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4.1: INTRODUCTION

A programmable logic controller (PLC) is a special form of
microprocessor- based controller that uses a programmable memory to store
instructions and to implement functions such as logic, sequencing, timing, counting
and arithmetic in order to control machines and processes and are designed to be
operated by engineers with perhaps a limited knowledge of computers and
computing languages. They are not designed so that only computer programmers
can set up or change the programs. Thus, the designers of the PLC have pre-
programmed it so that the control program can be entered using a su%ple rather
mtumve form of Ianguage The term Ioglc IS used because programmlng IS

control rules for which it has been programmed. g

Program

Inputs Outputs
PLC »

1. Rugged and designed to withstand vibrations, temperature, humidity and
noise.

2. Have interfacing for inputs and outputs already inside the controller.

3. Are easily programmed and have an easily understood programming
language which is primarily concerned with logic and switching operations.

The first PLC was developed in 1969. They are now widely used and extend
from small self-contained units for use with perhaps 20 digital inputs/outputs to
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modular systems which can be used for large numbers of inputs/outputs, handle
digital or analogue inputs/outputs, and also carry out proportional-integral-
derivative control modes.

4.2: COMPONENTS OF PLC

Typically a PLC system has the basic functional components of processor unit,
memory, power supply unit, input/output interface section, communications
interface and the programming device.

Programming].

device “M& | Program & data Communications > _
memory interface — W
F1 1
Input L Output
o inter- Processor inter- II
—p| face < face >

T— Power supply J

Figure: A Typlc,al &.C System

1. The Processor Unit .

The processor unit or centrél .;.processmg unit (CPU) is the unit

containing the microprocessor., ‘and~this interprets the input signals and

carries out the control actiens, “according to the program stored in its
memory, communlcatlng lons as action signals to the outputs.

2. Power Supply Unlt \\\\\ %

i,

the low d.c. vaftage’"‘(ﬁ....\/) necessary for the processor and the cwcmts in the
input and outpﬁ% mt “““ ﬁce modules.

4 The memory unit is where the program is stored that is to be used for
the control actions to be exercised by the microprocessor and data stored
from the input for processing and for the output for outputting.
5. The Input and Output Sections
The input and output sections are where the processor receives
information from external devices and communicates information to external
devices. The inputs might thus be from switches or other sensors, etc. The
outputs might be to motor starter coils, solenoid valves, etc. Input and output
devices can be classified as giving signals which are discrete, digital or
analogue. Devices giving discrete or digital signals are ones where the
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signals are either off or on. Thus a switch is a device giving a discrete signal,
either no voltage or a voltage. Digital devices can be considered to be
essentially discrete devices which give a sequence of on—off signals.
Analogue devices give signals whose size is proportional to the size of the
variable being monitored.

i

(a) Time (&) Time .

Voltage
Yoltags

(c) Time
Figure: Signals, a) Discrete b) Digital
6. The Communications Interface

communication networks from or to other remote Pl%C‘S. is concerned with
such actions as device verification, datas sition, synchronisation

between user applications and connection m@aent.

Supervisory
system
Communications
| | network
PLC 1 PLC 2
Machine/ Machine/
“““ plant plant

|gL§e Basic Communications Module

4.3: THE DIFFERENT LANGUAGES OF PLC

Programs for microprocessor-based systems have to be loaded into them in
machine code, this being a sequence of binary code numbers to represent the
program instructions. However, assembly language based on the use of mnemonics
can be used, e.g. LD is used to indicate the operation required to load the data that
follows the LD, and a computer program called an assembler is used to translate
the mnemonics into machine code. Programming can be made even easier by the
use of the so-called high level languages, e.g. C, BASIC, PASCAL, FORTRAN,
COBOL. However, the use of these methods to write programs requires some skill
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in programming and PLCs are intended to be used by engineers without any great
knowledge of programming. As a consequence, ladderprogramming was
developed. This is a means of writing programs which can then be converted into
machine code by some software for use by the PLC microprocessor.

