








































































































































































































UNDERSTAND APPLICATIONS OF POWER ELECTRONIC 

CIRCUITS 
Working of UPS with block diagram 

In a UPS, the energy is generally stored in flywheels, batteries, or super capacitors. When compared to other 

immediate power supply system, UPS have the advantage of immediate protection against the input power 

interruptions. 

➢ It has very short on-battery run time; however this time is enough to safely shut down the connected 

apparatus (computers, telecommunication equipment etc) or to switch on a standby power source. 

➢ UPS can be used as a protective device for some hardware which can cause serious damage or loss 

with a sudden power disruption. 

➢ Uninterruptible power source, Battery backup and Flywheel back up are the other names often used 

for UPS. The available size of UPS units ranges from 200 VA which is used for a solo computer to 

several large units up to 46 MVA. 

Major Roles of a UPS 

➢ When there is any failure in main power source, the UPS will supply the power for a short time. This 

is the prime role of UPS. In addition to that, it can also able to correct some general power problems 

related to utility services in varying degrees. 

➢ The problems that can be corrected are voltage spike (sustained over voltage), Noise, Quick 

reduction in input voltage, Harmonic distortion and the instability of frequency in mains. 

 

Types of UPS 
Generally, the UPS system is categorised into On-line UPS, Off- line UPS and Line interactive UPS. 

Other designs include Standby on-line hybrid, Standby-Ferro, Delta conversion On-Line. 

Off-line UPS 
➢ This UPS is also called as Standby UPS system which can give only the most basic features. 

Here, the primary source is the filtered AC mains (shown in solid path in figure 1). 

➢ When the power breakage occurs, the transfer switch will select the backup source (shown in 

dashed path in figure 1). 

➢ Thus we can clearly see that the stand by system will start working only when there is any failure 

in mains. In this system, the AC voltage is first rectified and stored in the storage battery 

connected to the rectifier. 

➢ When power breakage occurs, this DC voltage is converted to AC voltage by means of a power 

inverter, and is transferred to the load connected to it. 

➢ This is the least expensive UPS system and it provides surge protection in addition to back up. 

The transfer time can be about 25 milliseconds which can be related to the time taken by the UPS 

system to detect the utility voltage that is lost. The block diagram is shown below. 

 

https://www.electrical4u.com/battery-working-principle-of-batteries/
https://www.electrical4u.com/what-is-capacitor/
https://www.electrical4u.com/voltage-or-electric-potential-difference/
https://www.electrical4u.com/power-inverter/
https://www.electrical4u.com/power-inverter/
https://www.electrical4u.com/voltage-or-electric-potential-difference/
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CIRCUITS 

 

On-line UPS 
➢ In this type of UPS, double conversion method is used. Here, first the AC input is converted into DC 

by rectifying process for storing it in the rechargeable battery. 

➢ This DC is converted into AC by the process of inversion and given to the load or equipment which it 

is connected (figure 2). 

➢ This type of UPS is used where electrical isolation is mandatory. This system is a bit more costly due 

to the design of constantly running converters and cooling systems. 

➢ Here, the rectifier which is powered with the normal AC current is directly driving the inverter. Hence 

it is also known as Double conversion UPS. The block diagram is shown below. 

➢ hen there is any power failure, the rectifier have no role in the circuit and the steady power stored in 

the batteries which is connected to the inverter is given to the load by means of transfer switch. 

➢ Once the power is restored, the rectifier begins to charge the batteries. To prevent the batteries from 

overheating due to the high power rectifier, the charging current is limited. During a main power 

breakdown, this UPS system operates with zero transfer time. 

➢ The reason is that the backup source acts as a primary source and not the main AC input. But the 

presence of inrush current and large load step current can result in a transfer time of about 4-6 

milliseconds in this system. 

 

https://www.electrical4u.com/electric-current-and-theory-of-electricity/
https://www.electrical4u.com/battery-working-principle-of-batteries/
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CIRCUITS 

Battery Charger Circuit Using SCR 

The battery is charged with small amount of AC voltage or DC voltage. So if you want to charge your battery 

with AC source then should follow these steps, we need first limit the large AC voltage, need to filter the AC 

voltage to remove the noise, regulate and get the constant voltage and then give the resulting voltage to the 

battery for charging. Once charging is completed the circuit should automatically turned off. 

Block Diagram of Battery Charger Using SCR:

 

The AC source is given to the step down transformer which converts the large AC source into limited AC 

source, filter the AC voltage and remove the noise and then give that voltage to the SCR where it will rectify 

the AC and give the resulting voltage to the battery for charging. 

Circuit Diagram of Battery Charger Using SCR 

Circuit diagram of the Battery Charger Circuit using SCR can be seen below 

 

 

https://www.electronicshub.org/thyristor-basics/
https://www.electronicshub.org/wp-content/uploads/2013/09/Block-Diagram-of-Battery-Charger-Using-SCR.png
https://www.electronicshub.org/wp-content/uploads/2013/09/Circuit-Diagram-of-Battery-Charger-Using-SCR.png


UNDERSTAND APPLICATIONS OF POWER ELECTRONIC 

CIRCUITS 
Circuit Diagram Explanation 

The AC main voltage is given to the step down transformer the voltage should be down to 20V approx. the 

step down voltage is given to the SCR for rectification and SCR rectifies AC main voltage. This rectified 

voltage is used to charge battery. 

