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ABSTRACT 

PLC (Programmable Logic Controllers) is a thing that programmable with computer 

support to take more efficiency from time and workers. It it divided into two parts. Hardware 

and software. 

The hardware are parts of machine those are CPU, I I O device and programming 

device. CPU is basic microprocessor system and it carries out as control-sensors, counters, 

timer functions. CPU carries out stored user program in memory will input information from 

various sensor circuits and can suitable output to commands and control circuits. There are 

command which are mathematics process that are comparator processes. These are the main 

function and feature of software part of PLC. 

My project is Automatic Car Wash System with PLC. I must used Compact Type 

PLC for this system, and the material expences for PLC (Siemens lOOU); 944 euro , and for 

sensors; 24 euro. 
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INTRODUCTION 

In the late I 960'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 (MODJCON) 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 

MOOICON 084 brought the world's first PLC into commercial production. 

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. Now picture a 

machine control panel that included many, possibly hundreds or thousands, of individual 

relays. The size could be mind boggling. How about the complicated initial wiring of so many 

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

yield the desired outcome. 

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. That's a lot to ask! The answers were 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-8 

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. However, even today some are still based upon the 2903. Modicon 

has yet to build a faster PLC than there 984AIB/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 analogue world. Unfortunately, the 

V 



lack of standardization coupled with continuaily changing technology has made PLC 

communications a nightmare of incompatible protocols and physical networks. 

'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 e PLC 

and making them software programmable through symbolic programming on personal 

computers instead of dedicated programming terminals or handheld programmers. 

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 

l 980' s. The latest standard (TEC 113 1-3) has tried to merge p le-pro gram ming languages 

.dcr one international standard. We now have PLCs that are programmable in function block 

diagrams, instruction lists, C and structured text all at the same time! PC's are also being used 

to replace PLCs in some applications. The original company who commissioned the 

MODICON 084 has actually switched to a PC based control system, 

Vl 



CHAPTER ONE 

1. WHAT IS PLC 

A programmable logic controller (PLC) is a device that was invented to replace the 

necessary sequential relay circuits for machine control. The PLC works by looking at its inputs 

and depending upon their state, turning on I off its outputs. The user enters a program, usually 

via so ftware, that gives the desired results. 

PLC' s are used in many real word applications. If there is industry present, chances are 

gGi:-'"' bat there is a PLC present. If you are involved in machining, packaging, material handling, 

automated assembly or countless other industries you are probably already using them. If you are 

not, you are wasting money and time. Almost any application that needs some type of electrical 

controrhas a need for a PLC. 

For example, Jet's assume that when a switch turns on we want tum a solenoid on for 5 

seconds and then tum it off regardless of how long the switch is on for. We can do this with a 

simple external timer. But what if the process included 10 switches and solenoids? We would 

need l O external timers. What if the process also needed to count how many times the switches 

individually turned on? We need a lot of external counters. 

As you can see the bigger the process the more of a need we have for a PLC. We can 

simply program the PLC to count its inputs and turn the solenoids on for the specified time. 

This site gives you enough information to be able to write programs far more 

complicated than the simple one above. We will take a look at what is considered to be the' top 

20' PLC instructions. It can be safely estimated that with a firm understanding of these 

instructions one can solve more than 80 % of the applications inexistence. 



1.1. THE TYPES OF PLC 

In general, PLC divides to three sections; 

*Central Processing unit(CPU) 

*The input/output section 

"The programming device 

Button 

h191i& Switch ~ =/ Senter " t 
I 'P 
u 
t e 

Figure 1.1 PLC sections 

(CPU), PLC system and there are various logic circuit gates. CPU is basic 

microprocessor system and it carries out as control relay, counter, timer functions. CPU carries 

out user programs stored in memory and read input data from various sensor circuits and can 

send suitable outputs to commands and to control circuits. 
Direct current power supply must be used for the low level voltage that these are using 

in processor and I/0 models. This power supply is a part of CPU. PLC system is independent in 

its structure and also it can be dependent to its system. 
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l/0 system forms can be connected to controller by other devices. The aim of interface 

is to send various signals and to take situations to external devices. The output devices for 

example, motor starters, solenoid valves, indicator lights connected to terminals on the output 

module. 
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Figure 1.2 In the same structure CPU with PLC I I O unit 

Between processor and I I O rack communication different connection cable are 

permitted. This condition is as the following Figure 1.3 . 
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Figure 1.3 Between processing I I O Racks communication 

VO units each input/output has a special address. These addresses are known h- the 

processor. To connect output/input an element with 110 or separating is very easy and quick. 

Furthermore to change with an another module is very easy. ON/OFF condition of 110 circuit 

each module shows with light. Many output modules have rubbish fuse indicator. 

i) Different I I O units: 

Many output I/0 units are from this type and most useful is interface module. This type 

interface provides to link of inputs as selector switches push buttons and limits switches. 

