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ABSTRACT 

·PLC (Programmable Logic Centrellers) is a thing that programmable with 

computer- sepportto take more" efficiency from-time-and-workers: It-is-dividedmtotwc 

parts. Hardware and software. 

The hardware are the carts of machine those " •. .,. r"DI l J «, device and _tJ· .U,..U,·.l.LI..LV 11,...l.J.'-'V 1.4--..1.V '--".L'-1, . .LJ'-" UVl'J.V U.-.1.U 

Programming device. CPU is basic- microprocessor system- and it .carries .out as .control 

sensor, counter, timer function. CPU carries out stored user program in memory will 

input informations from various· sensor circuits and can sending suitable output to 

commands and· control circuits. I/0 Modi.!l'e receives f20 VAC signal in device or 

.processing device.and . transforms 5 \'DC.si51rial form. 

There are many specialisation such .as timer, counter, -master control set, which 

works data and controis program, master controi reset, JMP. There- are command which 

are mathematics process that are comparator processes. These are the main function and 
feature of software part of PTT. 
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INTRODUCTION 

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. 

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-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. However, even today some are still based 

upon the 2903. Modicon has yet to build a faster PLC than there 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 analogue world. 

Unfortunately, the lack of standardisation coupled with continually changing 

technology has made PLC communications a nightmare of incompatible protocols and 

physical networks. 

The 80's saw an attempt to standardise 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. 

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

and the modernisation 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, 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. 
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CHAPTER I 

1.1. THE TYPES OF PLC 
In general, PLC divides to three sections; 

*Central Processing unit( CPU) 

*The input/output section 

*The programming device 

~ut 
.. I , devwaa 

Figure.1.1.1. 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. 

I/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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The desired program loads to processor's memory by programming device or 

terminal. This program can enter to relay during using ladder logic. Program can be 

obtained till the main control or machines by sequential processes. 

a) PLC size and practice: 

There are 3 different categories of PLC; as small, medium and large. 

*In small group category, PLC has bigger than input/output of 128 VO and 

bigger than memory of2 KB. 

*In medium group category, PLCs have bigger than memory of 32 KB and 

2048 I/0. Special VO module provide easily adaptation in process control practice, 

analog functions like temperature, press, current, weight and position. 

*In large category, PLCs have bigger than 750 KB memory and bigger than 

input/output of 8192 VO. This group is for unlimited practice to give force. 

Nowadays, PLCs are used in all area of industry along in chemistry, 

automotive industry production of steel and paper factory. 

b) 1/0 unit: 

I/0 unit forms is the input/output rack of PLC. I/0 unit receives 120 Vac signal 

in device or processing devices and transforms 5 V de signal form. In output units 

controller signals (5Vdc) are used to devices or processor control as 120 Vac. These 

output signals provide low current control that used in power electronic elements or 

optic isolators. Input/output unit in PLC can be put in the same structure or different 

structure with CPU. This standard input/output unit is in the following shape. 
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0000000000 
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Figure. 1.1.2. In the same structure CPU with PLC I/0 unit 

Between processor and I/0 rack communication different connection cables are 

permitted. This condition is as the following figure 1.1. 3. 

Processor 

PT.C 

["" •:• ""'""".' ""••••••••• .. •·-·-·-····-··-~···•··· •·• .,,.::•l ["' ,,.,..,w.,,n,n••••••• ·•· 1 
' · F'irst Second ]! iD[ 

R.oek R~k ,; ~ i 
l!O I L'O ! ' : . , Ii ~~ 

;.,..,,,.,,..,..,,,,..,,,•,••,·-•-•••~••••••••••••••••W•••W"'"''~ L .. ,..,,.,.,.,..,,, .. , .J 
II.Adresi- Group Rack 

I/0 

Different Connect Ca.ble 

Figure. I. I. 3 Between Processing I/0 Racks communication 
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I/0 units each input/output has a special address. These addresses are known 

by the processor. To connect output/input an element with I/0 or separating is very easy 

and quick. Furthermore to change with an another module is very easy. ON/OFF 

condition of I/0 circuit each module shows with light. Many output modules have 

rubbish fuse indicator. 

c) Different 1/0 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 I/0 module 

takes its power from common voltage sources. These voltages can be different size and 

type. These are showed in the following table. 

Input Interface 

24Vac/dc 

48Vac/dc 

120Vac/dc 

230Vac/dc 

5Vdc (TTL level) 

Output Interface 

12-48Vac 

120Vac 

230Vac 

120Vdc 

230Vdc 

5Vdc (TTL level) 

Power Logic .... -----~--. - - 
\ I -P~ 

-t:+- 
Input mo V ac\;ignal 

L2 -, 

Zener 
Diode 
Level 

Detector 

1111.t••••• •WI I 

: izol,tllr ! 
•••••••••• , •. 1 

Logic 

1----·l, 

Figure.1.1.4 AC input interface block diagram 
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Shows that entries block diagram for an alternative current to input module. 

Input circuit compose of to main section as power and logic section. 

__LPB Llro--~ 'R1 

{2~0V t1Cl 

ul 

I 
Rectifier 
Bridge 

I 

+ 

r········ :L 

Figure.1.1. 5. Simplified Circuit For a AC Module 

Ll 1~220Va( 

JP"~; 
- Q-• 10\ '~/ 

_/ 
(P1u1h-Dotum) 

--- Input Case 
_,.... Indicator 

t 
I 

inpul mo1:it.1le 
terminal lm1!rd 

Figure.1.1.6. Linking To PLC Input Unit of 220V Input 

Figure 1.1.4 and 1.1.5 shows figural diagram of Ac input module for input, 

also figure 1.1. 6 shows connect terminal. 
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When push button shuts down, bridge type treatment exercise 220V AC 

voltage from R1 and R2 resistance's. 

