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PLC Architecture
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The structure of a PLC is based on the same
principles as those employed in computer
architecture.
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Processor Memory Organization

The memory of a PLC is organized by types.

The memory space can be divided into two broad
categories:

program and data memory.

Advanced ladder logic functions allow controllers to
perform calculations, make decisions and do other
complex tasks. Timers and counters are examples of
ladder logic functions. They are more complex than
basic inputs contacts and output coils and rely
heavily upon data stored in the memory of the PLC.
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Memory Map

A memory map can be used to show how memory is
organized in a PLC.

§ Input/output locations
§ Internal relay and
Data table } timer/counter locations

The user program causes
User program the controller to operate
In a particular manner

Used to carry out
functions needed to make

the processor operate
(no access by user)

Housekeeping memor
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Program Files

i
1

The user program will
Program| account for most of the
files memory of a PLC system.

v

System functions * Program files contain
the logic controlling
machine operation.

Reserved

User program

3-255 | Subroutine programs ° This |0_9|C consists of
Instructions that are

. — programmed in a
Program file organization ladder logic f
for SLC-500 controller. adaer logic rormat.
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Data Files

Data file organization
for SLC-500 controller.

v

Outp‘ut image

Input image

Status The data file portion of memory
Bit stores input and output status,
e processor status, the status of
various bits and numerical data.

Counter
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Data Files
Data files are organized by the type of data they contain

=% Output Table

11413121110 3 8 7 B 5 4 3 2

0.0/
0:1/
02/
0.3/
04/
05/

Radi: IElinar_l,l _. Forces

Address | 11: Input
527 Status
B3 Binary
T4: Timer
CH: Counter
RE&: Contral
MY Integer
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Input Table File Operation

Input module

Switch Open

o

Binary O stored

Data table
files
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Input Table File Operation

Input module

Processor continually
reads current input
status and updates
Input image table file

Switch Closed

o

QOIICIROINEO

Binary 1 stored

Data table
files
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Output Table File Operation

Output module

Processor continually
activates or deactivates

output status according
to output image table
file status

0

[elolelo @[GIQIJ

Status 0

Output image P
Fd

Data table
files
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Output Table File Operation
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Program Scan

During each operating cycle, the processor reads all
Inputs, takes these values, and energizes or de-energizes
the outputs according to the user program. This

process is known as a scan.

/O scan —records status data of input

/ devices. Energizes output devices that

have their associated status bits set to
ON (1)

Program scan — instructions are
executed sequentially

Because the inputs can change at any time, the PLC must
carry on this process continuously.
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Scan Process

The scan time indicates how fast the controller can react
to changes in inputs. Scan times vary with computer
model and program content, and length. If a controller
has to react to an input signal that changes states twice
during the scan time, it is is possible that the PLC will
never be able to detect this change.

Scan time may be a concern
In high speed operations
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Scan Process

Read inputs

The scan Is a
a continuous
and sequential

process

Adjusts
outputs
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Data Flow Overview

Input I t Output

data npu data
Input | image C_)UtpUt » Output
modules tablefile lhete s modules
tablciflle

Examine data Return results

l Program
— /3 E
H_J

Check/compare/examine
specific conditions

Take some
action
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Scan Process

Output
Input device

device E— 6 ﬂ )

When the input is
closed, the input
module senses a
voltage and an ON

condition (1) is During the program scan the
fentered Into _the processor sets instructions
Input table bit 1:3/6  |.3/6 and 0:4/7 to ON (1)

The processor turns
light output O:4/7
ON during the next
/O scan
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Scan Patterns

Horizontal Scanning
Order

The processor examines
Input and output
Instructions from the
first command, top left
In the program,
horizontally, rung by
rung.

End of ladder

In addition to the program itself, the scan time is also dependent on
the clock frequency of the processor!
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Scan Patterns

Vertical Scanning |_ 1

Order 1 ~
The processor examines 1
input and output __l I__I I__(
first command, vertically, l
column by column and
page by page. Pages are
executed in sequence. l

instructions from the
End of ladder

Misunderstanding the way the PLC scans can cause programming
bugs!
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PLC Programming Languages

The term PLC programming language refers to the method
by which the user communicates information to the PLC.