However, output control lights small motor solenoids sensor and motor starters limit it. Which 

have ON/OFF contacting control. Each different l/0 module takes its power from common 

voltage sources. These voltages can be different size and type. These are showed in the following 

table. 
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Input lmerface Oucpur Interface 

24Vac/dc 12-48 Vac 

48Yac/dc 120 Yac 

120 Yac/dc 230 Yac 

230 Yac/dc 120 Vdc 

SV de (TTL level) 230 Vdc 

5 V de (TTL level) 

Logic .- -· ..•. --~ 
,.,...,/ 

1----\ I .,-, 
! 

lnpui 
(210 V ac)SignaJ 

'·--i Li~--- 

Zaner 
. Diode 
J Leval 
~te<.:to:r 

.......... r 
• • i 
: Iml,~ : ........... , .. 

Logic 

,_ ,.. 

Figure 1.4 AC input interface block diagram 

Shows that entries block diagram for an alternative current to input module. 22ut circuit 

compose of to main section as power and logic section. 
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Figure 1.4 and 1.5 shows figural diagram of Ac input module for input, also figure 1.6 

shows connect terminal. When push button shuts down, bridge type treatment exercise 220V AC 

.oltage from R, and R2 resistance's. Zener diode (ZD) voltage limit regulates according to low 

vel voltage. When light come to processor from led with phototransistor that means low When 

ight come to processor from led with phototransistor that means low level voltage (SV'dc) is 

transmitted. Optic isolator separates high AC voltage from logic circuits also protects to 

rocessor from damages, which comes from temporary line voltage change. Furthermore. optic 

isolator protects to processor from effect of electrical noise. Kuplaj and isolation can be created 

with using a pulse transformation. 

Kuplaj and isolation can be created with using a pulse transformation. 
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i 2:.?0 V ld 
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Figure 1. 7 Typical a block diagram of output interface module 

Figure 1. 7 shows typical a block diagram of output interface module. Also output 

module, as input module, composes of two departments such as power and logic. Device in 

utput is controlled by the 5V comes from logic unit. In this unit, processor sets output 

onditions. When processor, led, in optic isolator, distributing light exercises an output voltage 

-v, de), however, phototransistor is switching and conducting. This means that to detect and 

conduct of triac, and lamp, that uses as output element, turn on ON condition. When led in logic 
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unit tum off. logic become O condition and phototransistor cannot conduct. If a DC device in 

utput will be controlled, it is carried with circuit. 

PLC device will not be damaged from optic isolation that will be from power 

department. If many high fast ON-OFF is necessary, in right current transistor and also 

alternative current triac circuits are used. Current cannot pull on PLC from output modules. 

Maximum current capacity of each device exists in their catalogs of that model. 

In high currents instead of triac or other effect elements, standard relay must use as 

table 6. There are output/input unit as analog/digital translator (ADC) and digital/analog 

translator (DAC) that it is necessary for feedback control exercises in PLC devices. 
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Figure 1.8 Simplified circuit of an AC output module 
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Figure l:f\-.:,ymbols of output control circuit 

ii) Analog input/output unit (110 modules): 

First produced PLCs only had been limited with separate 110 interfaces which had been 

allow to link to ON/OFF device. Because of this limitation many of processing exercises could 

be as part controlling by PLC. Also in days PLCs included analog interface and separate ( 110) 

input/output interface, which carries out practically many of control process. An analog input 

module takes analog current and voltage that is taken off analog input and it changed to digital 

data form by an Analog Digital Converter (ADC). In this condition turning levels are shown as 

12-bit binary or 3 digit BCD that is rates with analog signal. Analog sensor elements are 

transducers as heat, light, velocity, pressure, and wet sensors. All these sensors can be linked to 

analog input 

Analog output interface module takes digital data from processor, charges rate with 

voltage and current and controls a device as analog. As a whole digital data passes from 

Digital/ Analog output device are small motors, valves and analog measure devices. 
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iii) CPU (Central Processing Unit): 

Central Processing Unit provides to communicate between power supply and processor 

memory modules. In figure 1.2. b it can find covered both of two units. 

CPU statement is often used as mean of processor statement. Processor-memory creates 

a big unit of CPU, which is programmable brain of controller. In this unit, there are 

microprocessor, memory chips, information reading and request data from memory, 

programming device and communication circuits. which is necessary for processor. 
Development of PLC is parallel with increasing especially of CPU. in our day PLC 

systems carry out logic processing furthermore they have some especially such timer, counter, 

data storing, main addition-subtraction, multiplication-division processes, compare processes. 

code converter processes. 

l 
Meau,cy j - ~~- 

1, ..•..•. 