Zener diode (ZD) voltage limit regulates according to low level voltage. 

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

level voltage (SV' de) is transmitted. 

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

processor 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. 

l'OWl:\l' ------- .._, ~ ....•..• ------- --.... 
I. 

Output 
Level 
Indicator 

•. , 
,-{}--, 
/ ' ! Output Lamb 

___ __, -l -··---i...-.., 
. ,,,.,,. I r! c-. 
l .(lgir. . i Izolator ! .. --___J--·· .,... ( I I r.~ 

5Vdc 

~Ll 
Electronic I ,._,, 

(2:tll V .'IC i Switch 

Figure. 1.1. 7 typical a block diagram of output interface module. 

Figure. 1.1. 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 output is controlled by the 5V comes from logic unit. In this unit, 

proces_sor sets output conditions. 

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

voltage (5V' de), however, phototransistor is switching and conducting. This means that 

to detect and conduct of triac, and lamp, that uses as output element, tum on ON 

condition. 

When led in logic unit tum off, logic become O condition and phototransistor 

cannot conduct. If a DC device in output will be controlled, it is carried with circuit. 

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

department. 
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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. 

rJpLJII. 
11.nl~tnr 

Output L&rnh 

I~- Ll 

__ YJ.... T,·i.,k i 

if!··~==·;;LL'.1 1 

,nn \i ac) 
,D "'"' ·---··_·····~ .••.................. __ j 

L2 

Figure. 1.1. 8 Simplified circuit of an AC output module. 

Output ModulefT erminal Board 

Figure. 1.1. 9 Internal wire connection typical an output module 
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Figure. 1.1.10 Sensor connection points 
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o---@--o 
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:,-f~ 

NO b · r--,.~ 

o- - -·· .a% 0·1, ,1 I C 

TERM!K 
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W:.I. 

o--- \ • . . o Rn.lf'!nmrl 
'J 

Sol P.nmd v .:1,],,e 
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Figure. 1.1.11 Symbols of output control circuit 
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d) Analog input/output unit (1/0 modules): 

First produced PLCs only had been limited with separate I/0 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 (I/0) 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. 

e) CPU (Central Processing Unit): 

Central Processing Unit provides to communicate between power supply and 

processor memory modules. In figure 1.2.12b 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. 



I• 

I• 

' a) Sim.plies of CPU St:ru.cture 

PMWII' t.1,1pply f ci-~ PowerSupply 

fmirJ CPU 

Figure. 1.1.12 CPU; the elements of central processing unit (a) the structure of simplified CPU 

(b) power supply unit different from CPU 

f) Processor-Memory Module: 

CPU is the brain of programmable of controller and a big part of CPU family 

forms from processor memory unit. This module cover microprocessor, memory chips 

programming device and necessarily communication circuits for processor interface. 

Furthermore processor carries out other functions. For example, it carries out 

timer, counter, compare, keeper and addition, subtraction, multiplication and division 

functions, which are four main functions of mathematics. 

\1 

1.2. MEMORY 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. It stores special information parts, which is named as memory bit. 1 

byte = 8 bit, 1024byte = lkbyte and the number of memory capacity is stated these 

units. 

I 

12 



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. 

a) I. Group Memories: 

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

(RIW). 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. 

b) II. Group Memories: 

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

programmable. It is divided four into groups; 

1) PROM (Programmable Read-Only Memory): it is a special type of ROM. 

PROM memory allows to writing of information in chip, these information are provided 

or there 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 tum back. For this reason, firstly all 

mistake control process must be finished. 

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

memory type that is used in PLC devices. Written programmable firstly, is store in 

EPROM memory and is sent central processing unit. 

3) EAROM (Electrically Alterable Read-Only Memory): It is like EPROM 

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

clean by erasing, an eraser voltage is exercised to suitable pin. When chip erases one 

time, it can be programmed again. 

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

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. 

13 
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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 1 conditions are ON/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 links interface of output. The logic conditions of output units are stored 

in this memory and it is taken from this logic level memory and transfers to output unit. 

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. 1.3 .1) 

rtS··o7/ I ., 

(~~) 

..L 
I 
T d 
"' ~ 
" I r. 

" ev,: . . . 

Memory I •o ~ f-@ u __., ~ oil 
1l 

I ~ I CPU •• l (§) 

pOWll!r rupply 

Figure. 1.3.1. 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 

crystal 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 

IDEC FAl Junior module is shown at table 1.3.2. 

FA-2 PROGRAMMABLE CONTROLLER 

~ LOD T PROGRAM LOADER 

Figure. 1.3.2. Programming Device of IDEC FA-1 PLC. 
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CHAPTER II 

2.1. 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 

NAND 

NOR 

SET 

RESET 

Furthermore there are many specialisations such as TIMER, COUNTER, and 

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

MASTER CONTROL RESET (MCR), JMP. 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. 

2.2. CREATE OF LEADER DIAGRAM 
a) Start Commands: 
These commands are first element of program. There are two type contact 

conditions as at table 2.2.1. First normally is open also second close. 

Normally, starting with open contact this program command is to get command 

as LD IN, LD, LOD A, on PLC device. And also close contact is stated as LDI, LD 

NOT, LOD NOT, AN. 