When the battery connecter to the charging circuit, the battery will not be dead completely and it will get 

discharged this will give the forward bias voltage to the transistor through the diode D2 and resistor R7 which 

will get turned on. When the transistor is turned on the SCR will get off. 

When the battery voltage is dropped the forward bias will be decreased and transistor gets turned off. When 

the transistor is turned off automatically the diode D1 and resistor R3 will get the current to the gate of the 

SCR, this will triggers the SCR and gets conduct. SCR will rectifies the AC input voltage and give to the 

battery through Resistor R6. 

This will charge the battery when the voltage drop in the battery decreases the forward bias current also gets 

increased to the transistor when the battery is completely charged the Transistor Q1 will be again turned on 

and turned off the SCR. 

Basic Switched mode power supply (SMPS) - explain its working & applications 

Working Principle of SMPS Power Supply 
Like other types of power supply, a SMPS power supply transfers power from a source — usually an 

AC outlet — to a DC device. What sets the SMPS apart is its ability to regulate the output voltage. It  

can increase or decrease the output voltage to maintain a constant output regardless of changes in load. 

This dual ability gives it an advantage over linear regulators, which can only regulate the output 

down (that is, they can only decrease the voltage, not increase it). 

SMPS Operation Diagram 

 

The diagram above outlines how the SMPS operates. An SMPS’s functionality is more complex 
than that of a linear regulator, but we can break it down into five stages:  

1. In the first stage, the incoming AC power runs through a rectifier and undergoes filtration to 

produce DC 

2. The SMPS works at high frequencies, so a high-frequency switch processes the DC signal, 

which creates a high-frequency pulsating DC signal 

3. The power transformer steps down the high-voltage DC signal to a DC signal of the 

appropriate level 

4. The stepped-down DC signal is rectified and filtered to a achieve a steady, constant DV output  

5. The control circuitry monitors the output voltage and adjusts the high-frequency switch on-

the-fly to ensure a continuous output stream of the desired voltage 

 

https://www.arrow.com/en/categories/power-supplies
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List applications of power electronic circuits 

 

➢ Our Daily Life: If we look around ourselves, we can find a whole lot of power electronics applications 

such as a fan regulator, light dimmer, air-conditioning, induction cooking, emergency lights, personal 

computers, vacuum cleaners, UPS (uninterrupted power system), battery charges, etc. 

➢ Automotives and Traction: Subways, hybrid electric vehicles, trolley, fork-lifts, and many more. A 

modern car itself has so many components where power electronic is used such as ignition switch, 

windshield wiper control, adaptive front lighting, interior lighting, electric power steering and so on. 

Besides power electronics are extensively used in modern traction systems and ships. 

➢ Industries: Almost all the motors employed in the industries are controlled by power electronic drives, 

for eg. Rolling mills, textile mills, cement mills, compressors, pumps, fans, blowers, elevators, rotary 

kilns etc. Other applications include welding, arc furnace, cranes, heating applications, emergency 

power systems, construction machinery, excavators etc. 

➢ Defense and Aerospace: Power supplies in aircraft, satellites, space shuttles, advance control in 

missiles, unmanned vehicles and other defense equipments. 

➢ Renewable Energy: Generation systems such as solar, wind etc. needs power conditioning systems, 

storage systems and conversion systems in order to become usable. For example solar cells generate 

DC power and for general application we need AC power and hence power electronic converter is used. 

➢ Utility System: HVDC transmission, VAR compensation (SVC), static circuit breakers, generator 

excitation systems, FACTS, smart grids, etc. 

 

 

 

 

 

 

https://www.electrical4u.com/electric-power-single-and-three-phase/
https://www.electrical4u.com/electric-furnace/
https://www.electrical4u.com/solar-cell/
https://www.electrical4u.com/high-voltage-direct-current-transmission/
https://www.electrical4u.com/facts-on-facts-theory-and-applications/
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CIRCUITS 
List the factors affecting the speed of DC Motors 

ccording to the speed equation of a d.c. motor we can write, 

 
The factors Z, P, A are constants for a d.c. motor. 

But as the value of armature resistance Ra and series field resistance Rse is very small, the drop Ia Raand 

(Ra +Rse) is very small compared to applied voltage V. Hence neglecting these voltage drops the speed equation 

can be modified as, 

 

Thus the factors affecting the speed of a d.c. motor are, 

1. The flux  Φ 

2. The voltage across the armature 

3. The applied voltage V 

depending upon these factors the various methods of speed control are, 

1. Changing the flux  Φ by controlling the current through the field winding called flux control methods. 

2. Changing the armature path resistance which in turn changes the voltage applied across the armature 

called rheostatic control. 

