(cont’d)

m |nput instructions are entered on the left
m Output instructions are entered on the right

m The power rails simulate the power supply lines

L1 and L2 for AC circuits and +24 v and ground for
DC circuits

m Most PLCs allow more than one output per rung

" S
Anatomy of a Ladder Program
(cont’d)

m The processor (or “controller”) scans
ladder rungs from top-to-bottom and from
left-to-right.

The basic sequence is altered whenever jump
or subroutine instructions are executed.

Ladder Logic Fundamentals 3
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1
Anatomy of a Ladder Program (contd)
Use standard start/stop logic to contral swstern start ot
Start Stop
I_PBO |_FE1
<LocalE:l.Dvata. 0> ¢LocalBl.Datal> RS5Wiew Stop
0 3 E 3 B 3/E
RSView_Start
=l
1 C
B_SyetemOn A 3-rung example ladder program
Contral the diopline motor and the green stack light
tator
0_Matar
B_Spstern_On <Local3:0.Data[1].0>
1 1 E
Stack light - Green
0_Green_Stack_LT
<Local3:0.Datal2] 1>
Control Product Stop #1
Photoepe 2 Photoeye 3 Shot pin down sensor Product Stop 2 Product Stop 1
|_PE2 |_PE3 |_Shot_Pin_Dawn 0_Ps2 0_P51
B_Systern_On <Locak 31 Data[0].2 <Locak 3l Data(110x  <Local 31 Datal8)0x  <Locab30.Datal3).2:  <Locak30 Datal3]) 3
2 1 E 1 E 3/E 9 E 3/E
Product Stop 1
0_Ps1
<Local 3:0.Data[3].32
[End]

" S
Anatomy of a Ladder Program (cont’d)

Rung Comment

Use standard start/stop loqis bo control systern start bik ‘\)

Start Stop
I_FEO I_PB1
<LocalEl.Data. 0> <LocalBlDatal>  RSYiew Stop
I 3 E 'Ifl'
a4 C E =L

RSWiew_Start
JE
L

B_System_On

Rung Number

Description assigned to alias ta
ot — p d g

I_FBO

<Local®| Datao= Alias tag pointing to base address

Base address

Input Instruction

Ladder Logic Fundamentals
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Logic Functions

m PLC programming is a logical procedure

m In a PLC program, “things” (inputs and rungs)
are either TRUE or FALSE

m |f the proper input conditions are TRUE:

The rung becomes TRUE and an output action occurs
(for example, a motor turns on)

m |f the proper input conditions are not TRUE:

The rung becomes FALSE and an output action does

not occur o

" JEE
Logic Functions (cont'd)

m Ladder logic is based on the following
logic functions:
AND

OR
» Sometimes called “inclusive OR”
Exclusive OR

10
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Logic Functions - AND

Inputl —— AND

—— Output
Input2 —— LOgIC

Input1l | Input2 | Output
0 0 0
0 1 0 0 > False
1 0 0 1 - True
1 1 1
Contacts
anoed | [ (
together
11
[ |
JA——
Inputl ——
O —— Output
Input2 —— LoOgic
Input1l | Input2 | Output
0 0 0
0 1 1 0 - False
1 0 1 1-> True
1 1 1
Contacts I ( )
ORed ‘
together
12
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Logic Functions - Exclusive OR

In addition to ANDing and ORing, the Exclusive OR (XOR) is
also useful. When the inputs are DIFFERENT, the XOR
output is true.

Inputl —— XOR

—— Output
Input2 —— LoOgIC

Input1 | Input2 | Output
0 0 0
0 1 1 0 > False
1 0 1 1 - True
1 1 0

13

" JE
Logic Functions (cont’d)

m Example 1 — Inputs ANDed together in series

Inputs ﬁ_\ Output ——\

Photoeye 3 Fhotoeye 4 Product Stop 2
I_PE3 I_FE4 0_Fs2
B_Swstem_On  <Local3 Data[1].0> <Local3:Data[0].4> <Local:3:0 Data[3]. 2>
1E 1E 3/
| 1L J L L

Three input instructions ANDed together.