16 
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LADDER 
COMMAND LINE 

SYMBOL IDEC FESTO AEG Mitsubishi Siemens OMRON 

~I LD FLAGF 
LDF AF LODF UF LDF 

F 
Nonnally LDINF 
open contact 

~ 

LDNOT 
FLAGF UNF LDIF ANF LDNOT 

LOD F 
Nonnally NOTF 
close contact LDNOT INF 

Table 2.2.1. 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) 

UND-NICHT command is used for closed contact. 

Also at SIEMENS 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 

LDNOT. 

Also at PESTO 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 ... 



b) AND and OR Exercising: 

:--~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~- .. ~ 
LADDER COMMAND LINE 
SY!IIBOL IO:Za: IN!H'l'V ilJilCl Xl':'ll!JllPIII Simu!G OMJ.WN °H!'rAC!Il 

1--~~~~~~..1,-~~~~-+-~~~~-·-- i3fMAilt. 
xi xs IE..l)PXl t.l)ll\'Xl UXl t,ll XJ AX1 1..1.> XL LD xi ~ f---{ ~ 'A.VP xa .'\N'D JN xz .,. X:il A NO ~ll AX2 /\.'II) x:: A."'f.D X:l 

xi xa ;~·Xl f :o ,IS' X1 t: xi t.h Xl AX! LD :C1 1..D Xl --H---,lf--- :\ .. "ID ~OT X;a° ,\ ND NtlT tr( X2 l-":li ::a AN] ::a .•. ':'-I X:;i! A1'"D NOT Xl ANI X2 

XL r f----, IA.l[) :X l LO !J>i Xl V xi t.D Xl 1 .A Xl C.U Xl : u, x; ~ ,__t- (lft 1(11 Oil xa I Ola OR X2 0 X2 OR. X2 OR JU 

X:l 

xi LOD X1 LD t!'f X.J U lCl LD X1 AX! LD X:1 1.D Xl Q ORNOTX2 ORNOTX2 ONX2 ORID 0::-1)(:;! O~NCITx.3 O&IX2 

X2 

Table 2.2.2: Symbol and command line AND and OR exercises. 

c) 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. 

L. 

b 
·- 

COMMAND LINE -- 
AEO l',ll'l"SL"SISHl s•- OMRDN Ht'l'Al':H] FES?O ,~ .. ~- 
t; xtl 1,ll xi • 

1.0D xi LDINXl AXl LDXl 'LOXl 
OFI'X2 =0UTX2 =Xi' OUTX2 = X2 OU'l' X2 OUT )(2 l 

I 
\ 

' 
\ -· 

' ' l --ci ~ ion XI LD IN >Cl U Xl 1.DXl A Kl LD Xl W xi l 

i SET X2. SE FLAG X2 SL X2 s X.:t 8 lC2 S€T X2 SET X2 
l X2SE 

' I Hl-<srl 
. x.1 sn , 
Figure.2.2.3. 
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2.3. SPECIFICATION OF EXAMINED PLC 

a) Mitsubishi Fl 20 MR 

ELEMENT Symbol Fl 2<lMR 
{f nputs) x 12 Unit 401) - HJ ·-- (Output;;j i y i~ Unit 490 437 ~-- ... 

(Tim~r) 0.1 5- I 1' 24 Unit .">0 - :i7, ~-50 - 457 - - (Timer, 0.01 s 1' I g U :nit ssn - 657 
(Counters) G ;,f.1 Unit 60 - 6'7, 4fi0 - 46-7 

: 
...... ·-.1. 

(Big speed counter) C 2 Unit f-i60- 661 
" 

(Interna l Rel a)) M 64 Unit 10 - l'l7 .. . 
l\·1 16 Unit 

(Speci.1:1.1 Internal H(d~;,'1 ,o - 77, 47r:J . 473, :m, - .!575 -~ -···-- Battery of Feeding Senior M 61 Unit ,;oo - :rn 
(,Jump.i M K4 Unit 7()0 - '777 

•.. ·- 
Table 2.3.1: table of element and element numbers 

F1 10F.n I 
X I 411:dt 414-417 

Y 6 11:dt '140 - 445 

Table 2.3.2. Increasing unit 

Fl 20 MR PLC as 12 inputs 8 outputs, which we use. If more input and output 

are necessary, input/output-increasing units are plugged to PLC. These units have 

various numbers output and input. At table 2.3.1, there are 4 inputs 6 outputs for Fl 10 

ER model. 
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b) Siemens Sima tic S5-90U 

Element Name ELEMENT ADRESS 

(Input) I0.0- 1127.7 
(Oul.pur..) QO.O-Ql27.7 
lFlag) •retentive> FO.o .. Foa .• . - 

(Flaf.) (~~~~t'!l.f'ntivHi 1<'6:l.O - 1''127. 7 
Accumulator ACCUMl AflCL:M2 .......,_ -~ ... .. 
Timer Tf.l-T3t 

, ..•.. 
(retentive) CO - <~1 

(Cour1t&r) (nonrentrnl.iv~) C8 - C:31 
Kn (Cun~t.1,mL) 1 by~~. 0 - 255 
KC (Constant count) (} - fl9fl 
KF (Turn a~.:,·1 hu) - 32768 t3:1,;'67 
KF (Hcksadestmal) 0 - i,·~·f~' ~ 
KY (2 byte) 0 · 2n,=, (her hitJ 
K'J' (Timer) o.o-mm.3 
r,·n (Functien block) 0 63 
DB mat.a block) :.! - t;:i l9, H1J 

Table 2.3.3: Specifications ofS5-90U model Siemens Simatic. 

c) AEG Teachware modicon A020 

Operand Type Operand Unit 

(inpu~) El - F.24 24 -~- (outpuUt) Al-Al6 16 .. 
i\ n a I ug Input •. EW,\ l - ~-:.WA 4 4 anal of};' 
Armlog . Output AWAl l analog - 
Mem.ozy Ml-Ml~ l :.lH Unit 

Timer T't - 'f16 16 timer 
Counter ZI - Z1o 1 fi Counter 

Table 2.3.4. Specifications of AEG Teachware A020 
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d) FESTO (FPC 202C) 

1TOT.AL 
PARAMETERS SYMBOL ESalLANATJON 

UNlT - 
lS IJ\tfll"l'\al iopuw I -0.X und l rx jnput o.o .. o. 7 

1.0-1.7 - 
2 lnt.crnal h111f-wunls TWO and IWl 2 U\it 

HI Internal output.,, 0 O.X aud O i.x Out.put 0.0· 0.7 
1.0-1.7 - . 