~r 
~ -, 

1 
• .J 

...-) Simplias o:f CPU Shuctura 

.,._~ply 

/ l.< -v 
CPU 

Figure t .l 2 CPU; the elements of central processing unit a) the structure of simplified 
CPU, b) power supply unit different from CPU 
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P rocessor -[VI em ory !\11 od ule: 

CPU is 1he brain o t programmable of controller and a big part or CPU family forms 

·~.rm processor memory unit. i his module cover rrucroprocessor, memory chips prograrnrmng 

,icvi(;e and necessarily communication circuits for processor interface. 

f urtncrmorc processor carries out other functions. For example. it carries out timer. 

counter. compare. keeper and addition. subtraction. multiplication and division functions, which 

arc lour main functions of mathematics. 

r.z, lviEMORY DESIGN 

Memory is used to store data This stored information is related with which output sign 

will be store as, which shows input, and the structure of program necessary amount of memory. 

lt stores special information par'v which is named as memory bit. l byte 8 bit, l024bytc 

I kbyte and the number of memo~pacity is stated these units. 

The memory types are divided into two groups; 

The first group: the energy of power supply is cut that supplied memory, it means that 

memory had been erased. Also second group: hide information cannot lose if the energy is cut. 

But to change of includes of those types of memories, there is a necessary a special system. 

i) I. Group Memories: 

First group memories are Random Access Memory (RAM) and Read/Write (RJW). In 

these types memories if the energy is cut, the information is lost. If RAM is supplied program 

can be stored by battery that battery is in PLC device. When battery energy finishes, program 

will be erased. 

ii) U. Group Memories: 

Ir is Read Only Memory (ROM). The type memory can be erased and programmable. It 

is divided four into groups; 

!) PROM (Programmable Read-Only Memory): it is a special type of ROM. 
PROfvl memory allows to writing of information in chip, these information arc provided or there 
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were at the beginning. The information can be written into ROM only one time. 

The main disadvantage of PROM is no erasable and no Programmable. In PROM 

programming is doing as dissolve and pluck logic, for this reason., the erasing of erasable 

connections is process that there is no to turn back. For this reason, firstly ail mistake control 

process must be finished. 

2) EPROM (Erasable Programmable Read-Only Memory): this type is the 

rm .. -rnory type that is used in PLC devices. Written programmable firstly. is store in EPROM 

memory and is sent central processing unit. 

3) EAR.OM (Electrically Alterable Read-Only Memory): It is like EPROM 

memory, but to erase and ultraviolet light supply is not necessary. EAROM chip to dean by 

erasing, an eraser voltage is exerciserr-to suitable pin. When chip erases one time, it can be 

programmed again. 

4) EEPROM (Electrically Erasable Programmable Read-Only Memory): ln 

EEPROM memory type, when energy is cut, information cannot lose as EPROM. Special device 

is not necessary in writing and erasing processing. EEPROM or EPROM memories that are 

mounted to PLC make runs as stored program into records. 

Data table stores information's, that are necessary to carry to the program, which 

includes information's such as output and input conditions, timers, and counter results and data 

records. Includes of table is divided two /groups as conditions data and numbers (or codes) 0 and 

l conditions are UN/OFF conditions of information that records the place of bit. Data table is 

divided 3 sections. Input view table stores the condition of digital input that relations input 

interface circuits. As ON/OFF condition, in this unit results of input are stored as zero (0) or one 

1}. 

Output view memory is order of bits that control the digital condition of devices which 

mks interface of output. The logic conditions of output units are stored in this memory and it is 

· en from this logic level memory and transfers to output unit. 
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1.3. PROGRAMMING DEVICES 

The most important one of features of programmable controller is to have programming 

elements, which are useful. Programming device provides transformation between operator and 

circuit of controller. (Fig. 1.13) 

/, ·1· (// f'l'O.-;T°tU'" ln.V'W'I~/ 

roor/, I / 
,;:~) 

-~ 
..J.,. I .•. I I Men'IOry 

I ,. 
d l__.1 "' "' ~ I 

CPU 
t'wi' ~- 

.. 

0 :IC f-- ~) r ~ -+I l",. 
" l 

" j (ii) 
I 

J 
Figure 1.13 Transformation of PLC Circuits 

Programming terminal relation between PLC memory and monitor. User sends 

programming device and PLC control program to device. 
Generally, industrial CRT terminals in many devices are used for programmable 

controllers. These terminals include indicator units, keyboards and CPU and they provide to 

communicate necessary order. The advantage of CRT is to check program is easily on monitor. 