All 3 input instructions must be
true in order to energize the output

14
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Inputs

Clamp
O_Clamp
<Local:3:0.Datal3].4>
1 E

"
Logic Functions (cont'd)

m Example 2 — Inputs ORed together in parallel

Output \

1L
Pushhutton 2 (W.0.)
|_FB2_no
<Localfl Data.2»

1 F
J 0
Phaotoeye 7

I_PE?
<Local 31 Data[0].7>

CTU
Count Up S —
Counter C_Clamp_Cycles —(DN—
Freset he
Accum Je

Three input instructions ORed together.

If any of the 3 input instructions are
true the output will be energized

15

" JEE
Logic Functions (cont'd)

m Example 3 — A combination of ANDing and ORing

T E
10

‘ B_Shot_Pin_Status

Shot pin up sensor Femote Pushbutton 0 Photoeye 4
|_Shot_Pin_Up I_RPB0 I_PE4
<Local3lDatal4].0>  <Pushbutton_RediFANELI.Data[0].0> <Local 3l Datal0].4> B_Shot_Pin_Status
1 J1E 3 E
b JE 3/ E

16
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Logical Continuity

m Logical continuity in a ladder rung occurs when
there is a continuous path of TRUE conditions
from the left power rail to the output instruction(s)

m When there is logical continuity, the rung
becomes true and the output becomes energized

17

" J
Logical Continuity — Example 1
Rung False
Rung 0 T F T O
\:_. This input instruction is false
This input instruction is true
Rung False
Rung 1 = )
_/
Rung 2 Rung True ™. /\
ung
F T T . ..‘.\\J‘." o
T Left power rail Right power rail — 18

Ladder Logic Fundamentals 9
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Logical Continuity — Example 2

Virtual power flow (not actual current flow)

L.010/0 1:010/5 2
—] — 4 E

i N
Path of logical continuity ——
L.010/1 B3/10

] e =

L010/6 0:010/4 0:010/5

_ﬁ

C

TRUE conditions are highlighted in green
on the programming panels display

@ - PLC-5 Systems 19

g
Logical Continuity vs.
Electrical Continuity

m Electrical continuity in an input circuit, occurs when there
is a complete path for current to flow.

m A PLC input circuit is a simple series circuit consisting of a:
Power supply,
Switch, and a
Load

m When there is electrical continuity, a bit in the PLCs

memory (sometimes called the input image table) is set to
al.

20
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Electrical Continuity

Normally open (N.O.) pushbutton [shown pushed]

+24v COM
Input Module

Input

/ Circuitry

" JEE
Electrical Continuity

Power supply is implied

+24v

+ -
| | COM

Input Module

Input

/ Circuitry

gl '

Screw terminals

IR

Power rail Power rail

22
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Logical vs. Electrical Continuity

m Note: It's possible to have electrical continuity and not
have logical continuity (and vise versa).

Control Wiring Diagram: Ladder Program:

PBO - N.O. pushbutton
f (shown pushed) This instruction is false when
s, the pushbutton is pushed

|_PBO

/I (

No Logical Continuity

Electrical Continuity 23

/O Mapping

m Every discrete input is assigned to a specific bit
in the PLC’s memory (input image table)
If there is electrical continuity, the bitis settoa 1
If there is no electrical continuity, the bitis resetto a0

m Every discrete output is assigned to a specific bit
in the PLC’s memory (output image table)

In order for an output to turn on, its associated bit
must first be settoa 1

24

Ladder Logic Fundamentals
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PLC Data Table

l«—— 1word (16 bits) —— |

Input Input Image Table
module (only 1 word shown)
input, PB1 16 14 12 10 06 04 02 00
olofoJolofololololofololololol0
L 17 15 13 11?07 05 03 Ol
o o
1:XXX/10
Output Image Table
output, LT1 (onFIJy 1 wordgshown)
~__~
®
e AN
O:XXX/01 T 16 14 12 10 06 04 02y 00
olofofolofoToloToTolololoToTol0

Output Module

Note: Bit addresses

are given in octal
an Allen-Bradley
PLC-5 system

The bits are
numbered 0 — 17

for

17 15 13 11 07 05 03 01

@) > PLC5 systems

25

-
/O Mapping

{23 Program Fil
=-[_] Data Files

= prnscinse [P

EE

----- B cross Reference
..... [ oo - outpur

----- [ 74 - TMER

..... B 5 - counTER
----- [ re - conTROL
..... [ w7 - NTEGER
..... [ Fa-FLOAT

_ Output Image Table in
RSLogix 5 software

..... [ 1 -wpur
----- s2- STATN
B ~ Input Image Table

in RSLogix 5 software

@ - PLC-5 Systems

26
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/O Mapping

Output Image Table in RSLogix 5:

= =101x]
0005 |S a 16 blt Offzetc 17 16 15 1415312 1110 7 6 5 4 3 Z 1 0
. 0:000 o 00 O0OQo0o o0 00000 0o o000
Word address 0:001 ol 00000 01 001l 0000
0:002 o 00 O0OQo0o o0 00000 0o o000
0:003 o o0o0o0o0oo0o o011l 01 001 1 00
0:004 o 00 O0OQo0o o0 00000 0o o000
0:005 o o0 1 0000 0o 000000 LI
T 7 e
. . |0:005/7 | Radis: | Binary =
0:005/07 is th_e | S — i o6 =]
ad(_jress Of a blt Dese: [vacuum shioud downwards sobd3 ]
WhICh rESIdeS in Wj Properties | Usage | Forces | Help |
the word O:005

@ - PLC-5 Systems 27

" JEE
/O Mapping

Input Image Table in RSLogix 5:

1
1
o
o
1

[rooz/13 | Radiz: | Binary 4|

Symbol: | | Lalurirs: I B l
Desc: [ram upwards |
I = i
bl = Froperties Usage | Forces | Help |

1 word = 16 bits (bits are
numbered in octal for a PLC-5)

@ - PLC-5 Systems 28
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/O Mapping

ControlLogix tag database:

# Controller Tags - Template{controller)

Scope: I ﬂ Template VI Shaw... | Show Al
Name Walue® | Style Data Type | Description Alias For
|_FBO 0 |Decimal BOOL Start Localg:|.Data0
I_PE1 1 |Decimal BOOL Stop Laocal:B:l.Data 1
|_FPBZ_nc 1 |Decimal BOOL Puzhbutton 2 (M.C.] LocalB:|.Data.3
I_PB2_no 0| Decirmal BOOL Pushbutton 2 (M.0.] Local:B:| Data 2
I_PE1 0| Decimal EBOOL Photoeye 1 Local:3:1.0nata[0].1
- |_PE2 0| Decimal BOOL Photoeye 2 Local:3:1.Dataf0].2
Alias tag Current tag Base address
(a pointer to a base address) value (real address)

@ -> ControlLogix Systems

29

" J
Mastering Examine On &
Examine Off Instructions

m Discrete input devices have normally
open (N.O.) and/or normally closed (N.C.)
contacts.

Example: Pushbuttons can be purchased with
either N.O. or N.C. mechanical contacts.

“Normally” implies the state of the contacts
when you are NOT pushing the button.

30

Ladder Logic Fundamentals
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Mastering Examine On &
Examine Off Instructions

m Normally open (N.O.) vs. normally closed (N.C.)

contacts:
Contact Resistance between Resistance between
Type: |contacts when NOT pushed:| contacts when pushed:
N.O. Infinite ohms Zero ohms
N.C. Zero ohms Infinite ohms

31

" JEE
Mastering Examine On & Examine Off
Instructions

m PLC programs have both normally open and
normally closed input instructions.

Start PR Stop FB
L.030 L.030 B30
JE o4-E 2
i 4 0
B30 . . _
Normally closed input instruction
B30 0030
JE oy
L
0 4
. . . 0:031
Normally open input instruction g
4

Ladder Logic Fundamentals
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Mastering Examine On & Examine Off
Instructions

m The Examine On Instruction

1:007/0  This input instruction examines the specified

} E bit for a logic 1. If the bit is a 1, the instruction
is true, otherwise the instruction is false.

This is generally known as a
normally open input instruction.

33

Mastering Examine On & Examine Off
Instructions

m The Examine On Instruction

This is the address assigned
/to the instruction (1:007/00).
I.007/0

% P Note: This instruction must be

assigned a bit address, not a

word address.
This is the instruction

@ - PLC-5 Systems

34
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Mastering Examine On & Examine
Off Instructions

m The Examine Off Instruction

[:006/5  This input instruction examines the specified

bit for a logic 0. If the bit is a 0, the instruction is
true, otherwise the instruction is false.

This is generally known as a
normally closed input instruction.