The IEC (International Electrotechnical Commission) 1131-3 programming

languages are:
1) Ladder Diagrams

A very commonly used method of programming PLCs is based on the
use of ladder diagrams. Writing a program is then equivalent to drawing a
switching circuit. The ladder diagram consists of two ve%ttcal lines
representing the power rails. Circuits are connected as horizontal Imes e
the rungs of the ladder, between these two vertlcals : )

A ladder diagram is read from left to right and”
showing the scanning motion employed by the F
to right. Then the second rung down is read fro

Power flow
Left power rail —> Right power rail
— Rung |
Rung2
Rung3
> Rung4
| | END | | Erd rung

...... | I—I |
"% . Figure: Scanning The Ladder Diagram

”‘Ehen‘ thg PLC s in its run mode, it goes through the entire ladder program

Each rung must start with an input or inputs and must end with at least one output.

® FElectrical devices are shown in their normal condition.

A particular device can appear in more than one rung of a ladder. The same letters
and/or numbers are used to label the device in each situation.

The inputs and outputs are all identified by their addresses, the notation used
depending on the PLC manufacturer.

2) Function Block Diagrams(FBD)
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The term function block diagram (FBD) is used for PLC programs
described in terms of graphical blocks. It is described as being a graphical
language for depicting signal and data flows through blocks, these being
reusable software elements. A function block is a program instruction unit
which, when executed, yields one or more output values. Thus a block is
represented in the manner shown in Figure (a) below with the function name
written in the box.

— . Output
Inputs ] Function | _

Figure (a): Functional Block
The IEC 113-3 standard for drawing such blocks is shaw

Semi-graphic form Full graphic form 5
Honzontal and vertical ines @ ———-—————
I
I
I
I
I
Interconnection of horizontal -4 -—-- R
and vertical signal flows |
I
I I
Crossing horizontal and | |
vertical signal flows —_———— - —=|=- _ — | —
| | |
+--++
Blocks with connections - == : :— - -
1 1
-—— P
+--+
Connectors - — = > AV_WEIGHT: —> AV WEIGHT?
» AV_WEIGHT: - - — > AV _WEIGHT ——>

programs which consist of a serles of instructions, each instruction being

on a new line. An instruction consists of an operator followed by one of
more operands, i.e. the subjects of the operator. Each instruction may either
use or change the value stored in a memory register. The codes used differ to
some extent from manufacturer to manufacturer, though a standard IEC
1131-3 has been proposed and is being widely adopted. Table 6.1 shows
some of the codes used by manufacturers, and the proposed standard.

As an illustration of the use of IEC 113-1 operators, consider the
following:

LD A
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LD A is thus the instruction to load the A into the memory register. It
can then later be called on for further operations. The next line of the
program has the Boolean operation AND performed with A and B. The last
line has the result stored in Q, i.e. outputted to Q.

Sequential Function Charts(SFC)

The term sequential function chart (SFC) is used for a pictorial
representation of a system’s operation to show the sequence of the events
involved in its operation. SFC charts have the following element%

e The operatlon is described by a number of separate sequentially connested states or

4)

transmon Two transitions can never directly follow from one.to nother they must

always be separated by astep. . gty %
Start
J IN1 ouT1 Step 0
IN 1 g \ When IN 1 occurs, then
'\_ J step 0 is realised and
Step0 |—1 QUT1 OUT 1 occurs
+ IN2 Step 1
OUT1 IN2 QUT3
- When step 1 has been
Step1 (— OUT2 4‘ H }7‘ \— realised, i.e. OUT 1, and
~ the transfer condition
4+ IN3 IN 2, then step 11is
END realised and OUT 2
End | occurs

Figure: SEC and equivalent ladder diagram
condl‘f‘ ions to the next state are realised then the next state or step
CCUTS.
ontinues from one state to the next until thecomplete machine

e  When the transJ ‘-
in the program

. The process. hus.

cycle is compl ted.

detions at any state are represented by horizontally linked boxes and occur

ate has been realized.

" Structured text is a programming language that strongly resembles the
programming language PASCAL. Programs are written as a series of
statements separated by semicolons. The statements use predefined
statements and subroutines to change variables, these being defined values,
internally stored values or inputs and outputs.
For Example:

Light := SwitchA,

Is used to indicate that a light is to have its ‘value’ changed, i.e. switched
on or off, when switch A changes its “value’, i.e. is on or off. The general
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format of an assignment statement is:
X:=Y,;

where Y represents an expression which produces a new value for the
variable X. Another example is:

Light :- SwitchA OR SwitchB;

to indicate that the light is switched on by either switch A or swi%;gw B.

