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2. PROGRAMMABLE LOGIC CONTROLLERS

2.1 INTRODUCTION

Control engineering has evolved over time. In the past humans were the main 
method for controlling a system. More recently electricity has been used for control and 
early electrical control was based on relays. These relays allow power to be switched on 
and off without a mechanical switch. It is common to use relays to make simple logical 
control decisions. The development of low cost computer has brought the most recent rev-
olution, the Programmable Logic Controller (PLC). The advent of the PLC began in the 
1970s, and has become the most common choice for manufacturing controls.

PLCs have been gaining popularity on the factory floor and will probably remain 
predominant for some time to come. Most of this is because of the advantages they offer.

• Cost effective for controlling complex systems.
• Flexible and can be reapplied to control other systems quickly and easily.
• Computational abilities allow more sophisticated control.
• Trouble shooting aids make programming easier and reduce downtime.
• Reliable components make these likely to operate for years before failure.

2.1.1 Ladder Logic

Ladder logic is the main programming method used for PLCs. As mentioned 
before, ladder logic has been developed to mimic relay logic. The decision to use the relay 
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logic diagrams was a strategic one. By selecting ladder logic as the main programming 
method, the amount of retraining needed for engineers and tradespeople was greatly 
reduced.

Modern control systems still include relays, but these are rarely used for logic. A 
relay is a simple device that uses a magnetic field to control a switch, as pictured in Figure 
2.1. When a voltage is applied to the input coil, the resulting current creates a magnetic 
field. The magnetic field pulls a metal switch (or reed) towards it and the contacts touch, 
closing the switch. The contact that closes when the coil is energized is called normally 
open. The normally closed contacts touch when the input coil is not energized. Relays are 
normally drawn in schematic form using a circle to represent the input coil. The output 
contacts are shown with two parallel lines. Normally open contacts are shown as two 
lines, and will be open (non-conducting) when the input is not energized. Normally closed 
contacts are shown with two lines with a diagonal line through them. When the input coil 
is not energized the normally closed contacts will be closed (conducting).
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Figure 2.1 Simple Relay Layouts and Schematics

Relays are used to let one power source close a switch for another (often high cur-
rent) power source, while keeping them isolated. An example of a relay in a simple control 
application is shown in Figure 2.2. In this system the first relay on the left is used as nor-
mally closed, and will allow current to flow until a voltage is applied to the input A. The 
second relay is normally open and will not allow current to flow until a voltage is applied 
to the input B. If current is flowing through the first two relays then current will flow 
through the coil in the third relay, and close the switch for output C. This circuit would 
normally be drawn in the ladder logic form. This can be read logically as C will be on if A 
is off and B is on.
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closed

input coil

OR

OR
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Figure 2.2 A Simple Relay Controller

The example in Figure 2.2 does not show the entire control system, but only the 
logic. When we consider a PLC there are inputs, outputs, and the logic. Figure 2.3 shows a 
more complete representation of the PLC. Here there are two inputs from push buttons. 
We can imagine the inputs as activating 24V DC relay coils in the PLC. This in turn drives 
an output relay that switches 115V AC, that will turn on a light. Note, in actual PLCs 
inputs are never relays, but outputs are often relays. The ladder logic in the PLC is actually 
a computer program that the user can enter and change. Notice that both of the input push 
buttons are normally open, but the ladder logic inside the PLC has one normally open con-
tact, and one normally closed contact. Do not think that the ladder logic in the PLC needs 
to match the inputs or outputs. Many beginners will get caught trying to make the ladder 
logic match the input types.

115VAC
wall plug

relay logic

input A
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input B
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output C
(normally open)
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A B C
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Figure 2.3 A PLC Illustrated With Relays

Many relays also have multiple outputs (throws) and this allows an output relay to 
also be an input simultaneously. The circuit shown in Figure 2.4 is an example of this, it is 
called a seal in circuit. In this circuit the current can flow through either branch of the cir-
cuit, through the contacts labelled A or B. The input B will only be on when the output B 
is on. If B is off, and A is energized, then B will turn on. If B turns on then the input B will 
turn on, and keep output B on even if input A goes off. After B is turned on the output B 
will not turn off.
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Figure 2.4 A Seal-in Circuit