3. Changing the applied voltage called voltage control method. 

DC Motor Speed Control using Chopper 

In many different applications it is required to control speed of DC motor. Some of the examples are 

➢ In treadmill machine it is required to vary the speed of motor that used to roll the belt 

➢ The speed of DC motor used in railway engines (traction) has to be varied 

➢ E-bikes, e-bicycles, e-scooters also runs on DC motor and to vary their speed it is required to control 

speed of DC motor 

➢ DC motors are also used in portable sewing machine, drill machine etc, in which speed control of motor 

is provided for different operation 

One of the popular methods of speed control of DC motor is using chopper. Chopper is a device that gives 

variable DC output from applied fixed DC input. It simply chops fixed DC and generates variable DC. Let 

first understand how it generates variable DC. 
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Fig. 1: Block Representation of Chopper circuit used to control rotation of DC Motor 

As shown in figure the chopper supplies fixed DC voltage to motor. When chopper is ON motor gets supply 

but when chopper is off motor does not get the supply. So as shown in figure let us say chopper is on for Ton 

time and it is off for Toff time. So depending upon the Ton and Toff time the DC voltage applied to motor is 

Vdc = [Ton / (Ton + Toff)] × Vfixed 

But                                                         Ton + Toff = Ttotal 

So                                                           Vdc = [Ton / Ttotal] × Vfixed 

Here Ton / Ttotal is called duty cycle. So as duty cycle is more the average DC voltage supplied to motor is 

more and so speed of motor is increased. So as duty cycle is varied by varying on and off time of chopper, 

the speed of motor can be varied. 

The given circuit demonstrates one of such chopper circuit using Zero Cross Detector (ZCD), timer IC 

NE555 and darling ton amplifier TIP122 used as chopper device. The circuit chops rectified DC output and 

varies the speed of DC motor. 

  

Circuit Description 

·          230V @ 50 Hz AC is applied at the primary of transformer T1 (0-12 VAC, 500 mA). It’s secondary is 
connected with AC input terminals of bridge rectifier BR1. 

·          Rectified output is given to base of transistor Q1 through voltage divider formed by resistors R1 (1K) 

& R2 (1K). 

·          Collector output of Q1 is fed to base of transistor Q2 through R4 (470Ω). Q1 and Q2 both are 
connected in switch configuration as shown. 

·          The output of Q2 is applied at the trigger input of NE555 chip U1. It is configured in monostable 

mode. Timing components RV1 (10K pot) and C1 (1 µF) decides width of output pulse 

·          Output of U1 is applied to base of darling ton transistor TIP122 through current limiting resistor R6 

·         The DC motor is connected between rectified output and collector of TIP122. The emitter of TIP122 is 

connected to ground 

(Check the circuit diagram tab for complete circuit for DC motor speed control using chopper) 
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Circuit Operation 

Let us understand the circuit operation with the help of waveforms at different points A, B, C, D, E 

and F 

 

Fig. 2: Timing Diagram of Signals at various stages of the chopper circuit 

➢ Step down transformer T1 steps down 230 VAC into 12 VAC as shown as waveform 1 above figure at 

point A 
➢ This AC input is given to bridge rectifier. Bridge rectifier will produce rectified DC output as shown in 

second waveform if above figure at point B 
➢ This rectified output is given to base of transistor Q1. Because transistor Q1 is connected in switch 

configuration, when the input at the base becomes lower than 0.7 V it comes into cutoff and produces very 

short duration positive pulse at point ‘C’. That is shown as 3rd waveform in figure 
➢ As this positive pulses are given to Q2 which is again connected in switch configuration, it will produce 

negative pulse at point ‘D’ of same width of positive pulse. This is shown as 4th waveform 
➢ These negative pulses are applied to trigger input of NE555 chip connected in monostable mode. So it will 

generate high output every time when it gets this negative pulse. Its time period can be varied from 0 

milisecond  to max 10 milisecond using 10 K pot 
➢ As per the waveforms given in below figure let us understand 2 different cases with pulse width of NE555 

3 ms and 8 ms 
➢ As shown a second waveform in above figure, the NE555 will generate high output when gets negative 

pulse at its trigger input. For first case the width of pulse is 3 ms 
➢ Because this pulse is given to base input of TIP122, it is turned ON till pulse is high. When TIP122 is ON 

the motor gets chopped rectified output as shown in 3rd waveform in figure. Out of total 10 ms time, the 

motor gets DC waveform for 3 ms only 
➢  So average voltage applied to DC motor is less (as shown in waveform) and its speed is also less 
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Fig. 3: Timing Diagram of Output Waveforms from the Chopper Circuit 

 

➢ As shown in 4th and 5th waveforms, now the time period (pulse width) of NE555 is increased to 8 ms. 

So the rectified output applied to DC motor is also more – means average voltage applied to motor is 

more and its speed is more. 

➢ Thus as time period (width of output pulse) of NE555 is varied from 0 ms to 10 ms, it gives chopped 

rectified DC wave to motor that will vary its speed from min to max. 

Speed Control of Induction Motor by Variable Frequency Control 
Variable Frequency Control is a method that is used to control the speed of an induction motor. The 

synchronous speed and therefore, the speed of the motor can be controlled by varying the supply frequency. 

The synchronous speed of an induction motor is given by the relation shown below:

 
The EMF induced in the stator of the induction motor is given by the equation shown below.