2 ll'l~n1al uutJ)Ut half-wur,J1< OWO wid c'lW1 2, tmit - 
2156 ·Flags FO,Y to Fl6.Y Fla1,1: {0.0 0.15) (1.0, I . H'i} 

(2.0-2.15} .•..... (HH)-15.15) . 
., . - 

16 Fl~ word~ FV\o'O t., FW 1 n ns i:kut. Pnsmt 
- 

l TnitialuatiOfl ttl~ FI , - - 
'---· - ·- 

:.t4 Sfl'"'c:ial furn.;tio:m unit11 •. ue ro "Ft J2" 24 - ·- 
16 Field uu.s flll$l wwd.!!! F\.l32 to FtT47 HJ - 
32 Timf!r'FI '1'-0 to T31 32 - - - - 
32 Tame, wn,-ds 'T'WOtoTW31 32 - - - 
~2 Co.i11ters Cu t.o C31 32 - 
32 <':crunt.ei:-i. wOl'ds cwo to cwai 32 - .,. 
32 CcuJltP.M ,=,n::~.t (.,'WO to CW31 32 - - - 
64 Rce,pten C1 to R68 64- - - 
~ nrogr11m~ PCl tG P7 8 - - 
R p:rogtf,11'1(':Cioo module$ 00 u,H7 K - - .- 
1 Err()Ta I!: l - - 
l Error word EW l - - 

,f.tS Ext«rnal inJ)ut.s I2Xto17.'X inp\lt (2.ll-2.7) ~3.0-.1.7) 
.... (7.0 •... 7.7) = Tvp, 4A .. . 

~ E..,t-Ornal input wm-d."I lWi tn IW7 b 

46 Rx.renwl out:put 02.Xto07.X Output ei.0 .•. 2.7)"" 

1---·. 
(3.0 •.... :i.7) .... (7.0 .... '1.1) 

6 .l!::xternul output wor'dt3 OW2 t,n OW7 n 

Table 2.4.8 Specification of FESTO (FPC 202C) Module PLC 

In this table, x=(0,1,2,3,4,5,6,7) and y=(0,1,2,3,4,5,6,7,8,9,10,11,12,13,14,15) 

are. 

2.4. CREATING COMMAND LINE FOR LOGIC PROCESS 
Each process in PLC programming is stated by a command and these 

commands provides connections of relay and contacts together, designations of outputs, 

counter, programming of timers and making of arithmetic comparison processes. 

In our days, to experience PLC device of all firms are very hard. We will 

experience five brands. These brands are enough for us. 



BRAND 

l)IDEC 

2)FESTO 

3)MITSUBISHI 

4) SIEMENS-SIMA TIC 

5) AEG TEACHW ARE 

MODEL 

PAI-JUNIOR (FAIJ) 

202-C 

F120R 

S5-90U 

MODICON A020 

a) Loading of Open and CloseContact: 

-1-1- 
Normally open contact 

LOD (LOAD)-IDEC 

LD IN (LOAD)-FESTO 

LD (LOAD)- MITSUBISHI 

A (AND)- SIEMENS-SIMATIC 

U (UND)-AEG 

Normally close contact 

LOD NOT (LOAD NOT)-IDEC 

LD NOT IN (LOAD NOT)-FESTO 

LDI (LOAD INVERSE)- MITSUBISHI 

AN (AND NOT)- SIEMENS-SIMATIC 

UN (UND NICHT)-AEG 

22 



I MITSUBISID I 
X400 Y435 lo LD X400 

1 OUT Y435 
X401 X402 12 LDI X401 - 3 AND X402 

M177 14 OUT M177 

FEST0 

12.0 SF3 J 0000 LD IN 2.0 
0001 = FLAG 3 
0002 LD IN 2.1 
0003 AND IN 2.2 

12.1 12.2 SF4 I 0004 = FLAG 4 

23 



In here, commands for giving different brand and module normally. Explain to 

designation of contact and contact numbers are written after command. 

In AEG and Siemens PLC, a load command is not used in Siemens Module, 

open contact command normally is load written A (AND), load process is relazing with 

AN (AND NOT) command. 