2.1.2 Programming

The first PLCs were programmed with a technique that was based on relay logic 
wiring schematics. This eliminated the need to teach the electricians, technicians and engi-
neers how to program a computer - but, this method has stuck and it is the most common 
technique for programming PLCs today. An example of ladder logic can be seen in Figure 
2.5. To interpret this diagram imagine that the power is on the vertical line on the left hand 
side, we call this the hot rail. On the right hand side is the neutral rail. In the figure there 
are two rungs, and on each rung there are combinations of inputs (two vertical lines) and 
outputs (circles). If the inputs are opened or closed in the right combination the power can 
flow from the hot rail, through the inputs, to power the outputs, and finally to the neutral 
rail. An input can come from a sensor, switch, or any other type of sensor. An output will 
be some device outside the PLC that is switched on or off, such as lights or motors. In the 
top rung the contacts are normally open and normally closed. Which means if input A is on 
and input B is off, then power will flow through the output and activate it. Any other com-
bination of input values will result in the output X being off.

Note: When A is pushed, the output B will turn on, and 
the input B will also turn on and keep B on perma-
nently - until power is removed.

A

B

B

Note: The line on the right is being left off intentionally 
and is implied in these diagrams.
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Figure 2.5 A Simple Ladder Logic Diagram

The second rung of Figure 2.5 is more complex, there are actually multiple combi-
nations of inputs that will result in the output Y turning on. On the left most part of the 
rung, power could flow through the top if C is off and D is on. Power could also (and 
simultaneously) flow through the bottom if both E and F are true. This would get power 
half way across the rung, and then if G or H is true the power will be delivered to output Y. 
In later chapters we will examine how to interpret and construct these diagrams.

There are other methods for programming PLCs. One of the earliest techniques 
involved mnemonic instructions. These instructions can be derived directly from the lad-
der logic diagrams and entered into the PLC through a simple programming terminal. An 
example of mnemonics is shown in Figure 2.6. In this example the instructions are read 
one line at a time from top to bottom. The first line 00000 has the instruction LDN (input 
load and not) for input 00001. This will examine the input to the PLC and if it is off it will 
remember a 1 (or true), if it is on it will remember a 0 (or false). The next line uses an LD 
(input load) statement to look at the input. If the input is off it remembers a 0, if the input 
is on it remembers a 1 (note: this is the reverse of the LD). The AND statement recalls the 
last two numbers remembered and if the are both true the result is a 1, otherwise the result 
is a 0. This result now replaces the two numbers that were recalled, and there is only one 
number remembered. The process is repeated for lines 00003 and 00004, but when these 
are done there are now three numbers remembered. The oldest number is from the AND, 
the newer numbers are from the two LD instructions. The AND in line 00005 combines the 
results from the last LD instructions and now there are two numbers remembered. The OR 
instruction takes the two numbers now remaining and if either one is a 1 the result is a 1, 
otherwise the result is a 0. This result replaces the two numbers, and there is now a single 

HOT NEUTRAL

INPUTS OUTPUTS

A B X

C D

E F

G

H

Y

Note: Power needs to flow through some combination of the inputs 
(A,B,C,D,E,F,G,H) to turn on outputs (X,Y).
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number there. The last instruction is the ST (store output) that will look at the last value 
stored and if it is 1, the output will be turned on, if it is 0 the output will be turned off.

Figure 2.6 An Example of a Mnemonic Program and Equivalent Ladder Logic

The ladder logic program in Figure 2.6, is equivalent to the mnemonic program. 
Even if you have programmed a PLC with ladder logic, it will be converted to mnemonic 
form before being used by the PLC. In the past mnemonic programming was the most 
common, but now it is uncommon for users to even see mnemonic programs.

Sequential Function Charts (SFCs) have been developed to accommodate the pro-
gramming of more advanced systems. These are similar to flowcharts, but much more 
powerful. The example seen in Figure 2.7 is doing two different things. To read the chart, 
start at the top where is says start. Below this there is the double horizontal line that says 
follow both paths. As a result the PLC will start to follow the branch on the left and right 
hand sides separately and simultaneously. On the left there are two functions the first one 
is the power up function. This function will run until it decides it is done, and the power 
down function will come after. On the right hand side is the flash function, this will run 
until it is done. These functions look unexplained, but each function, such as power up 
will be a small ladder logic program. This method is much different from flowcharts 
because it does not have to follow a single path through the flowchart.