In small PLCs programming is used cheap, moveable, small and mini programmable 

devices. The monitor of this type of programming monitor is liquid -rvstal screen instead of 

CRT tube, which name LCD. On mini program there are LCD monitor program coding keys and 

special functions keys. F A2 of programming device DEC FA 1 Junior module is shown at table 

1.14 

j 5 



FA-2PROGRAMMABLECONTROLLER 

1 
I 968 LOD T 2~ PROGRAM U)Al)'ER 

Figure l.14 Programming Device of IDEC FA-1 PLC 

16 



CHAPTER T\VO 
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SYSTElVI 

2.1 FEASIBILITY STUDY 

Under certain circumstances an initial feasibility study may be suggested or warranted, 

prior to any decision on what solution will be adopted for a particular task. The feasibility study 

may be carried out either by in house experts or by external consultants. Otten an independent 

specialist is preferred having few or r- •ies to specific vendor equipment. 
-~ 

The scope of such a study can-vary enormously, from simply stating the feasibility of 

the proposal through to a comprehensive case analysis with complete equipment 

recommendations. Typically though, a feasibility study of this nature encompasses several 

specific areas of investigation: 

(i} economic feasibility, consisting of the evaluation of possible installation and 

development costs weighed against the ultimate income or benefits resulting from a developed 

svstem; . ~ 

(ii) technical feasibility . where the target process and equipment are studied in 

terms of function . performance and constraints that may relate to achieving an acceptable system; 

(iii') alternatives . with an investigation and evaluation of alternative approaches to 

the development of the acceptable system. 

Area (i) economic feasibility and worth, can only be addressed fully once the result of 

areas (ii) and (iii) are available , with estimated costing, and direct I indirect benefits being 

considered. Area (ii) is detailed in the following sections, with background information for area 

(i) usually being compiled through liaison with company personnel. The achievement of a 

complete technical proposal requires us to know what the present and future company needs are 

in terms of plant automation and desired information systems. 
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Once the control function has been accurateiy defined a suitable programmable control 

system has to be chosen from the wide range available. Following the identification of a suitable 

PLC work can begin on aspects of electrical hardware design and so llware design. 

2.2 DESIGN PROCEDURE FOR PLC SYSTEM 

Because the programmable controller is based on standard modules the majority of 

hardware and software design and implementation can be carried out independently of. rut 

concurrently with, each +ther. 
•... ~ 

Developing the hardware and software in paral.lel brings advantages both in terms of 

saving time and of maintaining the most flexible an adaptable position regarding the eventual 

system function. This allows changes in the actual control functions through software, until the 

final version is placed in the system memory and installed in the PLC. An extremely important 

aspect of every design project is the documentation. 

Accurate and up _ to _ date documentation of all phases of a project need to be fully 

documented and updated as the job progresses through to completion. This information will form 

part of the total system documentation, and can often be invaluable during later stages of 

commissioning and troubleshooting. 

i) Choosing a programmable controller 

There is a massive range of PLC systems available today with new additions or 

replacement continually being produced with enhanced features of one type or another. 

Advances in technology are quickly adopted by manufacturers in order to improve the 

performance and market status of their products. However, irrespective of make . the majority of 

PLC s in each size range are very similar in terms of their control facilities. Where significant 

differences are to be found is in the programming methods and languages . together with differing 

standards of manufacturer support and backup. 'Ibis latter point is often overlooked when 

choosing a suitable make of controller, but the value of good reliable manufacturers assistance 

ca. n not be overstated both for present and future control needs. 
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ii) S1ze and type of PLC system 

This may be decided in conjunction with the choice of manufacturer, on the basis .hat 

more than one make of machine can satisfy a particular application. but with the ast choice of 

equipment now available the customer can usually obtain similar systems from several original 

equipment manufacturers (OEMs). Where the specification requires certain types of function or 

input I output it can result in one system from a single manufacturer standing out as far superior 

r cost effective than the competition but this is rarely the case. Once the stage of deciding 

actual size oft'""'; PLC system is reached there are several topics to be considered: 
-~ 

• necessary input / output capacity; 

• types of I I O required; 

• size of memory required; 

• speed and power required of the CPU and instruction set. 

All this topics are to a large extent interdependent with the memory size being directly 

tied to the amount of 1 I O as well as program size. As the l I O memory size rises this takes 

nger to process and requires a more powerful. faster central processor if scan times are remain 

acceptable. 

"The I I O sections of a PLC system must be able to contain sufficient modules to connect 

ll signal and control lines for the process. These modules must conform to the basic system 

specifications as regards voltage levels, loading, etc., 

• The number and type of I /0 points required per module; 

• Isolation required between the controller and the target process; 

• The need for high speed I IO or remote I I O or any other special facility; 
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iii) I I O requirements 

The l I O sections of a PLC system must be able to contain sufficient modules to 

connect all signai and control lines for the process. These modules must conform to the basic 

system specifications as regards voltage levels, loading, etc., 

The number and type off IO points required Per module; 

Isolation required between the controller and the target process; 

The need for high speed I I O . or any other special facility; 

Future needs of the plant in terms of both expansion potential and installed spare 
. ........___ 

I IO points. 

Power supply requirements of l IO points is an on board PSU needed :c- drive 

any transducer or actuators? 