In AEG module U (UND) and UN (UND NOT) commands are used for load 

process. As we know that these commands are used to serial AND and AND NOT 

exercises. 

b) AND exercise: 

Serial contact linking commands 

AND -(IDEC) 

AND IN -(PESTO) 

AND -( MITSUBISHI) 

A(AND) -( SIEMENS-SIMA TIC) 

U(UND) -(AEG) 

c) AND NOT exercise: 

Serial contact linking commands 

AND NOT 

AND NOT IN 

AND 

A(AND) 

U(UND) 

-(IDEC) 

-(PESTO) 

-( MITSUBISHI) 

-( SIEMENS-SIMA TIC) 

-(AEG) 

24 



FESTO 
SFO SFl SF2 SF3 

f-:tH 

SF3 SF4 SF5 

SIEMENS SIMATIC 
10.5 ro.4 n.2 Q25.o 

125.0 124.3 · F63.7 

0001 LD FLAG 0 
0002 AND NOT FLAG 1 
0003 AND FLAG 2 
0004 = FLAG 3 
0005 LD NOT FLAG 3 
0006 AND NOT FLAG 4 
0007 • FLAG 5 
0008 LD PROG 0 

A I 0.5 
AN I 0.4 
A I 1.2 
= Q 25.0 
AN I 25.0 
AN I 24.3 
= F 63.7 
BE 

d) OR exercise: 

Parallel contact linking commands 

OR -(IDEC) 

OR -(FESTO) 

OR -( MITSUBISHI) 

O(OR) -(SIEME"NS-SIMATIC) 

O(ODER). -(AEG) 

e) OR NOT exercise: 

Parallel contact linking commands 

OR"NOT 

OR"NOT 

ORI(OR WVERSE) 

O"N(OR "NOT) 

O"N(ODER "NICHT) 

-(IDEC) 

-(FESTO) 

-( MITSUBISHI) 

-( SIEME"NS-SIMA TIC) 

-(AEG) 

25 
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2.5. GET COMMUNICATE OF COMMAND BLOCK 

TOGETHER 

a) Serial Contact: 

Serial contact 

ANDLOD 

ANDLD 

ANB (AND BLOCK) 

-(IDEC) 

-(FESTO) 

-(MITSUBISID) 

-(SIEMENS) 

-(AEG) 

b) Parallel Contact: 

I.BLOCK - 

I-- II.BLOCK - 
ORLOD -(IDEC) 



0( 
) 

-(AEG) 

OR LD -(FESTO) 

ORB (OR BLOCK) -(MITSUBISHI) 

A(................ -(SIEMENS) 
0 

) 

2.6 SET AND RESET INSTRUCTION 

If any of the OFF position relay ( eg. Input, output register and internal relay) 

pass the ON position that is from logic O to logic 1. Pass instruction called SET 
command. RESET command is opposite of SET command that is ON position to OFF 

position, from logic 1 to logic 0. 

· Another peculiarity of SET and RESET instructions for working instructions 

input must be control with relay. It does not require any continuos signal or stroke. That 

means SET relay always logic 1 position with input relay. If input relay done OFF 

position does not effect setted relay while that RESET command come. 

1 
11-----l SET 210 

RST 210 

IDEC 

0 LOD 1 

1 SET 210 

2 LOD 400 

3 RST 210 

4 END 
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400-----' 
210_jiiR'fll_..N_L __ 

SIEMENS 

.0 
Ql27.7 

.1 
R 

Il27 

1127 

A I 127.0 

S Q 127.7 

A I 127.1 

R Q 127.7 

BE 

Il27D 

1127.1 _____ n n __ 
Ql27.7 
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2.7.SINGLE OUTPUT INSTRUCTIONS 

Our aim is make ON position, on scan time length. With these aim we use two 

different relays. First one is which makes control, other one is where we take output. 

The important point is; while controlling relay passing OFF position to ON, where 

output relay is 1 scan time length mould pass ON position to OFF. It is unimportant that 

controlling relay is protecting ON position. When the OFF position relay pass to ON 

position, we take 1 scan time length from output relay. 

2.8. JUMP INSTRUCTION 

Source peculiarity with JUMP instruction; determined program line or lines 

makes possive position that jumped by some condition, or conditions. Provided jumped 

relay is time of the ON position of JUMP command. 

MITSUBISID 

CJP (Conditional Jump) 

EJP (End of Jump) 

1. Program 

X400 

~ 

2. Program 

EJP777 

3. Program 

Note: JUMP instructions are between 700- 777 

29 
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Above program is between the 1. and 2. Programs because of using JUMP 

instruction, 400-numbered input relay when passed logic 1 position, JUMP instruction 

come to active condition and 2. program jumped 3. program, and 3. program started to 

work. Because after the EJP, JUMP ending operation instruction. 

With 401 numbered input came logic 1 (ON) jumping operation starts and from 

CJP 700 until EJP 700 line program line jumps. 

Jumping operation goes when X401 OFF. When X401 OFF done program 

return to work normally and scan operation works line by line. 

While X401 OFF position, .Th1P function does not work. The important point 

is; before CJP instruction, EJP used must go to last EJP operation. Others will be 

invalid. 

2.9 TIMERS 
Let's now see how a timer works. Its exactly what the word says ... it is an 

instruction that waits a set amount of time before doing something. Sounds simple 

doesn't it. 
When we look at the different kinds of timers available the fun begins. As 

always, different types of timers are available with different manufacturers. Here are 

most of them: 

On-Delay timer-This type of timer simply "delays turning on". In other words, 

after our sensor (input) turns on we wait x-seconds before activating a solenoid valve 

(output). This is the most common timer. It is often called TON (timer on-delay), TIM 

(timer) or TMR (timer). 

Off-Delay timer- This type of timer is the opposite of the on-delay timer listed 

above. This timer simply "delays turning off'. After our sensor (input) sees a target we 

turn on a solenoid ( output). When the sensor no longer sees the target we hold the 

solenoid on for x-seconds before turning it off It is called a TOF (timer off-delay) and 

is less common than the on-delay type listed above. (i.e. few manufacturers include this 

type of timer) 



Retentive or Accumulating timer- This type of timer needs 2 inputs. One input 

starts the timing event (i.e. the clock starts ticking) and the other resets it. The on/off 

delay timers above would be reset if the input sensor wasn't on/off for the complete 

timer duration. This timer however holds or retains the current elapsed time when the 

sensor turns off in mid-stream. For example, we want to know how long a sensor is on 

for during a 1 hour period. If we use one of the above timers they will keep resetting 

when the sensor turns off/on. This timer however, will give us a total or accumulated 

time. It is often called an RTO (retentive timer) or TMRA (accumulating timer). 