 
Therefore, if the supply frequency is changed, induced EMF will also change to maintain the same air gap flux. 

The terminal voltage V1 is equal to the induced EMF E1 if the stator voltage drop is neglected. 

In order to minimize the losses and to avoid saturation, the motor is operated at rated air gap flux. This condition 

is obtained by varying the terminal voltage with frequency so as to maintain the (V/f) ratio constant at the rated 

value. This type of control is known as Constant Volts Per Hertz. Thus, the speed control of an induction 

motor using a variable-frequency supply requires a variable voltage power source. The variable-frequency 

supply is obtained by the following converters. 

• Voltage source inverter 

• Current source inverter 

• Cyclo-converter 

An inverter converts a fixed voltage DC to a fixed or variable voltage AC with variable frequency. Cyclo 

converter converts a fixed voltage and fixed frequency AC to a variable voltage and variable AC frequency. 

The variable frequency control allows good running and transient performance to be obtained from a cage 

induction motor. Cyclo converter controlled induction motor drive is suitable only for large power drives and 

to get lower speeds. 

 

https://circuitglobe.com/wp-content/uploads/2016/02/equation-2.bmp
https://circuitglobe.com/wp-content/uploads/2016/02/equation-3-1.bmp


Definition of a PLC 

What is a PLC?  

A Programmable Logic Controller, or PLC for short, is simply 

a special computer device used for industrial control 

systems. They are used in many industries such as oil 

refineries, manufacturing lines, conveyor systems and so on. 

Where ever there is a need to control devices the PLC 

provides a flexible way to "softwire" the components 

together. 

The basic units have a CPU (a computer processor) 

that is dedicated to run one program that monitors a series 

of different inputs and logically manipulates the outputs for 

the desired control.  They are meant to be very flexible in 

how they can be programmed while also providing the 

advantages of high reliability (no program crashes or 

mechanical failures), compact and economical over 

traditional control systems.  

A Simple Example  

Consider something as simple as a switch that turns 

on a light.  In this system with a flick of the switch the light 

would turn on or off.  Beyond that though there is no more 

control.  If your boss came along and said I want that light 

to turn on thirty seconds after the switch has been flipped, 

then you would need to buy a timer and do some 

rewiring.  So it is time, labor and money for any little 

change. 



 
  

A PLC Saves the Day  

Now consider the same device with a PLC in the 

middle.  The switch is fed as an input into the PLC and the 

light is controlled by a PLC output.  Implementing a delay in 

this system is easy since all that needs to be changed is the 

program in the PLC to use a delay timer.  
  

 

 

 

  

This is a rather simple example but in a larger system 

with many switchs and lights (and a host of other devices) 

all interacting with each other this kind of flexibility is not 

only nice but imperitive.  Hopefully a light bulb has now 

turned on over your head. 
 



 

How PLCs Work 

A programmable logic controller is a specialized 

computer used to control machines and processes.  It 

therefore shares common terms with typical PCs like central 

processing unit, memory, software and 

communications.  Unlike a personal computer though the 

PLC is designed to survive in a rugged industrial 

atmosphere and to be very flexible in how it interfaces with 

inputs and outputs to the real world. 

The components that make a PLC work can be divided 

into three core areas.  

• The power supply and rack  

• The central processing unit (CPU)  

• The input/output (I/O) section  

PLCs come in many shapes and sizes.  They can be so small 

as to fit in your shirt pocket while more involved controls 

systems require large PLC racks.  Smaller PLCs (a.k.a. 

“bricks”) are typically designed with fixed I/O points.  For 

our consideration, we’ll look at the more modular rack based 

systems.  It’s called “modular” because the rack can accept 
many different types of I/O modules that simply slide into 

the rack and plug in. 
  

http://www.plcdev.com/plc_technical_terms_glossary#term1
http://www.plcdev.com/plc_technical_terms_glossary#term157


 

  

The Power Supply and Rack 

So let’s start off by removing all our modules which 
leaves us with a naked PLC with only the power supply and 

the rack.  

  

http://www.plcdev.com/plc_technical_terms_glossary#term133


 

   

  

The rack is the component that holds everything 

together.  Depending on the needs of the control system it 

can be ordered in different sizes to hold more modules.  Like 

a human spine the rack has a backplane at the rear which 

allows the cards to communicate with the CPU.  The power 

supply plugs into the rack as well and supplies a regulated 

DC power to other modules that plug into the rack.  The 

most popular power supplies work with 120 VAC or 24 VDC 

sources. 

 



The CPU 

The brain of the whole PLC is the CPU module.  This 

module typically lives in the slot beside the power 

supply.  Manufacturers offer different types of CPUs based on 

the complexity needed for the system. 

The CPU consists of a microprocessor, memory chip and 

other integrated circuits to control logic, monitoring and 

communications.  The CPU has different operating modes.  In 

programming mode it accepts the downloaded logic from a 

PC.  The CPU is then placed in run mode so that it can execute 

the program and operate the process.  
  