O

The three most common
language structures are:

ladder diagram language, Ladder diagram language
Boolean language, and START  PBI

functional chart. AND CRI
OR LS1
AND NOT CR2

ouT SOL

Boolean equation: Y = [(AB) +C] D Functional
chart
Boolean language
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Comparing Programming Language

PBl (Rr1

PBl CR1
| | | |

¢ 0 O HI

CR2 SOL
0_4 Relay Schematic

CR2 SOL

START
AND
OR
AND NOT
ouT

PB1
CR1
LS1
CR2
SOL

1f—( »— Equivalent ladder

diagram language

Equivalent Boolean language

Boolean equation: Y = [(AB) +C] D
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Relay-Type Instructions

The ladder diagram language is basically a
symbolic set of instructions used to create the
controller program.

These ladder instructions symbols are
arranged to obtain the desired control logic.

H /O]
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Examine If Closed (XIC) Instruction

Symbol Analogous to the normally open relay
contact. For this instruction we ask

_:I P the processor to EXAMINE IF (the
contact is) CLOSED (XIC)
Typically represents any input. Can be a switch

or pushbutton, a contact from a connected output,
or a contact from an internal output.

Has a bit-level address which is examined for an
ON condition.

The status bit will be either 1 (ON) or 0 (OFF).
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Examine If Closed (XIC) Instruction

1716 15 14 13 12 11 10 07 06 05 04 03 02 01 00

[TITTTTTTITILITIT] tow

:012

— —

04
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Examine If Closed (XIC) Instruction

1716 15 14 13 12 11 10 07 06 05 04 03 02 01 00

HEEEEEEEEENIIEEEE
:012

— —
04

If the status bit is O (OFF), then the instruction
Is FALSE.
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Examine If Closed (XIC) Instruction

17 16 15 14 13 12 11 10 07 06 05 04 03 02 01 00
:012

:012

—3 f—

04

If the status bit is 1 (ON), then the instruction is TRUE.
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Examine If Open (XIO) Instruction

Symbol Analogous to the normally closed
relay contact. For this instruction we

\/‘ ask the processor to EXAMINE IF (the
contact is) OPEN (XI0O).

Typically represents any input. Can be a switch or
pushbutton, a contact from a connected output,
or a contact from an internal output.

Has a bit-level address which is examined for an OFF
condition.

The status bit will be either 1 (ON) or 0 (OFF).
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Examine If Open (XIO) Instruction

17 16 15 14 13 12 11 10 07 06 05 04 03 02 01 00

If the status bit is O (OFF), then the instruction is TRUE.
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Examine If Open (XIO) Instruction

17 16 15 14 13 12 11 10 07 06 05 04 03 02 01 00

HEEEEEEEEEEENTEEEE

If the status bit is 1 (ON), then the instruction is FALSE.
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Output Energize (OTE) Instruction

Analogous to the relay coil. The
Symbol processor makes this instruction true

(analogous to energizing a coil) when
_< >— there is path of true XIC and XIO
Instructions in the rung.
Typically represents any output that is controlled by

some combination of input logic. Can be a connected
device or an internal output (internal relay).

If any left-to-right path of input conditions is TRUE,
the output is energized (turned ON).
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Output Energize (OTE) Instruction

17 16 15 14 13 12 11 10 07 06 05 04 03 02 01 00
0:013

1716 15 14 13 12 11 10 07 06 05 04 03 02 01 00

1:012 0:013

Hmz&—ﬂ E—-<>—|

OUTPUT ENERGIZE instruction - TRUE
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Output Energize (OTE) Instruction
17 16 15 14 13 12 11 10 07 06 05 04 03 02 01 00

I VI T T T TP VT Odd Jof ]oo13

1716 15 14 13 12 11 10 07 06 05 04 03 02 01 00

| :012 :012 0:013 |
11 15 01

OUTPUT ENERGIZE instruction - FALSE
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Status Bit Examples

A Input module Bit status

-

Button not actuated

A Output

False

Output

 —a=( 01

True
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Status Bit Examples

A Input module Bit status

Button actuated

A Output

/[—(

False
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Ladder Rung

Output
instruction

Input conditions
D

A ladder rung consists of a set of input conditions,
represented by contact instructions, and an output
instruction at the end of the rung, represented by the
coil symbol.