Let's now see how to use them. We typically need to know 2 things: 

What will enable the timer. Typically this is one of the inputs.(a sensor 

connected to input 0000 for example) 

How long we want to delay before we react. Let's wait 5 seconds before we 

tum on a solenoid, for example. 

When the instructions before the timer symbol are true the timer starts 

"ticking". When the time elapses the timer will automatically close its contacts. When 

the program is running on the plc the program typically displays the elapsed or 

"accumulated" time for us so we can see the current value. Typically timers can tick 

from Oto 9999 or Oto 65535 times. 

Why the weird numbers? Again its because most PLCs have 16-bit timers. 

We'll get into what this means in a later chapter but for now suffice it to say that 0-9999 

is 16-bit BCD (binary coded decimal) and that Oto 65535 is 16-bit binary. Each tick of 

the clock is equal to x-seconds. 

Typically each manufacturer offers several different ticks. Most manufacturers 

offer 10 and 100 ms increments (ticks of the clock). An "ms" is a mili-second or 

1I1000th of a second. Several manufacturers also off er 1 ms as well as 1 second 

increments. These different increment timers work the same as above but sometimes 

they have different names to show their time-base. Some are TMH (high speed timer), 

TMS (super high speed timer) or TMRAF (accumulating fast timer). 

31 
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Shown below is a typical timer instruction symbol we will encounter 

( depending on which manufacturer we choose) and how to use it. Remember that while 

they may look different they are all used basically the same way. If we can setup one we 

can setup any of them. 

ENABLE! Txxx 
yyyyy 

This timer is the on-delay type and is named Txxx. When the enable input is on 

the timer starts to tick. When it ticks yyyyy (the preset value) times, it will turn on its 

contacts that we will use later in the program. Remember that the duration of a tick 

(increment) varies with the vendor and the time-base used. (i.e. a tick might be lms or 1 

second or ... ) 

0001 I TOOO 
100 

TOOO 0500 

In this diagram we wait for input 0001 to turn on. When it does, timer TOOO (a 

lOOms increment timer) starts ticking. It will tick 100 times. Each tick (increment) is 

lOOms so· the timer will be a lOOOOms (i.e. 10 second) timer. lOOticks X lOOms = 
10,000ms. When 10 seconds have elapsed, the TOOO contacts close and 500 turns on. 

When input 0001 turns off( false) the timer TOOO will reset back to O causing its contacts 

to tum off(become false) thereby making output 500 tum back off 

ENABLE I Txxx 

RESET I YYYYY 
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This timer is named Txxx. When the enable input is on the timer starts to tick. 

When it ticks yyyyy (the preset value) times, it will tum on its contacts that we will use 

later in the program. Remember that the duration of a tick (increment) varies with the 

vendor and the time-base used. (i.e. a tick might be lms or 1 second or...) If however, 

the enable input turns off before the timer has completed, the current value will be 

retained. When the input turns back on, the timer will continue from where it left off. 

The only way to force the timer back to its preset value to start again is to tum on the 

reset input. 

0002 

TOOO 
0001 I 100 

TOOO 0500 

In this diagram we wait for input 0002 to turn on. When it does timer TOOO ( a 

lOms increment timer) starts ticking. It will tick 100 times. Each tick (increment) is 

lOms so the timer will be a lOOOms (i.e. 1 second) timer. lOOticks X lOms = 1,000ms. 

When 1 second has elapsed, the TOOO contacts close and 500 turns on. If input 0002 

turns back off the current elapsed time will be retained. When 0002 turns back on the 

timer will continue where it left off. When input 0001 turns on (true) the timer TOOO 

will reset back to O causing its contacts to turn off (become false) thereby making output 

500 turn back off. 

2.10. COUNTERS 
A counter is a simple device intended to do one simple thing - count. Using 

them, however, can sometimes be a challenge because every manufacturer (for 

whatever reason) seems to use them a different way. Rest assured that the following 

information will let you simply and easily program anybody's counters. 
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What kinds of counters are there? Well, there are up-counters (they only count 

up 1,2,3 ... ). These are called CTU,(count up) CNT,C, or CTR. There are down counters 

(they only count down 9,8,7, ... ). These are typically called CTD (count down) when 

they are a separate instruction. There are also up-down counters (they count up and/or 

down 1,2,3,4,3,2,3,4,5, ... ) These are typically called UDC(up-down counter) when they 

are separate instructions. 
Many manufacturers have only one or two types of counters but they can be 

used to count up, down or both. Confused yet? Can you say "no standardisation"? Don't 

worry, the theory is all the same regardless of what the manufacturers call them. A 

counter is a counter is a counter ... 

To further confuse the issue, most manufacturers also include a limited number 

of high-speed counters. 

High-speed Counter : 
Typically a high-speed counter is a "hardware" device. The normal counters 

listed above are typically "software" counters. In other words they don't physically exist 

in the plc but rather they are simulated in software. Hardware counters do exist in the 

plc and they are not dependent on scan time. 