35

" S
Mastering Examine On & Examine
Off Instructions

m Examine On instructions are also called:
XIC, eXamine If Closed

m Examine Off instructions are also called:
XIO, eXamine If Open

Note: The terms Examine on, Examine off, Examine if
closed (XIC), and Examine if open (XIO) are unique to
Allen-Bradley PLCs.

36
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Mastering Examine On & Examine
Off Instructions
m Examine On and Examine Off Instructions

that are True are highlighted green in the
PLC programming software:

[:006/5 1:006/0
=& —F—
True False

37

" S
Mastering Examine On & Examine
Off Instructions

m A program can Examine On (or Examine Off) real

inputs, real outputs, internal storage bits, timer
done bits, etc.

ool B30 0:003
— — -
2
Examine ON Examine OFF an Examine ON
a real input internal storage bit a real output

38

Ladder Logic Fundamentals 19
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Mastering Examine On & Examine Off Instructions

m Input and output field devices are wired to PLC discrete

Input/Output (I/0) modules. How the system functions
depends on the program!

—| FAN

(/ (N.O))
Stop
L ol

Inputs

Outputs

+24 VDC 120 VAC
Start
Two pushbuttons
wired to two PLC
inputs O o— P I—C

(N.C.)

Afan is wired to
a PLC output

(Continued on next slide ...)

39

Mastering Examine On & Examine Off Instructions

How the system functions depends on the program:

The inputs could be programmed as two inputs ANDed together:

START STOP FAN
1:000/0 1:000/1 0:000/3
1 C o [ ™
i R e

| R

Or, the inputs could be programmed as two inputs ORed together:

START FAN
L.000/0 O:000/5

1 E o

J I Ry

In either case, the wiring is the same!

STOP The PLC program logically connects the input
I:QOC'lil devices to the output actuators through the PLC

== program! 40

Ladder Logic Fundamentals

1/14/2008

20



MET 382

" JE
Mastering Examine On & Examine Off Instructions

Input field devices
wired to the PLC

The PLC Data Table

Instructions in the
PLC program

Electrical Continuity

Input Image Table Bit

-

+24v  Start e
(N.O))
O_

Current flows if button is
pressed

+24v

Start
(N.C)

Current flows if button is
NOT pressed

-
S -
~ ”
Sa -

Oorl |~

The bit representing the push
button is:

ON (setto al) if there is
electrical continuity

OFF (reset to a 0) if there is
NO electrical continuity

Logical Continuity

T~

S

M. START
4 T000/0

_____3 E_____

True ifthe bitisa 1

START
L:000/0

+

True if the bitisa 0

41

" JE
Mastering Examine On & Examine Off Instructions

Output field devices
wired to the PLC

The PLC Data Table

Instructions in the
PLC program

Electrical Continuity

Output Image Table Bit

120 VAC ,

’
»

— | FAN |

Output turns on when the
bit in the output image
table is a 1 (voltage is
applied across the output
terminals and current flows
in the output circuit)

-~ o ’f—
~ -
N -~

Oorl

The bit representing the fan
output is:

ON (setto a 1) if there is
logical continuity

OFF (reset to a 0) if there is
NO logical continuity

Logical Continuity

SN FaN
0:000/5

The output image table
bit is set to a 1 when the
rung is true or is reset to
a 0 when the rung is
false

42

Ladder Logic Fundamentals

1/14/2008

21



MET 382

" JEE
The Scanning Process

m Scan refers to the continuous and
sequential process of:

Reading the PLC inputs

Executing the ladder program (rung-by-rung)
Updating the PLC outputs

43

" J
The Scanning Process

m The scan sequence can be broken into
two functional parts:

The Program Scan
= Scan the ladder program

The I/O Update Scan
= Write outputs, Read inputs

44

Ladder Logic Fundamentals
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The Scanning Process

m The Program Scan:

For each rung executed, the PLC processor will:
m Examine the status of the input image table bits,

m Solve the ladder logic in order to determine logical
continuity (is the rung true?),

m Update the appropriate output image table bits, if
necessary.

Note: The output will not actually be energized until
the I/O update part of the scan.

45

" J
The Scanning Process

m The I/O Update Scan:

Copy the output image table status to the ALL of
the output terminals (discrete output circuits)

= Power is applied to the output device if it's output
image table bit has been previously setto a 1.