 

   



  

Since a PLC is a dedicated controller it will only process 

this one program over and over again.  One cycle through 

the program is called a scan time and involves reading the 

inputs from the other modules, executing the logic based on 

these inputs and then updated the outputs accordingly.  The 

scan time happens very quickly (in the range of 1/1000th of 

a second).  The memory in the CPU stores the program while 

also holding the status of the I/O and providing a means to 

store values. 

  

 

   

  

 



I/O System 

The I/O system provides the physical connection 

between the equipment and the PLC.  Opening the doors on 

an I/O card reveals a terminal strip where the devices 

connect.  
  

 

   

  

There are many different kinds of I/O cards which 

serve to condition the type of input or output so the CPU 

can use it for it’s logic.  It's simply a matter of determining 

what inputs and outputs are needed, filling the rack with 

the appropriate cards and then addressing them correctly in 

the CPUs program. 

  



 

   

  

Inputs  

 

Input devices can consist of digital or analog 

devices.  A digital input card handles discrete devices which 

give a signal that is either on or off such as a pushbutton, 

limit switch, sensors or selector switches.  An analog input 

card converts a voltage or current (e.g. a signal that can be 

anywhere from 0 to 20mA) into a digitally equivalent 

number that can be understood by the CPU.  Examples of 

analog devices are pressure transducers, flow meters and 

thermocouples for temperature readings 

 

 



Outputs 

 

Output devices can also consist of digital or analog 

types.  A digital output card either turns a device on or off 

such as lights, LEDs, small motors, and relays.  An analog 

output card will convert a digital number sent by the CPU to 

it’s real world voltage or current.  Typical outputs signals 

can range from 0-10 VDC or 4-20mA and are used to drive 

mass flow controllers, pressure regulators and position 

controls. 

Programming a PLC 

In these modern times a PC with especially dedicated 

software from the PLC manufacturer is used to program a 

PLC.  The most widely used form of programming is called 

ladder logic.  Ladder logic uses symbols, instead of words, 

to emulate the real world relay logic control, which is a relic 

from the PLC's history.  These symbols are interconnected 

by lines to indicate the flow of current through relay like 

contacts and coils.  Over the years the number of symbols 

has increased to provide a high level of functionality.   

The completed program looks like a ladder but in actuality it 

represents an electrical circuit.  The left and right rails indicate 

the positive and ground of a power supply.  The rungs represent 

the wiring between the different components which in the case of 

a PLC are all in the virtual world of the CPU.  So if you can 

understand how basic electrical circuits work then you can 

understand ladder logic.  

 

http://www.plcdev.com/the_birth_of_the_plc


In this simplest of examples a digital input (like a button 

connected to the first position on the card) when it is pressed 

turns on an output which energizes an indicator light. 

  

 

   

  

The completed program is downloaded from the PC to 

the PLC using a special cable that’s connected to the front 

of the CPU.  The CPU is then put into run mode so that it 

can start scanning the logic and controlling the outputs. 
 

The Birth of the PLC 

The Original Challenge  

The early history of the PLC is fascinating.  Imagine if 

you will a fifty foot long cabinet filled with relays whose 

function in life is to control a machine.  Wires run in and out 

of the system as the relays click and clack to the 

logic.  Now imagine there is a problem or a small design 

change and you have to figure it all out on paper and then 

shut down the machine, move some wires, add some relays, 

debug and do it all over again.  Imagine the labor involved 

in the simplest of changes.  This is the problem that faced 

http://www.plcdev.com/plc_technical_terms_glossary#term1
http://www.cs.pdx.edu/~harry/Relay/index.html


the engineers at the Hydra-matic division of GM motors in 

the late 1960's. 

Fortunately for them the prospect of computer control 

was rapidly becoming a reality for large corporations as 

themselves.  So in 1968 the GM engineers developed a 

design criteria for a "standard machine controller".  This 

early model simply had to replace relays but it also had to 

be: 

• A solid-state system that was flexible like a 

computer but priced competitively with a like 

kind relay logic system.  

• Easily maintained and programmed in line with 

the all ready accepted relay ladder logic way of 

doing things.  

• It had to work in an industrial environment with 

all it's dirt, moisture, electromagnetism and 

vibration.  

• It had to be modular in form to allow for easy 

exchange of components and expandability.  

The Race is On  

This was a tall order in 1968 but four companies took 

on the challenge. 

1.Information Instruments, Inc. (fully owned by 

Allen-Bradley a year later).  

2.Digital Equipment Corp. (DEC)  

3.Century Detroit  

4.Bedford Associates  



Bedford Associates, run by Richard Morley, won the contract 

and quickly formed a new company around the technology 

called MODICON after Modular Digital Control.  By June of 

1969 they were selling the first viable Programmable 

Controller the "084" (their 84th project) which sold over 

one thousand units.  These early experiences gave birth to 

their next model the "184" in 1973 which set Modicon as 

the early leader in programmable controllers. 

Not to be outdone, the powerhouse Allen-Bradley (all 

ready known for it's rheostats, relays and motor controls) 

purchased Information Instruments in 1969 and began 

development on this new technology.  The early models 

(PDQ-II and PMC) were deemed to be too large and 

complex.  By 1971 Odo Struger and Ernst Dummermuth 

had begun to develop a new concept known as the Bulletin 

1774 PLC which would make them successful for years to 

come.  Allen-Bradley termed their new device the 

"Programmable Logic Controller" (patent #3,942,158) over 

the then accepted term "Programmable Controller".  The 

PLC terminology became the industry standard especially 

when PC became associated with personal computers. 
 