00000
00001
00002
00003
00004
00005
00006

LDN
LD
AND
LD
LD
AND
OR

00001
00002

00003
00004

00001 00002

00003 00004

00107

END

the mnemonic code is equivalent to
the ladder logic below

ST00007 00107
END00008



plc wiring - 2.9
Figure 2.7 An Example of a Sequential Function Chart

Structured Text programming has been developed as a more modern programming 
language. It is quite similar to languages such as BASIC. A simple example is shown in 
Figure 2.8. This example uses a PLC memory location N7:0. This memory location is for 
an integer, as will be explained later in the book. The first line of the program sets the 
value to 0. The next line begins a loop, and will be where the loop returns to. The next line 
recalls the value in location N7:0, adds 1 to it and returns it to the same location. The next 
line checks to see if the loop should quit. If N7:0 is greater than or equal to 10, then the 
loop will quit, otherwise the computer will go back up to the REPEAT statement continue 
from there. Each time the program goes through this loop N7:0 will increase by 1 until the 
value reaches 10.

Figure 2.8 An Example of a Structured Text Program

Start

End

power up

power down
flash

Execution follows
multiple paths

N7:0 := 0;
REPEAT
N7:0 := N7:0 + 1;
UNTIL N7:0 >= 10
END_REPEAT;
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2.1.3 PLC Connections

When a process is controlled by a PLC it uses inputs from sensors to make deci-
sions and update outputs to drive actuators, as shown in Figure 2.9. The process is a real 
process that will change over time. Actuators will drive the system to new states (or modes 
of operation). This means that the controller is limited by the sensors available, if an input 
is not available, the controller will have no way to detect a condition.

Figure 2.9 The Separation of Controller and Process

The control loop is a continuous cycle of the PLC reading inputs, solving the lad-
der logic, and then changing the outputs. Like any computer this does not happen 
instantly. Figure 2.10 shows the basic operation cycle of a PLC. When power is turned on 
initially the PLC does a quick sanity check to ensure that the hardware is working prop-
erly. If there is a problem the PLC will halt and indicate there is an error. For example, if 
the PLC backup battery is low and power was lost, the memory will be corrupt and this 
will result in a fault. If the PLC passes the sanity check it will then scan (read) all the 
inputs. After the inputs values are stored in memory the ladder logic will be scanned 
(solved) using the stored values - not the current values. This is done to prevent logic 
problems when inputs change during the ladder logic scan. When the ladder logic scan is 
complete the outputs will be scanned (the output values will be changed). After this the 
system goes back to do a sanity check, and the loop continues indefinitely. Unlike normal 
computers, the entire program will be run every scan. Typical times for each of the stages 
is in the order of milliseconds.

PROCESS

Feedback from
sensors/switches

PLC

Connections to
actuators
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Figure 2.10 The Scan Cycle of a PLC

2.1.4 Ladder Logic Inputs

PLC inputs are easily represented in ladder logic. In Figure 2.11 there are three 
types of inputs shown. The first two are normally open and normally closed inputs, dis-
cussed previously. The IIT (Immediate InpuT) function allows inputs to be read after the 
input scan, while the ladder logic is being scanned. This allows ladder logic to examine 
input values more often than once every cycle.

Figure 2.11 Ladder Logic Inputs

Read inputs

PLC program changes outputs
by examining inputs Set new outputs

Process changes and PLC pauses
while it checks its own operation

THE
CONTROL
LOOP

Power turned on

Normally open, an active input x will close the contact
and allow power to flow.

Normally closed, power flows when the input x is not open.

x

x

immediate inputs will take current values, not those from
the previous input scan. (Note: this instruction is actually

x
IIT

an output that will update the input table with the current
input values. Other input contacts can now be used to
examine the new values.)
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2.1.5 Ladder Logic Outputs

In ladder logic there are multiple types of outputs, but these are not consistently 
available on all PLCs. Some of the outputs will be externally connected to devices outside 
the PLC, but it is also possible to use internal memory locations in the PLC. Six types of 
outputs are shown in Figure 2.12. The first is a normal output, when energized the output 
will turn on, and energize an output. The circle with a diagonal line through is a normally 
on output. When energized the output will turn off. This type of output is not available on 
all PLC types. When initially energized the OSR (One Shot Relay) instruction will turn on 
for one scan, but then be off for all scans after, until it is turned off. The L (latch) and U 
(unlatch) instructions can be used to lock outputs on. When an L output is energized the 
output will turn on indefinitely, even when the output coil is deenergized. The output can 
only be turned off using a U output. The last instruction is the IOT (Immediate OutpuT) 
that will allow outputs to be updated without having to wait for the ladder logic scan to be 
completed.