In certain cases there may be a need for signal conditioning modules to be included in 

the system, with obvious space demands on the main or remote racks. When the system is to be 

installed over a wide area, the use of a remote or decentralized form of I I O working can give 

significant economics in cabling the sensors and actuators to the 

iv) Memory and programming requirements 

Depending on the type of programmable controller being considered, the system 

memory may be implemented on the same card as the CPU, or alternatively on dedicated cards. 

This ladder method is the more adaptable, allowing memory size to be increased as necessary up 

to the system maximum, without a reciprocal change in CPU card. 

As stated in the previous section, memory size is normally related to the amount of o 

points required in the system. The other factor that affects the amount of memory required is of 

course the control program that is to be installed. The exact size of any program cannot be 

defined until of the software has been designed, encoded, installed and tested. However, it is 

possible to accurately estimate this size based on average program complexity. A control 

program with complex ,lengthy interlocking or sequencing routines obviously requires more 

memory than one for a simple process . Program size is also related to the number of 110 points . 

since it must include instructions for reading from or writing to each point. Special functions are 
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required for the control task may also require memory space in the unit PLC memory map to 

allow data transfer between cards. Finally additional space should be provided to allow for 

changes in the program, and for future expansion of the system 

There rs often a choice of available memory type - RAM or EPROM. The RAM form 

is the must common, allowing straightforward and rapid program alterations both before and 

after the system is instaUed. RAM contents are made semipermanent by the provision of battery 

···backing on their power supply. RAM must always be used for l I and data functions, as these 

involve dynamic data. 

EPROM memory can be employed for program storage only, and requires the use of 

special EPRO!vteraser I programmer to alter the stored code. The use of EPROMS is ideal where 

several machines are controlled by identical programmable controllers inning the same. 

However until a program has been a fully developed and tested RAM storage should be 

used. 

As mentioned in earlier chapters, microcomputers are commonly used as program 

development stations. The large amounts of RAM and disk storage space provided in these 

machines allows the development and storage of many PLC programs .including related text and 

documentation. Programs can be transferred between the microcomputer and the target PLC for 

testing and alteration. EPROM programming can so often be carried out via the microcomputer. 
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Controi progr11m rnernorv 

Spacial function tables 
+ 

Soace for changes and 
future expansion 

tal 

Figure 2.1 a) PLC memory requirements for different tasks. 

b) Custom EPROM programmer for a Mitsubishi F series PLC 

v) Instruction set I CPU 

Whatever else is left undefined, any system to be considered must provide an instruction 

set that is adequate for the task. Regardless of size, all PLCs can handle logic control, 

sequencing, etc. Where differences start to emerge are in the areas of data handling, special 

functions and communications. Larger progranunable controllers tend to have more powerful 

instructions than smaller ones in these areas, but careful scrutiny of small I medium machines 

can often reveal the capability to perform specific functions at surprisingly good levels of 

performance. 

22 



'U~lB,l~O 

roromuoo / At?l;J.l .10 srums prco JO fill!)J::l;)lp 1uns!A Monn 01 p::,uy sMopu!M x::,ds.1::,d .10 ssuifi pue 

s10op iomqso ;)l:{l oi Il! innq ::,q uno s10i-u::i~pll! smms pun ]JO; no Il!BJ,\1 ·:,id ElJ!EUutp UO!PO~ 

p.m::, 10] S)j::lUJ :Jld dl:{l oi SS;):):)U ASU;) ~ ismn ;)J;)lll sosodmd ;):)ffi?lld:JU!_t?[Il .10,'.} 

· Apoq dp!qn:, ::ilfl EU!flllJt?;) ,(q 'BU!PP!l{S :,!ll?lS011::,;)p J;)4pn_,] ";)t::>~qm 

;nn no syu;JS iqfi!lJ!t? JO UO!lt?l[UlSU! Kq saroqdsouna ;)A!SOJ10:) JO P!IDTil{ mo.g uoq::,;)lOJ-d 

:siu::im::,p ::,-ql mo.:g UO!l:);)lOJd 

punq Al;)Jt?S ,\l!ID:);)S sp.1uifa1 St? :JU;)UlUO.l!AU;:) popuonn ::,qi .lOJ omnbopa dCi isruu ('cz: :)IDE;] 
:;);JS ) S)J:)t?J qns P;)lt?!::IOSSt? pun .l;)!IOJ}UO:) ::,1quruum.mo1d :;)lJ} SU!T!lUO'.) lt?l{l pu~qn:, ;)llL 

·'fluqqt?::> dl{l 'flU!l:);}lIUO:) pun ~U!HRlSlfl 

U;}l{l 'S;JY:,!qn::, ptm S)j::>t?J A.IBSS;J:);)U 01 dn EIU!PJ!Hq JO SlSISUO'.) uouepmsm ;).IBMp.rnq ~lU 

NOil v rrv .LSNI f·z:- 

-.{pu;ipu;id;iplJ! mo 

p;i).I.IC:) ~ UC:) SUO!PUTIJ U'a!s;ip ;).ffiMPIBq ptH? ;)JBM_yos ::iq1 'uorreonddn rrqnonrnd P. 10.J .1;:,n011uo::i 