4.4: THE DIFFERENT ADDRESSING MODES

.
The PLC has to be able to identify each particular input and ot ut. Tt does
thls by aIIocatlng addresses to each input and output. Wlth N Small C this is

an output. Thus for the Mltsublshl PLC we might have mp'
X401, X402, etc., and outputs with addresses Y43‘®
indicating an input and the Y an output. Toshiba
With larger PLCs havmg several racks o

and output channels, the
tﬁe rack containing the

1, 2, 3, etc. according to how set-up swit
of modules and each one deals Wlth é
ure. For example, we might have an
input with address |: 012/03. TE ndicate an input, rack 01, module 2 and

terminal 03.

é I = input Module number
O = output - 4

KXKXIXX

¥—— Terminal number
Rack number

Figure: Allen-Bradley PLC -3 addressing

termed a b|t The inputs and outputs thus have their addresses in terms of the byte
and bit numbers, effectively giving a module number followed by a terminal
number, a full stop (.) separating the two numbers. Figure below shows the system.
Thus 10.1 is an input at bit 1 in byte 0; Q2.0 is an output at bit 0 in byte 2.
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| = input

Q = output  _
By XXX

Bit number
Byte number

Figure:Siemens SIMATIC S5 addressing

The GEM-80 PLC assigns inputs and output addresses in terms of the
module number and terminal number within that module. The letter
designate inputs and B outputs. Thus A3.02 is an input at terminal 02
B5.12 is an output at terminal 12 in module 5.

In addition to using addresses to identify inputs and o
their addressing systems to identify internal, soﬁware-cr&g
relays, timers and counters. \

‘Data File Addresses to 1/O
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Relationship of Data File Addresses to I/O Modules

Figure g} illustrates the relationship between the number assigned to the data files in mem-
ory and the number used by the 1'O terminals. The figure contains an input module, a partial
memaory map of the data file, an output module, and field devices, The ladder diagram at the
bottom shows two input switching comtacts connected in series with an output symbol. The Ind-
der diagram is programmed into the user program memory {program [ile 2). A push button is
wired to terminal 1, and a limit swiich is wired 1o terminal 5 of the input module located in slot
2. Pressmg the push button will ciuse the commesponding status bit | m the input data file to go
from 0 1w 1, and the limit switch closure causes bit 5 to be set 1o a 1. This input stams creates a
True lopic condition in the rung and causes bit 2 of the output data [ile 1o become a 1. As a result,
corresponding output terminal 2 of the module located in slot 4 becomes energized and turns on
the output field device 10 which it is connected. [T the push button or the limit switch is open, the
corresponding bit in the data file will be a 0, and the logic condition of the rung becomes False
and makes bit 2 of the output data file a logic 0. Note that the number following the colon in an
L'0) address is the same number as the slot position where the module w which the correspon-
ding field device is connected is located. None of the addresses in a data file where the elements
are stored can be used more than once.

PLCs are not limited to interfacing with discrete field devices, There are input modules,
for example, that convert analog voltages wo proportional digital binary values, which are
stored in the PLU memory. The digits in the memory register may be pure binary numhbers,
or BCD numbers that represent decimal digits

Unlike discrete imputs that require a single memaory hit, an analog input requires an
entire 16-bit word to represent its value. A pure binary number can represent 63,536 (219)
different voltage levels, and a four-digit BCD number can represent 10,000 (0000 o 9990)
different analog voltage levels. Data that represents discrete signals and analog voltages are
baoth stored in the input data file, as shown in Figure b

A
Register
address
m::;r[ls[nlu[:ﬂ11[10[9|1[7]a|s|4[3|:|1|u |
0
1
2
Oritput clata file {Fle 0} i ml.;
|11|ll|'l.l|ﬂ|ll|li|ﬂ|ﬂ'|li|ﬂ|ﬂ|"|“|‘l|ﬂ|“ 4 I:tﬂil':l'“
g s 3
PAY) : P E
Vs A4 EL—O—{
> B
b [ &
(inslot 2) Tnput data file (file 1) 0 %
- [ 35
EEJ ] 1|
'g_:- Iululnlululululnlululllulu]ulllu 2
[~TH 1
@3
XN veaes vean ' 4
. | S
X ',n\/\\’/\\/,\\/f\ g

