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ABSTRACT 

Production process has become easier with PLC use in today's industry. PLC technologies 

offer a wide variety of features including, advanced programming techniques, special 

communication capabilities, flexible automation solutions and many other important features. 

Today's PLCs offer faster scan time; ergonomical structure with space efficient, power saving 

design and large number of inputs/outputs. 

Modem PLC technology offers communication with other control systems; it also provides 

recognition of failures and diagnosis of errors and special communication protocols for PLC­ 

field devices interface. 

In this project, conveyor system automation is realized with 12VDC motors, signal 

lamps, start/stop buttons and 24VDC diffuse reflective type photoelectric sensors. Therefore, 

CPU 212 8 inputs, 6 outputs (24VDC input/output type) PLC is used depending on the types 

and the number of inputs/outputs. 

Conveyor System is performed and the indicator lamps, DC motors and sensors are 

operated physically with industrial considerations using the Programmable Logic Controller 

(PLC). DC motors are driven and controlled by 24VDC type relays. 
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INTRODUCTION 

Industrial Revolution has played a vital role in human life and it changed human 

perspective towards the world. Human expectations, needs, ideas, relations, life style, etc. 

have changed. Easy, quick, economic, ergonomic, portable and smart things have become 

popular all over the world. Technology was commented as an answer to human 

expectations and a huge market for trade. 

Production Management and Quality Control has become the most important concern to 

increase in productivity and reduce the unit cost of a product. 

Flexible systems are being replaced with bulk, complex and expensive systems. Imagine an 

automobile production factory where hundreds of cars are being produced and many 

sequential processes are required in production period. Production failure is a fatal error 

and for every second, company is loosing money because workers are employed but they 

cannot perform their tasks and orders are not prepared on time. Usually, problems are not 

simple. It is not easy to find the problem in a very complicated system. For example, a 

problem occurred in the robot arm of a conveyor belt. This robot signal flows and electrical 

energy transfer is distributed/controlled by a control panel. The problem may be related 

with internal part of robot or it may be energy failure or any other reasons. Imagine 

problem is determined. Signal transfer fails and it does not appear in the robot arm. It is so 

hard where the cable is broken or which cable is broken. 

A Programmable Logic Controller (PLC) unit is a very nice device for control applications. 

It offers a flexible structure which enables the user to enter his/her defined programs to run 

in PLC. It takes few minutes to change the system parameters or the system itself. The 

operator does not deal with cables and connections too much but deals with program and its 

behaviors (reaction) to the system. 
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Another advantage of PLC, it offers many features (timers, counters, interrupts, 

arithmetic& logic operations etc.). The Operator can construct very complex systems easily 

(compare to classical control system combined with electromagnetic switches). 

For example, a workman can break the concrete with a hammer in half hour or with a drill 

hammer within few minutes. 

PLC's are widely used in industrial places, factories, hotels, art galleries etc. where the 

physical values such as pressure, temperature, humidity, etc. are very important during 

production process or for the environment conditions. In an art gallery, humidity is a very 

important thing because priceless paintings can be exhibited to the visitors and thus 

humidity can destroy these paintings (human effect on humidity in the air) if the humidity 

is not measured and controlled in short time intervals. A PLC makes the control of these 

physical parameters by sensing them with special sensors. 

The Project Consists of Three Chapters, Conclusion, Appendix and Reference. 

Chapter- I presents the description of PLC, the types of PLC and the use of PLCs 

Chapter-2 presents PLC structure, PLC Communication Protocols, PLC Programming and 

Programming Examples. 

Chapter-3 presents the hard-wired control systems with examples, industrial control 

devices, commercial sensors and their applications including the other electronic devices 

and units used in conveyor carrying system prototype. 

vii 



CHAPTER ONE 

PLCs and PLC TYPES 

1.1 What is a PLC? 

A programmable logic controller, also called a PLC or programmable controller, is 

a computer-type (microprocessor based) electronic device which consists of 

integrated circuits rather than electromechanical devices, performs control 

functions in an industrial environment. PLCs include a programmable memory unit 

allocated to perform special functions such as logical, arithmetical, timing, 

counting, and sequencing operations with internal and external communication 

through digital or analog input/output modules to control industrial machines or 

process. Conveyor systems, food processing machinery, textile machinery, 

pharmaceutical products machinery, auto assembly lines, PID control applications, 

physical qualities control (temperature, pressure, humidity, etc.) packaging and material 

handling are samples of PLC usage in today's world. 