When power is applied (on) the output x is activated for the left output, but turned

An input transition on will cause the output x to go on for one scan

x x

OSR
x

(this is also known as a one shot relay)

off for the output on the right.
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Figure 2.12 Ladder Logic Outputs

2.2 A CASE STUDY

Problem: Try to develop (without looking at the solution) a relay based controller 
that will allow three switches in a room to control a single light.

When the L coil is energized, x will be toggled on, it will stay on until the U coil 

Some PLCs will allow immediate outputs that do not wait for the program scan to

L
U

IOT

end before setting an output. (Note: This instruction will only update the outputs using

is energized. This is like a flip-flop and stays set even when the PLC is turned off.

x

xx

the output table, other instruction must change the individual outputs.)

Note: Outputs are also commonly shown using parentheses -( )- instead of 
the circle. This is because many of the programming systems are text 
based and circles cannot be drawn.
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2.3 SUMMARY

• Normally open and closed contacts.
• Relays and their relationship to ladder logic.
• PLC outputs can be inputs, as shown by the seal in circuit.
• Programming can be done with ladder logic, mnemonics, SFCs, and structured 

text.
• There are multiple ways to write a PLC program.

Solution: There are two possible approaches to this problem. The first assumes that any 
one of the switches on will turn on the light, but all three switches must be off for the 
light to be off.

switch 1

switch 2

switch 3

light

The second solution assumes that each switch can turn the light on or off, regardless of 
the states of the other switches. This method is more complex and involves thinking 
through all of the possible combinations of switch positions. You might recognize 
this problem as an exclusive or problem.

switch 1

switch 1

switch 1

light
switch 2

switch 2

switch 2

switch 3

switch 3

switch 3

switch 1 switch 2 switch 3

Note: It is important to get a clear understanding of how the controls are expected to 
work. In this example two radically different solutions were obtained based upon a 
simple difference in the operation.
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2.4 PRACTICE PROBLEMS

1. Give an example of where a PLC could be used.

2. Why would relays be used in place of PLCs?

3. Give a concise description of a PLC.

4. List the advantages of a PLC over relays.

5. A PLC can effectively replace a number of components. Give examples and discuss some good 
and bad applications of PLCs.

6. Explain why ladder logic outputs are coils?

7. In the figure below, will the power for the output on the first rung normally be on or off? Would 
the output on the second rung normally be on or off?

8. Write the mnemonic program for the Ladder Logic below.

2.5 PRACTICE PROBLEM SOLUTIONS

1. To control a conveyor system

2. For simple designs

3. A PLC is a computer based controller that uses inputs to monitor a process, and uses outputs to 
control a processusing a program.

100

101

201
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4. Less expensive for complex processes, debugging tools, reliable, flexible, easy to expend, etc.

5. A PLC could replace a few relays. In this case the relays might be easier to install and less 
expensive. To control a more complex system the controller might need timing, counting and 
other mathematical calculations. In this case a PLC would be a better choice.

6. The ladder logic outputs were modelled on relay logic diagrams. The output in a relay ladder 
diagram is a relay coil that switches a set of output contacts.

7. off, on

8. LD 100, LD 101, OR, ST 201

2.6 ASSIGNMENT PROBLEMS

1. Explain the trade-offs between relays and PLCs for control applications.

2. Develop a simple ladder logic program that will turn on an output X if inputs A and B, or input 
C is on.


	2. PROGRAMMABLE LOGIC CONTROLLERS
	2.1 INTRODUCTION
	2.1.1 Ladder Logic
	2.1.2 Programming
	2.1.3 PLC Connections
	2.1.4 Ladder Logic Inputs
	2.1.5 Ladder Logic Outputs

	2.2 A CASE STUDY
	2.3 SUMMARY
	2.4 PRACTICE PROBLEMS
	2.5 PRACTICE PROBLEM SOLUTIONS
	2.6 ASSIGNMENT PROBLEMS



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