 

 

 

 

 

 

 

 

 

 

 

 

http://www.plcdev.com/allen_bradley_plc_patent_3942158_by_dummermuth
http://www.plcdev.com/plc_technical_terms_glossary#term2


 

PLCs Versus Other Types of Controls 

A PLC is not the only choice for controlling a process. 

Sticking with only basic relays may be of a benefit 

depending upon your application. Yet, on the other hand, a 

computer might be the way to go. The PLC vs. PC debate 

has been going on for a long time.  More often though it 

doesn't come down to an "either or" situation but involves a 

mix of technologies. 

PLC vs. Relay 

When I first started programming PLCs it was 

still questionable if a PLC was necessary over 

just relay control.  With PLC prices going down, 

size shrinking, and performance of PLCs 

improving over the years this has become less 

of a battle.  Yet the designer has to ask 

themselves if a PLC is really overkill for their 

application.  Some questions should be asked.  

• Is there a need for flexibility in control logic 

changes?  Will there be frequent control logic changes?  Will 

there be a need for rapid modification?  

A lot companies believe they will never change a design but more 

often then not ideas and goals do change and modifications will 

need to be made.  Do you want to do that in hardware (relays) or 

software (PLC)?  

 

http://www.plcdev.com/plc_technical_terms_glossary#term1


 

• Must similar control logic be used on different machines?  

It's so much easier to download a program then build 

another panel.  
• Is there a need for future growth?  

A PLC can easily accept a new module in a slot or get an 

expansion base.  

• Is there a need for high reliability?  

PLCs are seen as more robust over individual components.  

• Is downtime a concern? 

Any change or troubleshooting on a relay system means the 

system might have to go offline.  Changes in a PLC can often be 

made online with no downtime.  

• Are space requirements important?  

Based on the number of relays a PLC can be a real space saver.  

• Are increased capability and output required?  

PLCs can be faster then their mechanical counterparts.  

•   Are there data collection and communications required?  

Only possible with a PLC or computer.  

• What are the overall costs?  

There's a certain price point comparison but in these days it's 

very low in favor of a PLC.  

 

 

 

 

 



PLC vs. Dedicated Controller 

A dedicated controller is a single instrument that is 

dedicated to controlling one parameter such as a PID 

controller measuring a temperature for heating 

control.  They have the advantages of an all in one 

package, typically with display and buttons.  This can be a 

very good thing to use in simple applications.  A PLC these 

days can compete price wise and functionally with these 

controllers especially if you more then one controller is 

needed.  PLCs offer a greater degree of flexibility too 

because the can be programmed to handle all sorts of 

different scenarios. 

PLC vs. PC (Personal Computers) 

The PLC vs. PC debate has been going on for years 

and I'm not going to attempt to give the definitive 

answer.  They both have their pros and cons.  What often 

happens is that the two are used for their strengths in 

different parts of the factory.  

 

  PLC PC  

Environment  The PLC was 

specifically 

designed for 

harsh 

conditions with 

electrical 

noise, 

magnetic 

Common PCs are not 

designed for harsh 

environments.  Industrial 

PCs are available but 

cost more.  
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fields, 

vibration, 

extreme 

temperatures 

or humidity. 

Ease of Use  By design PLCs 

are friendlier 

to technicians 

since they are 

in ladder logic 

and have easy 

connections.  

Operating systems like 

Windows are 

common.  Connecting 

I/O to the PC is not 

always as easy. 

Flexibility  PLCs in rack 

form are easy 

to exchange 

and add 

parts.  They 

are designed 

for modularity 

and 

expansion. 

Typical PCs are limited 

by the number of cards 

they can accommodate 

and are not easily 

expandable.  

Speed  PLCs execute a 

single program 

in sequential 

order.  The 

have better 

ability to 

handle events 

in real time. 

PCs, by design, are 

meant to handle 

simultaneous 

tasks.  They have 

difficulty handling real 

time events. 

Reliability  A PLC never 

crashes over 

long periods of 

time.  ("Never" 

A PC locking up and 

crashing is frequent.  



may not be 

the right word 

but its close 

enough to be 

true.)  

Programming 

languages  

Languages are 

typically fixed 

to ladder logic, 

function block 

or structured 

text. 

A PC is very flexible and 

powerful in what to use 

for programming.  

Data 

management  

Memory is 

limited in its 

ability to store 

a lot of data.  

This is where the PC 

excels because of it's 

hard drive.  Any long 

term data storage, 

history and trending is 

best done on a PC.  

 Cost Just too hard to compare pricing with so many 

variables like I/O counts, hardware needed, 

programming software, etc.  

  

 

 

 

 

 

 



The Decision Makers: AND, OR and NOT 

Life is full of decisions. What is true for us is also true of 

PLCs. We gather information (input) and based on that we 

make choices that determine our output. All though I've 

always found computers to be quite a bit more logical then 

human beings. 