Lecture — PLC Programming Basics MME 486 — Fall 2006 35 of 62



Ladder Rung

Output
instruction

Input conditions
D

For an output to be activated or energized, at least one
left-to-right path of contacts most be closed. A complete
path is referred to as having logic continuity. When logic
exists the rung condition is said to be TRUE.
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Rung Continuity

Bit in memory Bit in memory

The Examine If Closed instruction is TRUE
making the rung TRUE
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Rung Continuity

Bit in memory Bit in memory

o] [°]
\ X

— —

The Examine If Closed instruction iIs FALSE
making the rung False
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Allen-Bradley SLC-500 Controller Addressing  address

4 output
BBl  terminal
00:4/6

Output image table
file O

010/010/010]01010

Bit address

Address |BHH

input
te?minal Input image table Energized
11:3/12 3 file 1 output
olofoJo]o]o]o]o]0
A 1312

Bit address

Closed input

' 11:3

User-programmed rung |-ﬂ E
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Structure of A 16-Bit Word

Bit OFF ON

Word | 1
(16 bits) |

1514 13121110 9 8 7 6 5 4 3 2 1 O

/O Connection Diagram
L2 L1

OL 1
0:21>—\,
L1
/

0:3/6—R)
e N
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Parallel Input Branch Instructions

C Branch instructions are used
| ( to create parallel paths of

Input condition instructions.
If at least one of these parallel
|| branches forms atrue logic
B path, the logic is enabled.

Add A Branch
Click this icon on the instruction toolbar

to place a branch in your ladder logic.
I-I:I-l If your cursor is on an instruction,
the branch is placed immediately

to the right of the instruction.
If your cursor is on the rung number,
the branch is placed on the rung.
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Parallel Output Branching
A C

D

E

On most PLC models, branches can be established at
both the input and output portion of the rung.

With output branching, you can program parallel outputs

on arung to allow a true logic path to control multiple
outputs.
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Nested Input and Output Branches

0 The

Input and output branches can be nested to avoid
redundant instructions and to speed up the processor

scan time.

A nested branch starts or ends within another branch.
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Nested Contact Program

C Y
|—| )—‘ On some PLC models,
the programming of a
N nested branch circuit
ested

contact  cannot be done directly.

Reprogrammed to
obtain the required
Contact logic.
Instruction
C repeated
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PLC Matrix Limitation Diagram

Max series ,
contacts

{

et b e i
_l_ H HH HHEH T \
H H HH HHHH R

Max parallel No. outputs
lines A EHR per rung and

I HHHHHHHHHHH location of the

output in the rung
A H HtHH H A H R
~— HE

There may be limitations to the number of series contacts
Instructions, number of parallel lines, and the number of outputs and

their location on the rung.

Lecture — PLC Programming Basics ~ MME 486 — Fall 2006 45 of 62



Programming of Vertical Contacts

Y

( Original program

\)_I o prog
—

Y =(AD) + (BCD) + (BE) + (ACE)

Y

O

Reprogrammed to obtain the
required logic
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Programming for Different Scan Patterns

G Y.
_—ﬁ_—ﬁ_l CD_I Original program

1
_|FI | Y =(ABC) + (ADE) + (FE) + (FDBC)

A B C Y,
- H (O
D E
— H Reprogrammed to obtain the
required logic

D B C

HHHT-
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Internal Control Relay

The internal output operates just as any other output
that is controlled by programmed logic; however, the
output is used strictly for internal purposes.