1L 11 |/ i
1 r 1T 1 Y I

| 125 1:2/1 a2

User Program Memory

a) Relationship of data file addresses to input and output devices
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Bat 15 14 13 12 11 R 7 5 4 ¥ 2 1 0 Address

o - - - . - - - - - - - - -
Relay p.“l: o 0| 1 || _|| o 1 -|| |

it modu e

p \A " ‘ 1 F

\ 4 ] I'. 1.-"'| --"I Cow
'- WL W e A

Thermocouple L .
020 mV TS mV o
Analog il module

{converts an analog

sl age 1o & binary value)

numbers that represent the analog values
status of the discrete signals can never be s

“user program. Normally a cyclic execution
program is preferred and this cyclic operato 1 due priorities. Program processing in a PLC

happens cyclically with the foIIowing ex

ocessor reads the individual inputs. This status of the input
table (P11).

2. This processor processe \ he pr@ram stored in the program memory. This consists of a list of

logic functions and*inst c%mns which are successively processed, so that the required input
information will alrea d% be accessed before the read in PIl and the matching results are
written into@ process-i

\" &
The sameweyclic process also acts upon an RLL program.

The time required by the microprocessor to complete one cycle is known as the scan time.
After all rungs have been tested, the PLC then starts over again with the first rung. Of course the scan
time for a particular processor is a function of the processor speed, the number of rungs, and the
complexity of each rung.
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Imitialise I

Read ﬂlll
inputs

l

Program

l

Update all
outputs

S

L

cution Modes:

ever be interrupted by a suitably defined signal
gram execution (when fast reaction time is required). If

glexécution.

£ N
6.5:3 Timers

Theé%%r‘fé special operands of a PLC, which represent a time delay relay in a relay logic system.

The time functions are a fixed component of the central processing unit. The number of these varies
from manufacturer to manufacturer and from product to product. It is possible to achieve time delays
in the range of few milliseconds to few hours.
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Set time
Run Logic | delay value
_l_l I_I_ Preset — G0es high
_—== Reg - When
Output TR = PR
-_——- Timing coil
— i Re
Enable I Stores Curr
Reset Tt‘m es Current
Lngic ime

Wy

Representation for timers is shown in Figure above. Timers have apr
represent the maximum count it can hold and can be set usingssoft a&l
below has a ‘enable reset logic” and ‘run logic’ in connecti
work and the register consists of ‘zero’ until the enable r
logic’ is ‘on’, the counter starts counting when the ‘run logi
the counter reaches the maximum count. '

er. The counter does not
IS_ ‘on’. Once the ‘enable reset
he output is ‘on” only when

Various kinds of timers are explained as follows 4

1) ON Delay Timer

%tput signal becomes on with certain delay. But
utput signal also becomes off at the same instant. If

in the output and remain inth " condition even the input is turned on and off i.e., output
is not observed until the'inpu ptglse width is greater than the delay time.

F-N F .9 _
Input \

I 1
‘ 11
- Output 11
T 1
<«Delay» 1 1
I 1
I 1

Figure: Input and Output Waveforms of On Delay Timer
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|| )
I W
101 001
PR=
002
001 Delay
Value

001

in the previous fig is explalned here. The realization is as sh
real input switch (INOO1), coill (OP002), two normall
coil2(OP002). When the real input switch is ‘on’ the co

ut-signails i)f the off delay timer are as shown in the Figure below.
When the input mgna?’ﬁ%come on, the output signal becomes on at the same time. But when
the input S|gnal hecome: o*f the output signal becomes “off’ with certain delay. If the input
wlﬁh tﬁe t|me WhICh less than the delay time, there is no change in the

e

l
I i 1 11
Quitput | 111
. I BE
| [+ > Iq- +|
I+ | [
. Delav (| = Del
Delay ' 14l
Timel f But
Starts resets

Figure: Typical Input Output Waveforms of OFF Delay Timer
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Realization of off-delay timer: The realization of on-delay timer using the basic timer
shown in the previous fig is explained here. The realization is as shown in the Figure below, which
shows a real input switch (INOO1), coil1 (OP002), two normally closed input contacts (IN0O01), output
contacts (OP002, OP003). When the real input switch is ‘on’, the coil (OP002) is ‘on’ and both the
auxiliary input switches are ‘off’. Now the output contact (OP002) becomes ‘off’ which in turn
makes the auxiliary contact (OP002) in the third rung to become ‘on’ and hence the output contact
(OP003) is ‘on’. When the real input switch is ‘off’, the counter value starts increasing and the
output of the contact becomes ‘on’ after the timer reaches the maximum preset count. At this time
the auxiliary contact in the third rung becomes ‘off’ and so is the output contact (OP003). The input

and output signals are as shown in the figure, which explain the off-delay timer. gw
o 4
| | _/
101 001
; | ‘ 002
101 PR = delay value
A
I
101

mdependent of input pulse width.