For an example of how we use logic in everyday life 

consider these statements:  

• If Tommy OR Bob want to play basketball then I'll 

play too.  

• It's 6 o'clock AND I'm NOT hungry therefore I'm 

going to keep playing.  

• If Mom comes out AND orders me inside OR it 

get's dark then I'll stop playing.  

Now these are pretty simple decisions especially if 

you're a ten year old boy.  You'll notice that they all involve 

three types of comparisions: AND, OR and NOT.  Now we 

could get more complex but all that we'd be doing is using 

these simple building blocks. 

In the world of automation these types of TRUE or 

FALSE conditions come down to a device being ON or OFF, 

CLOSED or OPEN, PRESENT or ABSENT, 24 VOLTS or 0 

VOLTS.  In the PLC it all boils down to our now familiar 

binary system of a 1 or a 0.  Typically having a bit ON 

represents a TRUE condition while OFF is FALSE.  This is 

abitrary though as it may make more sense to use what is 

called failsafe logic and have an ON bit as a FALSE condition. 
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Let's turn again to some simple statements but this 

time using automation examples. 

• When the button is pressed AND the door is 

closed then turn on the motor.  

• If the process is done OR the emergency stop 

button signal is NOT on then turn off the 

motor.  (This is an example of a failsafe 

operation as the emergency stop button could be 

pressed or the wire has been disconnected.  In 

either case we want to check this for safety 

reasons.  Relying on a signal to turn on when a 

wire has fallen off long ago may cause an 

awkward moment when we truly have to stop 

the machine in an emergency.)  

• If the tank is full OR the button is pressed AND 

there are no alarms then start the process.  

It would be nice to program like this but computers 

like to be a little bit more structured.  A series of graphical 

objects have been used for years to represent these logic 

elements and they can be easily converted to a common 

ladder logic equivalent.  These functions are also called 

gates as they act like gate keepers for different logic. 

 

 

 

 



 

The NOT function 

The simplest of all logic functions is the NOT gate.  

  

 
 

It's sole function in life is to invert of flip the logic 

state.  So an input of 1 will come out as a 0 and visa 

versa.  Shown below is a truth table (it doesn't lie) showing 

all possible inputs and the resulting logical output. 
  

Input A Output  

 0  1 

1  0 

  

The ladder logic equivalent for a NOT function looks 

like a normal contact but with a slash through it. 

 

  

 

 

 



 

The AND function 

The AND gate is associated with the following symbol 

that can have any number of inputs but only one output.  

  

  

The truth table below shows that the output is only 

turned on when all the inputs are true (1).  An easy way to 

remember this is AND works like multiplication. 

  

Input A Input B   Output 

 0  0  0 

1  0  0 

 0  1  0 

 1  1  1 

  

The ladder logic equivalent for an AND function looks 

like two normal contacts side by side. 

 

 



The OR function 

Last but not least the OR gate is associated with the 

following symbol that also can have any number of inputs 

but only one output. 

   

  

The truth table below shows that the output is turned 

on (1) when any of the inputs are true (1).  An easy way to 

remember this is OR works like addition. 

  

Input A Input B   Output 

 0  0  0 

1  0  1 

 0  1  1 

 1  1  1 

  

The ladder logic equivalent for an OR function looks 

like two normal contacts on top of each other. 

 



Combining AND or OR with NOT  

The NOT gate might not look like much help if you haven't programmed much but you'll find 

yourself actually using it frequently.  It's very common to use it in combination with AND and 

OR.  So the engineering gods decided to make some symbols for these combinations.   

Putting the NOT and AND gates together forms the NAND gate.  The truth table below shows that 

it is simply an inverted output of the AND gate. 

  

Input A Input B   Output 

 0  0  1 

1  0  1 

 0  1  1 

 1  1  0 

  

A little circle (or if you like, a bubble) at the end of a AND gate is used to signify the NAND 

function.  It's symbol and corresponding ladder logic are shown below.  Now pay close attention 

to the ladder logic because the contacts are in parallel and not in series like the AND function. 

 

Putting the NOT and OR gates together forms... you got it... the NOR gate.  The truth table below 

shows that it is simply an inverted output of the OR gate. 

  

Input A Input B   Output 

 0  0  1 



1  0  0 

 0  1  0 

 1  1  0 

  

Again a little circle is placed at the end of an OR gate to signify the NOR function.  It's symbol 

and corresponding ladder logic are shown below.  The ladder logic is very different from the 

regular OR gate.  

 

But wait!  Don't order yet... the XOR gate. 

So far with our logic gates we've covered almost all possible combinations except for one shown 

by the truth table below. 

  

Input A Input B   Output 

 0  0  0 

1  0  1 

 0  1  1 

 1  1  0 

  

The logic to produce this output is called an Exclusive OR gate otherwise known as the XOR 

gate.  It's a specialized form of the OR gate.  So if either one of the inputs are on then the output 

is true, otherwise you're out of luck.  The symbol for the XOR gate is shown by added a curved 

line to the OR gate symbol. 



 

The ladder logic to implement an XOR gate is a little more complex then the others.  