;}1qm111II1Uil0Jd ;}ljJ dn ;})fP.W ll!M lP.l-ll Sl!UTI ;)Sl'.);)Jd ;}ljl .JO llO!l'.);}jdS :1ljl ?lIDMOj!O::l 

'J;J_yns 01 

JOU SI cum unos JT preo nd::> J;)JStq 1qo osn ::,q1 annbor AULU Sll{,L ";)j:)A:1 LJ:)U::l SS;):)OJd 01 spm~lS JO 
-.,, 



'\l 

• • 
! 
I 

\ ._ __ . • 
I • 

• 

I • • 
l 

• 
• 
• 

-- 
Figure 2.2 Complete PLC installation and cabined 
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Once the installation work is completed the next step is to consider the testing and 

commissioning of the PLC system. 

Commissioning comprises two basic stages: 

l- Checking the cable connections between the PLC and the plant to be controlled. 

2- Installing the completed control software and testing its operation on the target 

process. 

The svstern interconnections must be thoroughly nho,.nJ,,.-.u...-1 out t-r.. ensure r> 11 inp .. t- I outnut 1. i.i. "'] l. 1.LL l. ""J..\,,.,VU.LL \..llLVLL.:) LJ...LU l lLJ.V .J.J Vli'-''-'ft_V\..l V l LV \..,U...'J .\,,, UU LU. U.l I V 1.._pul. 

devices are wired to the correct I /0 points. in a conventional control system this would be done 

by buzzing out the connections with suitable continuity test instruments. With a programmable, 

however, the programming panel may be used to monitor the status of inputs points directly this 

is long before the control software is installed. which will only be done after all hardware testing 

is satisfactorily completed. Before any hardware testing rs started, a thorough test of al! mains 

voltages, earthing, etc., must be carried out. 

With the programmer attached to the PLC, input points are monitored as the related 

transducer is operated checking that the correct signal is received by the PLC. The same 

technique is used to test the various function cards installed in the system. For example analog 

inputs can be checked by altering the analog signal and obscrvii n g a corresponding change in the 

data stored in the memory table. 

In turn, the output devices can be forced by instructions from the programming panel 
h 1,-· c •• ec~mg their connection and operation. The commissioning team must ensure that any 

operation or misoperation of plant actuators will not result in damage to plant or personnel. 

Testing of some PLC functions at th.is stage is not always practical, such as for PD loops and 

certain communications channel. These require a significant amount of configuring by software 

before they can be operated, and are preferably tested once the control software has been 

installed. Some programmable controllers contain L.11 built diagnostic routines that can be used 

to check out the installed cards, giving error codes on a VDU or integral display screen. These 

diagnostic arc n.1I1 by commands from the programming panel or from within a control program 

once the system is fully operational, 
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i) Software testing and simulation 

The preceding sections have outlined the various stages in hardware design and 

implementation. Over the same period of time the software to control the target process 

developed. in parallel for the chosen PLC system. These program modules is should be tested 

and proved individually wherever possible before being linked together lo make up the complete 

applications program. ii is highly desirable that any faults or error be removed before the 

program is installed in the host controller. 

The time required to rectit Zy faults can be more than doubled once the software is 

running in the host PLC. 

Virtually all programmable controllers, irrespective of size, contain elementary software 

.checking facilities. Typically these can scan through an installed program to check for incorrect 

labels. Double output coils etc. Listings of ail I I O points used, counter I timer settings and other 

information is also provided. The resulting information is available on the programmer screen or 

as a printout in the figure 2.3 However, this form of testing is only of limited value, since there is 

no facility to check the operation of the resident program. 

In terms of time and cost economies . an ideal method for testing program modules is to 

reproduce the control cycle by simulation, since this activity can he carried out in the design 

workshop without having the actually connect up to the physical process. Simulation of the 

process is done in a number of ways, depending on the size of process involved, 

When the system is relatively small with only a handful of I I O channels. it is often 

possible to adequately simulate the process by using sets of switches connected up to the PLC as 

inputs, with outputs represented by connecting arrays of small lambs or relays in the figure 2.4. 

This allows inputs to be offered to a test .bed controller containing software under test, checking 

the action of the control program by noting the operation and sequence of the output lambs or 

relays. By operating the input switches in spcific sequences, it is possible to test sequence 

routines within a program, Where fast response times are involved ,the tester should use the 

programming panel lo force larger time intervals into the timers concerned, allowing that part of 

the circuit to be tested by the manual switch method. 
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Most l i {) modules have LED indicators that show the status of the channels. These an 

be used instead of additional test actuators where digital outputs arc concerned. Analog inputs 

can be simulated in part by using potential dividers suitably connected to the input channel and 

corresponding analog outputs connected either to variable devices such as small motors or to a 

moving coil meter configured to measure voltage r current. Standard sets of input switches and 

output actuators are normally available from PLC manufacturers. 