Lights 

Pushbutton 
:3v·,•itches 

Figure 1.1 PLC application scheme 
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1.2 PLC History 

In the late 1960's PLCs were first introduced. The primary reason for designing such a 

device was eliminating the large cost involved in replacing the complicated relay based 

machine control systems. Bedford Associates (Bedford, MA) proposed something 

called a Modular Digital Controller (MODICON) to a major US car manufacturer. 

Other companies at the time proposed computer based schemes, one of which was 

based upon the PDP-8. The MODICON 084 brought the world's first PLC into 

commercial production. 

Early machines were controlled by mechanical means using cams, gears, levers and 

other basic mechanical devices. Later, control system contained wired relay and switch 

control elements. These elements were wired as required to provide the control logic 

necessary for the particular type of machine operation. This was acceptable for a 

machine that never needed to be changed or improved. When production requirements 

changed so did the control system. This becomes very expensive when the change is 

frequent. Since relays are mechanical devices they also have a limited lifetime which 

required strict adhesion to maintenance schedules. Troubleshooting was also quite 

tedious when so many relays are involved. Machine control panels are usually included 

many, possibly hundreds or thousands of individual relays. 

The size could be out of concern but complicated initial wiring of so many individual 

devices! These relays would be individually wired together in a manner that would yield 

the desired outcome. Were there problems? Who knows? 

These "new controllers" also had to be easily programmed by maintenance and plant 

engineers. The lifetime had to be long and programming changes easily performed. 

They also had to survive the harsh industrial environment. The solution was to use a 

programming technique most people were already familiar with and replace mechanical 

parts with solid-state ones. 

In the mid70's, the dominant PLC technologies were sequencer state-machines and the 

bit-slice based CPU. The AMD 2901 and 2903 were quite popular in Modicon and A-B 

PLCs. Conventional microprocessors lacked the power to quickly solve PLC logic in all 

but the smallest PLCs. As conventional microprocessors evolved, larger and larger 

PLCs were being based upon them. 
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However, even today some are still based upon the 2903.(ref Allen Bradley's PLC-3) 

Modicon has yet to build a faster PLC than their 984A/B/X which was based upon the 

2901. 

Communications abilities began to appear in approximately 1973. The first such system 

was Modicon's Modbus. The PLC could now talk to other PLCs and they could be far 

away from the actual machine they were controlling. They could also now be used to 

send and receive varying voltages to allow them to enter the analog world. 

The 80's saw an attempt to standardize communications with General Motor's 

manufacturing automation protocol (MAP). It was also a time for reducing the size of 

the PLC and making them software programmable through symbolic programming on 

personal computers instead of dedicated programming terminals or handheld 

programmers. Today the world's smallest PLC is about the size of a single control relay! 

The 90's have seen a gradual reduction in the introduction of new protocols, and the 

modernization of the physical layers of some of the more popular protocols that 

survived the 1980's. The latest standard (IEC 1131-3) has tried to merge PLC 

programming languages under one international standard. We now have PLCs that are 

programmable in function block diagrams, instruction lists, etc. 

1.3 Why Use PLCs 
The soft wiring advantage provided by programmable controllers is tremendous. In fact, 

it is one of the most important features of PLCs. Soft wiring makes changes in the 

control system easy and cheap. If you want a device in a PLC system to behave 

differently or to control a different process element, all you have to do is change the 

control program. In a traditional system, making this type of change would involve 

physically changing the wiring between the devices, a costly and time-consuming 

endeavor. 

In addition to the programming flexibility we just mentioned, PLCs offer other 

advantages over traditional control systems. 