A good rule of thumb is simply to always use the normal (software) counters unless the 

pulses you are counting will arrive faster than 2X the scan time. (i.e. if the scan time is 

2ms and pulses will be arriving for counting every 4ms or longer then use a software 

counter. If they arrive faster than every 4ms (3ms for example) then use the hardware 

(high-speed) counters. (2xscan time= 2x2ms= 4ms) 

To use them we must know 3 things: 

Where the pulses that we want to count are coming from. Typically this is from 

one of the inputs.(a sensor connected to input 0000 for example) 

How many pulses we want to count before we react. Let's count 5 widgets 

before we box them, for example. 
When/how we will reset the counter so it can count again. After we count 5 

widgets lets reset the counter, for example. 
When the program is running on the plc the program typically displays the 

current or "accumulated' value for us so we can see the current count value. 



35 

Typically counters can count from Oto 9999, -32,768 to +32,767 or Oto 65535. 

Why the weird numbers? Because most PLCs have 16-bit counters. We'll get into what 

this means in a later chapter but for now suffice it to say that 0-9999 is 16-bit BCD 

(binary coded decimal) and that -32,768 to 32767 and Oto 65535 is 16-bit binary. 

Here are some of the instruction symbols we will encounter ( depending on 

which manufacturer we choose) and how to use them. Remember that while they may 

look different they are all used basically the same way. If we can setup one we can 

setup any of them. 

ESETI Cxxx 
yyyyy 

In this counter we need 2 inputs. 
One goes before the reset line. When this input turns on the current (accumulated) count 

value will return to zero. 
The second input is the address where the pulses we are counting are coming from. 

For example, if we are counting how many widgets pass in front of the sensor 

that is physically connected to input 0001 then we would put normally open contacts 

with the address 0001 in front of the pulse line. 
Cxxx is the name of the counter. If we want to call it counter 000 then we 

would put "COOO" here. 
yyyyy is the number of pulses we want to count before doing something. If we 

want to count 5 widgets before turning on a physical output to box them we would put 5 

here. If we wanted to count 100 widgets then we would put 100 here, etc. When the 

counter is finished (i.e we counted yyyyy widgets) it will tum on a separate set of 

contacts that we also label Cxxx. 
Note that the counter accumulated value ONLY changes at the off to on 

transition of the pulse input. 



0002 

cooo 
0001 I 100 

cooo 0500 

Here's the symbol on a ladder showing how we set up a counter (we'll name it 

counter 000) to count 100 widgets from input 0001 before turning on output 500. Sensor 

0002 resets the counter. 
Below is one symbol we may encounter for an up-down counter. We'll use the 

same abbreviation as we did for the example above.(i.e. UDCxxx and yyyyy) 

UP 

UDCxxx 
DOWNj yyyyy 

- 
RESET 

In this up-down counter we need to assign 3 inputs. The reset input has the 

same function as above. However, instead of having only one input for the pulse 

counting we now have 2. One is for counting up and the other is for counting down. In 

this example we will call the counter UDCOOO and we will give it a preset value of 

1000. (we'll count 1000 total pulses) For inputs we'll use a sensor which will turn on 

input 0001 when it sees a target and another sensor at input 0003 will also turn on when 

it sees a target. When input 0001 turns on we count up and when input 0003 turns on we 

count down. When we reach 1000 pulses we will turn on output 500. Again note that 

the counter accumulated value ONLY changes at the off to on transition of the pulse 

input. The ladder diagram is shown below. 
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0001 

0003 I UDCOOO 
1000 

0002 

cooo 0500 

Siemens Simatic : Pulse Timer (SP) 

IOIO ·-- SP 
TIMER31 
PRS:CONSTANT! Q 12~ 7 
200.2 ---< TQ ,-- 

10.0~ 

Ql27.7~ 
T = 200xlsn. • 200sn. 

10.0 input sensor works T31 timer. When this sensor takes ON position, settled 

till 200 sec, Q127.7 out put done 1. Even time over, if input signal IO.O logic 1, output 

will reset. 

A I 0.0 

L KT 200.2 

SP T 31 

= Q 127.7 

BE 

Extended Pulse Timer 

1100.0__r--L,~ 
I I I I I . ' ' f1 ' ' ' ' ' 

I 100.1 : : : : 
' ' 

.•. . . Bl 
I 100.0.~., Tim~r 13 

D 

Q 
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:A I 0.0 

:L KT 100.2 

SD T 12 

A I 0.1 

:R T 12 

:A T 12 

- Q 100.0 

: BE 

This kind of timer controls 1100.0 input sensor 13 numbered TIMER. When 

1100.0 sensor was made 1, the sensor which was obliged Q127.0 numbered TIMER 

pass ON position. The important event is the pass of 1100.0 to ON position not the time 

o this sensors ON position. Even 1100.0 lmsec stays ON position TIMER protects 

Q127.0 sensor on ON position by the time ofT period. 

T must stay 8 sec. But mean while 1100.0 T time passed from logic O to 1 

without second time charging. So TIMER output (Q127.0) protects its ON position 

again. But it returns beginning again to count from 0, of the T time. 

A I 100.0 

L KT 80.1 

SE T 13 

A I 100.1 

R T 13 

A T 13 

Q 127.0 

AEG 
In the Teachware A020-020 Plus model; 

Tl.. T8 (8 unit, O.lsec=lOOmsec rhythm timer) 

T9 T16 (8 unit, 0.025 sec=25msec rhythm timer) 
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In order to 16 unit (Tl.. T16) TIMER there are so programs be smallest 

and biggest time value is 25 msec which is 110 minutes. 

S I Al 

El__fl___fL_ 

~ Al , , ; , 

T8~ 

1 

2 

3 

4 

5 

6 

7 

8 

El 

Al 

T8 

Al 

Al 

T8 

50 

u 
SL 

u 
RL 

u 

PE 

In this example Al is stetted with El output. Reset position is the time of, 

when T8 pass ON position. 