When the system is larger with input I output channels and longer, more complex 

programs, the simple form of simulation described above becomes inadequate. Many larger PLC 

systems are titted an integral simulation unit that reads and writes information directly into the I I 

0 memory removing the need to connect external switches, etc. The simulator is controlled from 

an associated terminal which can force changes in input status and record all changes in output 

srarns as the program runs, for later scrutiny by the test team. 

The program monitoring facility provided with most programming terminals should be 

used in virtually all these proceedings since it allows the dynamic checking of all elements in the 

program including preset and remaining values as the program cycles. rn the figure 2.5 illustrates 

a monitoring display with status information shown on the bottom of the screen. 

It is important to realize that the display on the prograrmner does not up date as rapidly 

as the control program is executing, due to the delays in transmitting the data across to the 

tenninal, Contacts and other elements that are operated for only a few scans are unlikely to affect 

the display , but since a human observer could not detect this fast a change, this is not a 

significant disadvantage. To display ail changes, the PLC should be run in single step mode. 

The monitor display shows a select portion of the ladder program , using standard symbols to 

depict contacts , output and present functions. All elements within the display are dynamically 

monitored, indicating their status as shown in the figure 2.6 
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Display/printout 

Y430 1 0 
Y431 1 1 EO 
Y432 ~ 0 t I 

Y433 0 1 
Y43j 0 1 

Errof message 

EO: Tr,e coi! is used more than one time 
in a proqrarn. 

E 1 · The contact is used without the 
correspcr.ding output. 

E2: The output is used without the 
corresponding inout. 

E3. The counter or shift resister is us&d 
without the RST. 

E4 The timer or counter is used 
without the constant K. 

• Even it the contact or coil 1$ used 
more than onca, a number 1 is 
displayed 

1 

Contact \ 
When the element is use~ • 
tor me contact · · · .. · · 1 I 
If not · O l 

Coil __.J 
When the element is used 
for the coil , 1 
If not ., 0 

Figure 2.3 PLC printout of I IO static diagnostics information 

Switch inputs 

~o 

Test-bed 
programmable 
controller 

Lamp/relay 
outputs 

L-u---- 
Analog input 
{potential divider) 

1 L--11---1 
u I 

I 

-- 0---J --- ~ 

~- 
I 
I . / 
1-----0"' ~---- 

Program under I 
tes1 J 

Ana.tog output 
(meter) 

Figure 2.4 Process simulation using switches and lambs 
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Figure 2.5 Dynamic monitoring of program contacts using a graphic programming display 

----t-1 - Contact open ---( XX X }-- Coil de-energiied 

---ttl Contact closed --{~ XXX .)--- Coil energized 

Figure ·2.6 Symbols displayed in monitor mode 

ii) Installing and running the user control program 

Once control software has been proved as far as possi 

test machine, the next step is to try out the program on rne ~ 

Ideally each section of code should be downloaded 

quickly localized if the plant misoperates during _ 

possible, another method is to include Jl,').fP ..,...~ 

instructions except those in section lo re- 

sting is not 

lOil proved . the program is 



amended to place the Jl HviP instructions so as lO select the next section lO he tested. 

Where a programrnabie controller supports single - step operation. this can be used 

examine individual program steps fur correct sequencing. Again. the programming terminal 

should be utilized to monitor I I O status or any other area of interest during these tests, with 

continuous printouts if this is possible. 
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PLC PROGRAMMING SOFTWARE 

In this section, PLC programming fundamental is prepared, student's capacity, which 

met PLC programming, is considered first time. 

AND 

OR 

NOT 

NANO 

NOR 

SET 

RESET 

Furthermore there are many specialization's such as TIMER, COUNTER, and 

MASTER CONTROL SET (MCS), which works data and controls PROGRAM, MASTER 

CONTROL RESET (MCR), IMP. There command which are mathematics process that are 

comparator processes(=,<,>). 

In all PLC systems, to create logic process is programmed as the same are carried out 
some function. However, the main logic is the same that TIMER, COUNTER and SHIFT 
REGISTER functions are to get command and programmed but there can be some differences. 