These advantages include: 

• Being solid state 

• High reliability 

• Simplicity of programming 
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• Small space requirements 

• Very short response time 

• Microprocessor based control 

• Programmable memory 

• Computing capabilities 

• Communication availability (PLC-PC with RS232 or RS485 or USB protocols) 

Modem PLCs can be controlled remotely by TCP/IP protocol through internet 

via special softwares. It is also possible to access PLC data through internet 

• Software timers/counters 

Reduces hardware/wiring cost and space requirements and decreases the 

frequency of connection errors i.e., electrical arc, disconnection between devices 

• Modular I/0 interface 

• Human machine interface with optional visual control unit 

• Easy maintenance, wiring and high MTBF(Mean Time Between Failures) 

• Reduced costs 

• Ability to withstand harsh environments 

• Expandability 

In a traditional system, all control devices 
are wired directly to each other 

••• In a PLC system, all control devices 
are wired to the PLC 

Figure 1.2 PLC and hard-wired systems comparison 

1.4 Types of PLC 

PLCs can be classified into two groups according to their internal arrangement. 

Compact PLCs and Modular PLCs. Below are given the necessary explanation for both 

PLC types. 
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1.4.a Compact PLCs 

Compact PLCs are manufactured as all the units of PLC take place in the same casing. 

They generally have less memory and accommodate a small number of inputs and 

outputs in fixed configurations with less prices. They are ideal in small industrial 

applications. There is also high capacity compact PLCs manufactured from different 

producers. 

1.4.b Modular PLCs 
In Modular PLCs, the units are separated (not on-board) and these units are combined 

and connected to each other to form a single PLC system. They can have different 

memory capacity, I/0 numbers, power supply up to the necessary limits. Below are 

given a modular PLC and its features manufactured by IDEC Inc. 

Figure 1.3 Idec FA3S Modular PLC (IDEC Inc.) 

Idec F A3S Modular PLC Key Features: 

• Four CPUs available 

• 0.3-0.6 ms per basic instruction 

• 1 to 8K program memory 

• Supports up to 256 I/0 

• Built in ASCII communications 

• Interrupt and high speed I/0 

• Fiber optic remote I/0 

• Expansion RS232 communication ports 
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• Data link network with FA-NET RS485 

• Data acquisition 

• Special modules are available for data communication, fiber optic remote I/0, 

interrupt processing 

1.5 PLC Configurations and Selection 
There are many kinds of PLCs with different features and capacities from different 

manufacturers. Choosing correct type of PLC is vitally important for every programmer. 

Otherwise, it will waste the money unnecessarily and selected PLC model will not be 

used in desired applications. The following criteria should be considered for selecting 

a suitable and correct type of PLC: 

1) Whether PLC will be used in fixed or various types of applications? 

a) Fixed applications - Compact PLC 

b) Expandable and various applications - Modular PLC 

2) How many I/0 modules range is suitable for the applications? 

a) Up to 32 I/0 ports - Micro PLC 

b) Up to 128 I/0 ports - Small PLC 

c) Up to 1024 I/0 ports - Medium PLC 

d) Up to 4096 I/0 ports - Large PLC 

3) What kind of input/output and PLC feed powers you need in your control system? 

For instance, 24VDC Power Supply/ 24VDC in/ 24VDC out or 

24VAC/24VAC/24VAC type or 240VAC/24VDC/ 24V Relay type etc. 

4) Do your applications need PID functions, thermocouple output etc. in the PLC? 

5) How much memory is needed for PLC program and user data? 

6) Does your PLC control system need special communication configurations such as 

DeviceNET, Profibus, Control Net and Ethernet Option Modules? 
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7) Does your PLC system need Real Time Clock, high speed counters, mathematical 

functions( addition, subtraction, multiplication, division, square root, double 

precision, floating point, cosine functions), hardware input interrupts etc. 

1.5.a Micro PLCs 
Micro PLCs are designed and manufactured for the applications that need limited 1/0 

units and minimum PLC configurations. They are widely used in conveyor systems, 

industrial machines control, etc. Some micro PLCs have high speed counters built in 

casmg. 

Figure 1.4 DL-06 Micro PLC (Direct Logic Inc.) 