Copy the status of ALL of the input terminals to
the input image table

= If an input is active (i.e., there is electrical continuity),
the corresponding bit in the input image table will be
settoal.

46

Ladder Logic Fundamentals
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The Scanning Process

Read inputs Allinput Input Image
P Terminals ‘ Table

______ »
°
/ ®
! o
Solve the ladder program — | ¢ )—
(update output image table as : ,",
necessary) o /
. [END}—
\\‘

Update outputs All output Output Image
P P Terminals - Table

| 47

" JEE
The Scanning Process  (fig—%

m In a ladder program, a specific output address (e.g.,
0:013/02) should NOT be referenced on more than one
rung!

This is sometimes called “duplicate coils”

Using duplicate coils will cause unpredictable operation and should
be avoided

When using duplicate coils “the last rung wins”

See example on next slide

® Continued on next slide ... a5

Ladder Logic Fundamentals 24
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Duplicate Colil Example

Problem: Rungs 11 and 19 both reference the same output address:

Fhotoeye 3 Fhotoeye 4 Product Stop 2
I_PE3 I_FE4 O_Fs2
B_System_On  <Local3:1.Data[1].0> <Local:3:l.Data[0].4> <Local:3:0.Data[3].2>
1 | JF 1F 9/E ‘
@) \ Praduct Stop 2

@) 0_P32

C_Clamp_Cycles.DN <Local:3:0.Data[3].2>
19 | 3 E |

Solution: Edit the ladder program as follows:

FPhotoeye 3 Fhotoeye 4 Product Stop 2
I_PE3 I_PE4 0_Ps2
B_System_On  <Local:31Deata[1].0> <Local:3:1Data[0].4> <Local:3:0.Data[3].2>
1 E JLC 3/ E

n ‘ 1 E 3t =/ E

C_Clamp_Cycles DN
JE
4 C

Problem corrected, this output is only used once in the entire program 49

" J
The Scanning Process

m The actual scan time is a function of:
The speed of the processor module

The length of the ladder program
The type of instructions executed

The actual ladder true/false conditions (e.g.,
jump instructions, subroutines, etc.)

50

Ladder Logic Fundamentals
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memory

executed
software (e.g., RSLogix 5)

the PLC program

The maximum scan time
The last scan time

m Typical scan time data includes:

The Scanning Process

m The actual scan time is calculated and stored in the PLCs

52 —- STATUS

Scan time data can be monitored via the PLC programming

The PLC computes the scan time each time the END instruction is

Scan time data is addressable and can therefore be referenced in

First Pass 5:1415 =

Index Register 5:24 =

10 Statuz 5:16 =

WME Status File 5:15 =

10 Adapter Image 5:25 =

Processor Checksum 5:57 =
Checksum Computed 5:1413 =

™ hiax Overal Scan Time [ms] 5:9 =

-

ly- Last Overal Scan Time [ms] 5:8 =

No

Ny

45841k

Yz

MCP I Scan Timesl Math | Switchesl Erars |

modes of operation:

Run Mode

Program Mode

the outputs are turned off

Test Mode

The Scanning Process

m Allen-Bradley PLCs generally have 3

'H' RSLogix 5 - PHASEL.RSP

File Edit Wiew Search Co

[DSE & * 8

[REMOTE RUN [#]

Mo Force

Go Offline
Download...

'| Upload...

‘ Tesk [\!\

m When placed in the RUN mode, the processor begins
the scanning process as previously described

= When placed in the PROGRAM mode, the processor
stops scanning the ladder program and (typically) all

m The TEST mode is identical to the RUN mode, except
all outputs are disabled (held in their off state)

Forces D

Ladder Logic Fundamentals
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The Scanning Process

m Most Allen-Bradley processors (controllers) have
a 3-position keyswitch:

REM (Remote)

= In the remote mode, the PLC programming software (e.g.,
RSLogix5000) can be used to place the controller into the
remote program mode or the remote run mode.

RUN

= When keyswitch is placed in the RUN mode, the controller
is switched into the run mode. The PLC programming
software cannot change the controllers mode.

PROG (Program)

= When keyswitch is placed in the PROG mode, the
controller is switched into the program mode. The PLC
programming software cannot change the controllers
mode.

53
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