eCourseware @AIKTC



ANJUMAN-I-ISLAMS KALSEKAR TECHNICAL CAMPUS, NEW PANVEL

Input

Output

Figure: Input Output Waveforms of Fixed Pulse Width Timer

| | Y
11 -
001
101 )
101 PR= 002
Pulse width
101

_|l
|

| I
_l | /l’|/ O
101 002 003
Figure: Realization of

ed Pulse Width Timer from a General Timer

4) Retentive Timer

%

. Gl

t

Reset

Figure: Input and Output Waveforms of Retentive Timer
This is also implemented internally in a register as in the previous case. When the input is
‘on’, the internal counter starts counting until the input is ‘off’ and at this time, the counter
holds the value till next input pulse is applied and then starts counting starting with the
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value existing in the register. Hence it is named as ‘retentive’ timer. The output is ‘on’ only

when the counter reaches its ‘terminal count’.

5) Non — Retentive Timer
The input and output signals of the non-retentive timer are as shown in the Figure

below. This is implemented internally in a register. When the input is ‘on’, the internal
counter starts counting until the input is ‘off’ and at this time the value in the counter is
reset to zero. Hence it is named as non-retentive timer. The output is ‘on’ only when the
counter reaches its ‘terminal count’.

Input

Preset

1

6.5.4 COUNTER

The counting functions (C
central processing unit. The numbe

¢ Count
Lnglr
CR incremented
by 1 every time
Count
logic
goes high
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Figure: Structure of a Typical Counter

Modular and Fixed PLCs

As mentioned, PLCs have two main categories: modular or fixed. Both have the
same basic functions. A PLC is much like a personal computer. It consists of a
central processing unit (CPU) and an input/output (1/0) interface system. The
difference between a PC and PLCs is that PLCs handle multiple configurations
and carry out control functions. All 1/0 systems consist of message or
information carriers - inputs - and controllable devices - outputs. Any switches,
sensors or other similar devices are physically linked to the main 1/O system and
all of the activity throughout the entire system is controlled by the CPU.

This is the same regardless of whether you're using a modular or a fixed PLC.

However, these two systems are very different in application and execution.
£ &@

e Fixed PLCs are typically designed to perform basic functions. They are
small and consist of a power supply and the CPU and I/O systems, which
are all housed in one entity. The proper functioning of all processes
largely depends on the flawless execution of every component.

Oxiput termial

Terminal covers

Uit LEDs

[
| | |
I
Auiliary 2080C supply Input terminal block
{AG powresed naits oaly) {remoable) Inpat LEDs CPU states LEDs
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e Modular PLCs, also known as rack-mounted units, consist of bases
allowing for many independent components, such as the installation of
numerous 1/0 modules. These are easier to repair.

Communications I/O System
Modulel

- o om -\“Ic_;‘h‘lrl-\-r.‘_;

il A

Power Supply Controller

Advantages of Modular PLCs
What are the main advantages of a modular PLC?
Memory

Fixed PLCs are only capable of housing so much information. This is because
of the fact that all the necessary parts are housed in one entity. Also, there isn’t a
lot of room for expanding information beyond the very basic functions it
requires. Modular PLCs have far more memory and has the capability to store a
higher volume of information.

Greater Number of Available 1/0 Modules

The fixed PLC has limited I/0 modules thus limiting its performance. The
modular PLC has the capacity to accomplish more complex processes making it
more advantageous.

Room for Expansion
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As the need to expand your operation arises, the fixed PLC will not be able to
grow with the company. Modular PLCs were designed for that purpose, to
expand and customize processes for seamless growth.

Easier to Troubleshoot, Less Downtime

Downtime costs money- no one wants a system that drains the profits. Fixed
PLCs do not alert the operator of problems. Thus, when they crash it takes
considerable time to troubleshoot the problem. However, the modular PLCs can
easily troubleshoot issues, keeping some processes operational while fixing the
issue. While fixed PLCs may be less expensive, initially, the modular PLC has
greater economic security long-term.