3.1. CREATE OF LEADER DIAGRAM 

i) Start Commands: 

These commands are first element of program. There are two type contact conditions as 

at table 2.7. first normally is open also second close. Normally, starting with open contact this 

program command is to get command as LD iN, LO, LOD A, on PLC device. And also close 

contact is stated as LOI, LO NOT, LOO NOT, AN. 
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LADD!:R 
COMMAND LINE 

SYMBOL IDEC FESTO AEG Mitrobuhi Siem.em I OMRON 

~I 

I 

LDFtAGF I 
LODF ur LDF AF I LDF 

F' I 
Nomwly LDINF I 

I 
O})lll COl:ltKt I 

~( 
I LDNOT I l 

I Al~ F 
l 

I LOD FtAGF UNF LDIF' I LD NOT 
F' I F 

Normally NOTF I I I 

closo cont~t i LD NOT 1N F l l 

Table 3.1 Load Exercising 

Note: in table F value is constant and input/output interval relay, special relay, timer, 

counter can be SFR number. According to this table at MITSUBISHI and HITACHI model 

normally open contact is shown with LD, also close contact is shown with LDI. Also at AEG 

PLC, U (UND) command is used for open contact and (UN) IJND-NJCHT command is used for 
closed contact. Also at SIElvl.ENS PLC, A (AND) command is used to open contact and AN 

(AND-NOT) is used for closed contact. At OMRON PLC, open contact is shown LD, also close 

contact is shown with LD NOT. Also at FESTO PLC, open contact LD FLAG is used for flag 

load other conditions LD IN command is used to contact load. In normally, also close contact is 

programmed for flag exercising as LD NOT FLAG ... For other contacts are programmed as LD 

NOT iN ... 
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ii) AND and OR Exercising: 

C OMMAlID LINE 

XL l I 1 · 

~

I :J- 1.00 )( l t..D CN XJ u .n t.n l'.1 1 .• )(1 [ .• : l X\ i u, ,.~ '1 
(l'k KIi 01! ~ J O :it: OR :lm f O lt2 (')RY.!.! I ()k ~ 

· I i I 
I ' I 

:u 

0 
u Xl I U) :r:i I .AXl 1· I.I) lCl I U) X1 II 
ON:C OMD U."1:X:1 tJl'tNOT:O '-'W::C 

I I 
i I I 

·-·~ I I I J I l 
Table 3.2: Symbol and command line AND and OR exercises. 

iii) Output Stored Exercises: 

At a PLC system relay, it is used as output function, can be divided into two groups. 

First group output which charge can be linked to it according to program as (solenoid valves, 

neon lamb, conductor, led, etc.) are real output. Also second group outputs are internal and 

image relays. Physical connection cannot link to these relays but outputs of these sensors are 

transferred to real output and output can be taken. 
If commands will be observed, there are similarities between PLC devices that output 

program commands are different. At both output and input functions, Xl, X2, are used as 

addresses. 
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C OMMANl.) LINE i I I ~-i I l ~ I ttt'l'Al~l I 
! 

t: xs] 
"' JC',; 

I 

I 
L.H xi 
OtJI'XS 

A Xl 
.• x:z 

LD xi I LO Xl 
OU'f' X:2 l OU'T' )'.2 

I 
1.0Xl 
~ X:l 

A JU 

s xs 
I 

. l 
I LD X.l I LO X l. 
I ser X2 I SET ):.!a 

1 j ' 

Table 3.3 
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Network 2 sensor l considered and, front washing motors, flank brushes and upper brush worked during 50s 
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10.3 1'34 

H I +J __ :_TUN~I 

Network 8 after sensor 4- considered, rinse stopped and drying started during 50s 

ro.o I0.4 rrs QOM 

Hi I I I I I C ) 

Network 9 

!(LO OU.O 

I I ( ) 
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SYMBOL OF KEYS 

I 0.0 Button (Emergency Button and Stop Button) 

I 0.1 Sensor 1 Contac 

I 0.2 Sensor 2 Contac 

I 0.3 Sensor 3 Contac 

I 0.4 Sensor 4 Contac 

QO.O Rail Contac (for contac) 

T 32 Timer Contac 

T 33 Timer Contac 

T 34 Timer Contac 

T 35 Timer Contac 

Q 0.0 Rail 

Q 0.1 Front Washing Motors 

Q0.2 Brush (Upper) 

Q0.3 Brush (Flank) 

Q 0.4 Shampoo 

Q0.5 Brush (Upper) 

Q0.6 Brush (Flank) 

Q0.7 Rinse 

Q0.8 Brush (Upper) 

Q0.9 Brush (Flank) 

Q0.10 Drying 
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CONCLUSION 

When developing this project we see that PLC the individual's life easier, which it has 

gained our interest and notice. 
With the information observed from our lecturer and our researchers for this topic PLC, 

is a convenient tool with a wide rage of useful ways to be used. Such examples can be mentioned 

several machines can be used at the same time, easy adjustments from the PLC program can be 

meet within a few minutes by the keyboard, installed PLL programs can be conrrolled or checked 

· before within the office and laboratory, even the PLC programs for firm can arhome. ft 

is very protective and safe fur the workers which they me protected from dagger:. ,communication 

programs of PLCs within each other or within operates can happen wi:r:h rlr PLC; the developed 

lantues have constructed the productivity, security, establishmi 

quality and we can see that PLC is a very cheap program that can 

Tus·PL€ devices is automatic car wash system wi 

this machine and this shows, that PLC is a very importaz; 

processes. 

productivity, 

used. 

ADtomation is achieved in 

control complicated 
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