DL -06 Micro PLC Features: 

• 20 inputs I l 6 outputs 

• 16-bit processor 

• 14.8 Kbytes of total memory 

• 229 instructions, including 8 PID loops 

• Expandable up to 100 1/0 

• PID capability, high-speed counting, floating point number handling 

• Integrated high-speed inputs and pulse output 

• ASCII in/out 

• Thermocouple input 

• Built-in real-time clock/calendar 

• Two communication ports, including RS232/ 422/ 485 capability 
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• Supports networking for MODBUS RTU master/slave, RTD temperature 

input, a DeviceNET slave option module, an Ethernet option module, and a 

Profibus slave module 

(NOTE]: Only one high-speed 1/0 feature may be in use at one time. You cannot use a 
high-speed input and the pulse output at the same time.) 

1.5.b Medium PLCs 
Medium PLCs have a few hundred I/0 units where the application or control process 

needs high capacities and special communication protocols. Medium PLCs are mainly 

used in traffic light controls, traffic guidance systems, sewage treatment plants, climate 

controlled warehousing, transportation systems, mining industry, chemical plants, 

material handling and packaging etc. Below are given Omron CH-Medium PLC key 

features. 

Figure 1.5 Omron CJl Medium PLC (Omron Electronics) 

Omron CJl- M Series PLCs Features: 

• 120K words programming capacity 

• up to 256K words data memory 

• 20 - 40 nanosecond execution time 

• up to 2560 local 1/0, up to 3 racks 

• CompoBus/S, RS-232C, 422/485, Ethernet, DeviceNet, ControllerLink, 

Profibus-DP, Protocol Macro. 

• Rack-less design eliminates the need for a PLC rack, simplifying configuration 

and lowering system costs 

• Flash Memory Cards store up to 64 MB for easy program transfer and data 

storage 
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1.5.c Large PLCs 

Large PLCs are used in complicated, huge control systems which needs data 

manipulation, data acquisition, reporting, etc. Large PLCs have extremely high 

capacities, special communication protocols, PID modules, Math capabilities, extended 

data handling, fast speed processing etc. Large PLCs are typically used in Plant 

Engineering applications such as nuclear plants, chemical plants, etc. 

Figure 1.6 ControlLogix Series PLC 

ControlLogix Series PLCs Features: 

• Multiple processors 

• 750K to SM bytes with non-volatile options available 

• Up to 128,000 digital or 4,000 analog I/0 points with a wide range of digital, 

analog, and intelligent I/0 modules 

• Local and remote I/0 

• Tag-based addressing 

It means you no longer have to worry about specific memory addresses. Logix 

automatically creates the memory structures required for status and diagnostic 

information for instructions and I/0 modules 

• EtherNet/IP, ControlNet, DeviceNet, Universal Remote I/0, DFl I DH-485, 

DH+, RS-232 links, and other networks 

• N etLinx open network 

It helps to save system design and programming time and needs less hardware 

because gateway controllers are not needed 
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• Integrated motion control 

It eliminates the need to create special programming to communicate, 

coordinate, and synchronize motion and sequential control among multiple 

axes of motion.) 

• Drum timers and sequencers 

• Timers/counters/shift registers 

• Subroutines and interrupts 

• Machine diagnostics 

• Enhanced data handling ( compare, data conversion, move register/file, matrix 

functions, block transfer, binary table, ASCII table, LIFO, FIFO) 

• Math operations (Addition, subtraction, multiplication, division, square root, 

double precision, floating point, cosine functions) 

• ViewAnyWare visualization products 
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CHAPTER TWO 

PLC INTERNAL STRUCTURE 
& 

PROGRAMMING TECHNIQUES 

2.1 How a PLC Operates? 
A programmable controller operates by checking its inputs and running the program 

according to the states of inputs and results of the output continuously. Programmable 

controller performs this operation using basic sections: 

• The central processing unit 

• The input/output interface system 

• Memory 

• Power supply unit 

• Communication Unit 
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Figure 2.1 PLC Internal Structure Block Diagram 
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