PLC Advantages

e Increased Reliability
e More Flexibility
e Lower Cost
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JUMP AND LOOP INSTRUCTIONS AND PLC TROUBLESHOOTING

6.1: Jump Instruction

A function often provided with PLCs is the conditional jump. We can
describe this as:

IF (some condition occurs) THEN
perform some instructions
ELSE
perform some other instructions.

action occurs.

Thus, if the appropriate conditions ar
ladder program to be jumped over. Flgure%G
When there is an input to In 1, its contac
relay. This then results in the progra |

Is an mput to Input 1, the prog%\
6, etc. When there is no input t

program then proceeds t%&ungs 2, 3, etc.
& ’/é§ Input 1 Jump

.:f \'|—-Rung1
(k_ S
N

: — Rung 2
o
T,
{ — Rung 3
AN
Jum)}eqd

¢ ] Rung4

AN

etc.
Figure 6.1: Jump Instruction

Figure 6.2 shows the above ladder program in the form used by Mitsubishi.
The jump instruction is denoted by CJP (conditional jump) and the place to which

the jump occurs is denoted by EJP (end of jump). The condition that the jump will
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occur is then that there is an input to X400. When that happens the rungs involving
inputs X401 and X403 are ignored and the program jumps to continue with the
rungs following the end jump instruction with the same number as the start jump

instruction, i.e. in this case EJP 700.
Input 1

X400
CJP 700 _
Input 2 Output 1
H401 Y430
I'/ -\\ﬁ
| ' Jump between
"/ h
Input 3 Output 2 ese rungs
X402 w431 of the program
7 if input 1 occurs
|Il\-\- -’lll
Ep700 HY¥

Figure 6.2: Jump Instruction in Ml

mp-takes place from the jump
%TheWP instruction is given a
Jinstruction the same number,

With the Allen-Bradley PLC-5 format the
instruction (JMP) to the label instruction (LB
three-digit number from 000 to 255 and the

Figure 6.3 shows a ladder program in th

Input Jump
1:012/10 010

()

012011 0[112.“1[]
N

|
A

1012112 001211
o0
|_\_ _/.l
Output

o-012M12
I
I'k_ _/’I

Jump if input
1:012M10 occurs

With Siemens’ programs, conditional jumps are represented as shown in
Figure 6.4, there being a jump instruction JMP which is executed if the input is a 1
and another jump instruction JMPN which is executed if the input is 0. The end of
both instructions is the label DEST.
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4 . P )

-: JMP‘\} | Jump if (ampN )| Jumpif

A input 1 " input 0
—— DEST — End of jump

Figure 6.4: Siemens’ Jump Instructions

6.1.1: Jump within Jumps
Jumps within jumps are possible. For example, we might have @e situation
shown in Flgure 6.5. If the condition for the jump instruction 1 is r

rungs.

—| — Rung 1 Ifin 1
-

1 — —— Rung2
.

— Rung 3 Ifin3

— — +—— Rung 4

N Rung 5

& ™
: .—|/ Rung 6 v

Rung 7

Jump 1 end
—(f h Rung 8
i un
. e Y
\ Figure 6.5: Jumps Within Jumps

Thus if we have an input to In 1, the rung sequence is rung 1, 8, etc. If we
have no input to In 1 but an input to In 3, then the rung sequence is 1, 2, 6, 7, 8,
etc. If we have no input to In 1 and no input to In 3, the rung sequence is 1, 2, 3, 4,
5, 6, 7, 8, etc. The jump instruction enables different groups of program rungs to be
selected, depending on the conditions occurring.

6.2: SUBROUTINE OR CALL OR LOOP INSTRUCTION
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Subroutines are small programs to perform specific tasks which can be
called for use in larger programs. Thus with a Mitsubishi program we might have
the situation shown in Figure 6.6. When input 1 occurs, the subroutine P is called.
This is then executed, the instruction SRET indicating its end and the point at
which the program returns to the main program. To clearly indicate where the main
program ends the FEND instruction is used.