 

How useful is the XOR logic?  You probably use the XOR gate everyday without thinking about it if 

you have a room with a light that works off two switches.  If both switches are in the same 

position then the light will be off.  Therefore just flipping one switch will turn the light on.  In the 

PLC program this can be extremely useful for programming alternating actions or gray codes. 

Ok, there is one more logic gate but I promise it is the last one.  It makes sense that there is a 

XNOR gate which is the combination of the NOT and XOR logic.  It simply inverts the output of 

the XOR function. 

  

Input A Input B   Output 

 0  0  1 

1  0  0 

 0  1  0 

 1  1  1 

  

The symbol for the XNOR gate is shown below along with it's ladder logic equivalent. 
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Hope for the Future 

While these terms and symbols may seem a bit esoteric for the PLC beginner they are important 

in the long run.  A good grasp of these essentials will make PLC programming easier, simplier 

and save memory.  The next lesson will make this clearer when we consider Boolean algebra. 
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What are the advantages of PLC? 

ADVANTAGES  

1. Very fast 

2. Easy to change logic i.e. flexibility 

3. Reliable due to absence of moving parts 

4. Low power consumption 

5. Easy maintenance due to modular assembly 

6. Facilities in fault finding and diagnostic 

7. Capable of handling of very complicated logic operations 

8. Good documentation facilities 

9. Easy to couple with the process computers 

10. Analog signal handling and close loop control programming 

11. Counter, timer and comparator can be programmed 

12. Ease operator interface due to colourographic and advisory system 

introduction 

Flexible in Nature: 

One model of PLC can be used for different operations as per requirement. 

Easy to install and troubleshooting: 

 In hard wired relay based systems, installation time is more as 

compared to the PLC based control panels. 

Availability of Large contacts:  

PLC programming tools contain internal large number of contacts that 

can be used for any change induced in different applications. 

Cost effective:  

Advanced technology and large production of PLC makes it cheaper 

than the other controller or relay based systems. 

Simulation feature:  

PLC programming software comes with the simulation features by 

default. 

 



 

Simple programming methods:  

PLC is provided with simple programming methods to program the PLC 

like Ladder or Boolean type of programming. 

Ease of maintenance:  

As compared with the control systems like relay based or micro-

controller based systems, maintenance cost of PLC is low. 

Documentation:  

The programmer can program and print easily the programs of PLC for 

future use. 

PLC selection criteria consists of: 

 System (task) requirements. 
 Application requirements. 
 What input/output capacity is required? 
 What type of inputs/outputs are required? 
 What size of memory is required? 
 What speed is required of the CPU? 
 Electrical requirements. 
 Speed of operation. 
 Communication requirements. 
 Software. 
 Operator interface. 

 Physical environments. 

Selection and uses of PLC 

Choosing a PLC or Controller for your Process is very important as it helps in 
Cost optimization. To determine the most suitable PLC to be used in the 
automation task, there are several basic considerations to be made: 

 Necessary input/output capacity 
 Types of I/O required 
 Size of memory required 
 Speed and power required of the CPU and instruction set 
 Manufacturer’s support and backup 
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1. Number of I/O’s: 
It is very important that you know the exact number of input and output that are 
going to be used in the process for best and economical use. PLC  system must 
have enough termination points to connect all signal and control lines for the 
process. 

2. Type of I/O’s: 
On selecting PLC, we have to consider what types of I/Os are needed, such as 
digital input like Sensor, Push Buttons etc, or analog inputs like pressure and 
temperature. Just like that we consider output, digital outputs are Relay, 
Contactor, Lamp etc. or you need an Analog output like Drive and Control 
Valves. 

3. Memory and Programming Requirements: 

Memory size is normally related to the amount of I/O points required in the 
system. The other factor that affects the amount of memory required is the 
control program that is to be installed. 

Program size is also related to the number of I/O points since it must include 
instructions for reading from or writing to each point. 

4. Compact or Modular PLC : 

PLC can select between modular and compact types, modular type allows us to 
design the PLC for our purpose and which has Power supply and controller in 
different housing while Compact Type PLC are those which has Power supply 
and controller in the same housing. 

5. Instruction Set/CPU: 

All PLC handle logic control, sequencing, etc, but difference in the area of data 
handling, special functions and communications. Larger programmable 
controllers tend to have more powerful instructions than smaller ones in these 
areas. 

6. PLC Scan Time: 

PLC scan time is a time needed for PLC to completely Scan one cycle of PLC. It 
may consist of reading PLC input status, clearing PLC memory, Executing the 

https://forumautomation.com/c/plc-programmable-logic-controllers


PLC program and updating the Output. It is sometimes needed PLC with less 
scan time but it finds costly. 

7. Sinking & Sourcing PLC: 

Making a PLC at the source in Input or causing a PLC to sink into the input 
depends on the user’s requirements for the PLC to be chosen in that way. Some 
PLCs can support both sink and source  input and output. 

8. Manufacturer’s Support and Backup: 
Before choosing a PLC from a manufacturer, it should be considered the 
manufacturer’s assistance and service provided. It is a great advantage if the 
supplier/manufacturer can offer assistance with the system design work. 
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