The internal output does not directly control an
output device.

The advantage of using internal outputs is that there
are many situations where an output instruction is
required in a program, but no physical connection to
a field device is needed. Their use in this type of
Instance can minimize output card requirements.
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Extending the Number of Series Contacts Using
an Internal Control Relay

Internal
relay coil

HHHHHHF(

I—IHI—II—||—||—<

|ntema| Discrete output (requires
relay one physical connection
contact on the output module)
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Programming The XIC Instruction

PB1 . . .
Hardwired Circuit

User program

I_] [_] H)—l providing the

same results

Note that both pushbuttons are represented by the XIC symbol. This
IS because the normal state of an input (NO or NC) does not matter!
What does matter is that if contacts need to close to energize the
output, then the XIC instruction is used. Since both PB1 and PB2
must close to energize the PL, the XIC instruction is used for both.
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Programming The XIO Instruction
PB1

User program providing

the same results
Hardwired Circuit

When the pushbutton is open in the hardwired circuit, relay coil CR is de-
energized and contacts CR1 close to switch the PL on. When the
pushbutton is closed, relay coil CR is energized and contacts CR1 open
to switch the PL off. The pushbutton is represented in the user program
by an XIO instruction. This is because the rung must be true when the
external pushbutton is open, and false when the pushbutton is closed.
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Operation of The XIC and XIO Instructions

Summary of status conditions

The status of the instruction is:

OTE
If the data

table bit is:
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Operation of The XIC and XIO Instructions

State of the output as determined by the changing
state of the inputs in the rung

Inputs

XIC

t, (initial) False

True
True

False

Input instructions

Lecture — PLC Programming Basics

XI1O

True

True Goes true

False Goes false

False Remains false

Output instruction

MME 486 — Fall 2006

Bit status
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Entering the Ladder Diagram

A personal computer is most often used to enter the
ladder diagram.

The computer is adapted
to the particular PLC
model using the relevant

programmable controller
software.
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RSLogix Main Screen

Different screens, toolbars and windows dialog boxes are
used to navigate through the Windows environment

RSLogix500 - 1c500dmo.ach
File Edit View Search Comms Tools Window Help

D|S|R| & %|&|@ <] o w5 e ala)
o S L [ = |o]aese]|o|o|w o] 0

No Edits 4] [Forces Disabled [& =
Driver. KTX_DH+-1 [ T\vser {6 Tmerkounter { npaoupd X Compare )

This is a sample Rung Description.
Rung Descriptions can be up to 64K bytes per rung, with up to 20 lines displayed.
The first rung deseription may be used to explain the program or give
useful information. For example, press 'Al-E' for Maintenance Information.

¥ Fist Start Up
=] Program Files fro Toggle Switch 1 Che ok with
SYS0- on 1O Sim Mod.
SYS1-
B LAD 2 - MAIN_LADDR
B LAD 3-PID_SUB_RT
B LAD 4-SUB_RT_2

Toggle bit
B Lap5-suB_RT_3 il 151

B LaD6-SUB_RT_4 . TOGGLE_TIMER
B30
10

=3 Data Files
Run Diagnostic

Chedk

—TON ——————

Goto DataT able - B3/0 | f
Toggle Bit [2:0000 APP [HEAD

(]
8

BB DN

Ego—«mw:

J0\BO0OOo0oooo
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Bit Instructions Tool Bar

To place an instruction on arung, click its icon
on the toolbar and simply drag the instruction

straight off the toolbar onto the rung of the
ladder.

3 <>—

Lecture — PLC Programming Basics ~ MME 486 — Fall 2006 56 of 62



Select Processor Type Screen

The programming software needs to know what
processor is being used in conjunction with the program.