Input 1
(cae )
| CALL P }—— Call to subroutine
p. vy conditional on Input 1
‘ ‘ .'r \1'| | Main program and
N LA returmn point after
| | i subroutin
|
| N, %
etc.
FEMD 4{ End of main program
- Subroutine
-HH'I
.-";
T Subrouting
ete.
SRET End of subroutine and
retum to main program
END End of entire program

Figure 69@\\
P

With Siemen
«.anthRET to indicate the return instruction to the main program.

here is a library of subroutine functions to be called. If the EN
“input is connected directly to the left power rail then the call is

onditions and always executed. If there is a logic operation preceding EN
then the block call is only executed if the logic condition is fulfilled, in Figure 6.7

this is Wéure of contacts of Input 1. Several blocks can be connected in series by
connecting the ENO, enable output, of one to the EN input of the next.
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FCx

Figure 6.7: Call to subroutine blocks with Siemen

With Allen-Bradley, subroutines are called by usingsa
JSR instruction, the start of the subroutine being indicateghby BR
point of return to the main program by RET (Figure 6.8). %,

EN ENO
INT  OUT

IN2

ANJUMAN-I-ISLAMS KALSEKAR TECHNICAL CAMPUS, NEW PANVEL

Main program prior to call

Subroutine block FCx
enabled when input to EN

Frocessing of the block parameters
Output when IN1T AND IN2

Return to main program

Input 1
| ISR Jump.’msubmutlne
| conditional on
N Input 1
: —— Main program
\_ prog
T
(o
./
etc
f‘r -\-\'
SBR | ——H —— Subroutine
o
g
( \'
.
RET Retum to main

program

ump to subroutine call with Allen-Bradley PLC

6.3: PLC TROUBLESHOOTING

6.3.1 Program Troubleshooting
There are several causes of alteration to the user program:
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1. Extreme Environmental Conditions
2. Electromagnetic Interfrenece

3. Improper Grouding

4. Improper Wiring Connections

5. Unauthorized Tampering

If you suspect the memory has been altered, check the program
against a previously saved program on an EEPROM, UVPROM or flash
EPROM module.

6.3.2 Hardware Troubleshooting

programming deV|ce user manua
trace the source of the fault to the ¢

causes and recorr
,g “““““ |\

tables

e Once the status LEDs are matched to the appropriate table, simply
move across the table identifying error description and probable causes;

e Follow the recommended action steps for each probable cause until
the cause is identified;

e If recommended actions do not identify the cause, contact manufacturer or
distributor for assistance.

6.3.4 Troubleshooting Input Modules
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An input circuit responds to an input signal in the following manner:

e An input filter removes false signals due to contact bounce or electrical
interference

e Optical isolation protects the backplane circuits by isolating logic circuits
from input signals

e Logic circuits process the signal

e An input LED turns on or off indicating the status of the corresponding input
device

e The processor receives the input status for use in processing tge program

logic

The processor determines the output statUS'
Logic circuits maintain the output status, =

lﬁtput”‘ﬁgnal,

ane circuits from field signals;
utput on or off.

POE" R LED

The POWER LED on the power supply indicates that DC power is being
supplied to the chassis. This LED could be off when incoming power is
present when the: Fuse is blown; Voltage drops below the normal operating
range; Power supply is defective.

Safety Considerations

Actively thinking about the safety of yourself and others, as well

as the condition of your equipment, is of primary importance.
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When troubleshooting, pay careful attention to these general
warnings:

Calling for assistance

If you need to contact manufacturer or loca
helpful to obtain the following (prior to calli&/g)

The documg %

Have all personnel remain clear of the controller and equipment when
power is applied.

The problem may be intermittent and sudden unexpected machine
motion could result in injury.

Have someone ready to operate an emergency-stop switch in case it
becomes necessary to shut off power to the controller equipment.
Never reach into a machine to actuate a switch since unexpected
machine motion can occur and cause injury.
Remove all electrical power at the main power discon ec
before checking electrical connections or
machine motion. X
Never alter safety circuits to defeat their functlon&“ erious.injury or
machine damage could result. '

switches

Uto for assistance, it is

Processor type,

Series letter

Processor LED status
Processor error codes
Hardware types in syste

r%odules, chassis)
(HHT or APS).

‘‘‘‘ s the main guide used by the users and for
g @rr fault finding with PLCs. The documentation for a PLC
&uw include:

100

Detalls of the programmable logic controller.

Electrical installation diagrams.

Lists of all inputs and outputs connections.

Application program with full commentary on what it is achieving.
Software back-ups.

Operating manual, including details of all start up and shut down
procedures and alarms.
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