Select Processor Type E3|

Processor Name: 1747-L40E oK

Bul 1761 Micrologixl000 DH-485/HDSlave o]  Cancel
Bul.1761 Micrologi=xl000 Y . |
1747-L404 24-115 VAC In, 16-RLY Out Help Oou sImply
1747- IdﬂB 24-115 VAC In, 16-TRIAC Out

747 — 1IC 2 : lb FI.:I. I“.lf SCrOIl dOWn

1747 - LAOE M the list until

1747-L40P ._-*1-"'3I] VAL. In, 1b TF‘IHF flut you f|nd the
1747-1304A 18-115 VAC In —RLY Out
1747-130B 18+115 VaC In. 12—TF:I£1C' Out processor you
1747-L30C 18-DC SNK In. 12-RLY Out .
1747-130D 18-DC SNK In., 12-TRIAC Out are using and
1747-130L 18-DC SRC In. 12-TRANS SNK Out :
1747-130P  18-230 VAC In. 12-TRIAC Out hd| select it.

Communication settings
Diriver Processor Node: Reply Timeout:

_:] | Octal (<1 Who Active.. l [Sec.)

Decimall
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/O Configuration Screen

" 1/D Configuration !IE[E The I/O screen
—Racks Auto [Online] Canfig — Current Cardz Avwvailable

1174647 7SlotRack 7] ——— Fier [ai -] lets you click or

2 |1/D Rack Not Installed Description drag -and-drop a
Bead |0 Config.

3 IIHEI Fack Nntlnstalrﬁl j 'IEIE ol Iu mOdUIe frOm an

1746132 Ay 32pt Dizcrete [npu . . .
1746-0+8 Anp Bpt Digcrete Outpy a-” InCIUSIVe ||St to

1746-0716 A 16pt Dizcrete Outg = =

#l Part # | Dezcription 1746-0732 Anp 32pt Dizcrete Qutp— assl g ni t to as I Ot
1747-Lhdd, 5/04 CPU - 20K kem. 05400 AN Cl-153, AMCI Seriez 1500 Res .
1746-0B16 16-Output [TRAMNS-SRC] 1050 VDT A C1-1561 AWML Seres 1561 Res N yO ur
1746-0B16 16-Output [TRAMS-SRC] 10450 0C 1746-B45-5/01 BASIC Module - 500 - £ . .
17461816 16-nput [SINK) 24 VDC 1746-BAS5/02 BASIC Module - MO/M configuration.
1746-E1E 16-Input [SIMNK] 24 WDIC 1747-DCM-1/4 Mode Adapter kModule
1747-0CM-142  Mode Adapter Module
1747-0CM-3/4  Mode Adapter Module
1747-DCM-FULLMode Adapter Maodule
1747-D5M-F  Digtributed [/0 Scanne
1747-D5M-20 Digtributed [/0 Scanne
1746-FIO4 Fazt Analog 2 Ch lnd2
1746-FIO 40 Fazt Analog 2 Ch k2
1746-HS Single Awiz kMohon Con
1746-H5CE High Speed Counter k|
ddv Config H Hide All Cards | 4] | r
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Data File Screen

Data file screens
1 9 8 contain data that

IS used In

conjunction with

ladder program

Instructions. These

Include:

Input

Output

Timer

Counter

Help | Integer

Bit

R adix: I Binary

EolmeE e =
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Monitoring a Ladder Logic Program

Operation of the logic is apparent from the highlighting
of rungs of the various instructions on screen, which
Identifies the logic state in real time and has logic
continuity.

-

Highlighted rungs indicate the instruction is true

\/
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Modes of Operation

A processor has basically two modes of operation:
the program mode or some variation of the run mode.

Program Mode — may be used to

@ enter a new program

@ edit or update an existing program
@ upload files

@ download files

@ document programs

@ change software configurations

When the PLC is switched into the
program mode, all outputs from the PLC
are forced off regardless of their rung
logic status, and the ladder 1/O scan
sequence is halted.
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Variations of the Run Mode

Run Mode —is used to execute the

user program. Input devices are monitored
and output devices are energized
accordingly.

Test Mode —is used to operate, or monitor,
the user program without energizing any
outputs.

Remote Mode — allows the PLC to be
remotely changed between program and run
mode by a personnel computer connected
to the PLC processor.
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