When El pass ON position Al output makes set. By the setting of Al,T8 timer 

( present value 50x O. lsec=5sec) count in its inside 5sec and at the end of this time logic 

done 1. As to program; when T8 is on,Al output makes resent and T8 output goes OFF 

position because T8 output is armed reset sensor. The event to care on TIMER present 

value; chosen TIMER's rhythm times by its number, because of its changes, present 

value must count right. 

The program on above; 413 numbered input sensor and M73 numbered private 

internal sensor are used to reset 467 numbered counter. Counting input is controlled by 

412 numbered input sensor. Present value of counter is showed with K20·20. The input 

of counter pulse's every present pulse value is lowered 1 degree. 
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2.11. SHIFT REGISTER 

IDEC 
This model in PLC shift register unit has studied extensively. 

MITSUBISHI 
Internal relay M is used shift register at the some time. So 16 sensor must be 1 

group at the same time First helping sensor number, shift register address and following 

16 sensor can not use another arm. 

Shift Register Addresses 

Ml00-Ml17 = Ml00 .......... Ml07, Ml 10 .......... Ml 17 = 16 unit 

M120-Ml37 = M120 .......... M127, Ml30 .......... Ml37 = 16 unit 

M140-Ml57 = M140 .......... M147, M150 .......... M157 = 16 unit 

M160-M177 = M160 .......... M167, Ml 70 .......... Ml 77 = 16 unit 

M200-M217 = M200 .......... M207, M210 .......... M217 = 16 unit 

M220-M237 = M220 .......... M227, M230 .......... M237 = 16 unit 

M240-M257 = M240 .......... M247, M250 .......... M257 = 16 unit 

M260-M277 = M260 .......... M267, M270 .......... M277 = 16 unit 

M300-M317 = M300 .......... M307, M310 .......... M317 = 16 unit 

M320-M337 = M320 .......... M327, M330 .......... M337 = 16 unit 

M340-M357 = M340 .......... M347, M350 .......... M357 = 16 unit 

M360-M377 = M360 .......... M367, M370 .......... M377 = 16 unit 

X4ll 
{f: ~ ... M M M M M M M M M M M M M M M M 

. JI.. ' ·--· *ti H> •• • 100 101 102 1m 104 105 106 107 rn 112 113 115 117 
11 . ., ~· 110 114 116 

'· . X4f''. •I I·, 

4"' -..:.:·..:.-. 
1 - 
' 
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I-Data input: Data signal which must be given to Register, is designed ON-OFF 

position to X411 sensor. Data, entered to register, firstly apply to MlOO register. But 

every shift operation can make by shift pulse. 

2-Shift pulse: It is shift input which is transferred to MlOO by X411 entered data but 

while X412 is passing from O to 1. It can be used 72 numbered which produces 

1 OOmsec time pulse or 73 numbered which produces on msec time pulse generator 

instead ofX412. 

3-Reset input: X413 input sensor is used for reset of the above. So all the register 

sensor with X413's passing OFF position to ON position makes reset and pass of 

position (MlOO Ml 17). 

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 
X412 
Shift pulse , , , 

'A ~ ' . ' 
X411 J • ' ! :c I 
DATA : : ~ 

MIOO ~ ! l 
MIO! ~ 

E : I 'D 
I :~ 1~~~- . ' 

' 

Ml02 

M117 

(1100110000111100) data is applied with X411 data input on the above 

example. In here the important thing is decisive position of data m the shift pulse time. 

For example, 1 data's is in A point 1 data's is in B point O data's is in C point examples. 
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Decisive position in D point is 1, because while shift pulse going from O to I; 

data value stayed decisively periods 1 pulse time in ON position, so D point of data's 

the time of going from 1 to 0, shift pulse which is still formed, can't catch and it can't 

be seen and examples the time of going from 1 to O of 14 pulse. 

If you attend E area of data diagram; it can't be exampled by data which is 

between 8 and 9 pulse and it doesn't accept like this data. According to this, for to load 

of data's to registers is the time of passing the time of piece of referans shift pulse 

(OFF~ON) 

2.12. COMPUTING FUNCTION 
one of the most important peculiarity of PLC system is computing and data 

embroidery function. As a main structure, PLC has this peculiarity. 

Some of these are: 

1) Addition 

2) Subtraction 

3) Multiplication 

4) Division 

5) BCD Binary Converter 

6) BINARY BCD Converter 

7) 4 DIGIT Comparation 

8) 16 Bit Data Loading 

9) 8 Bit Data Loading 

10) Data Saving-Decrease 

11) 16 Bit Data Store 

12) 8 Bit Data Store 

13)Data Display 

14) BCD Shifting Left 

15) Data Shifting 

42 



43 

SIEMENS (Simatic) Comparison Function 

In comparison operations: 

!=F (equal) 

:;tF (not equal) 

>F (big) 

>=F (big equal) 

<F (small) 

<=F (small equal) 
Instructions are used for make desired comparison, and if YES decision is 

reached, Q output will give ON position >F control was done at the above. According 

this, IBO value which is in ACCU2 will be compared with IB 1 in ACCUl, if 

ACCU2>ACCU1, QlOO will remove ON position. If this condition is not provide, QlOO 

will stay OFF position. 
Arithmetically +F instruction will provide addition of 2 complete number this 

instruction add ACCUMl and ACCUM2, of for -F instruction distinct the 2 number. 

From ACCU2's contents will distinct ACCl 's contents. 



CHAPTER III 

DETAIL ANALYSIS OF PROGRAMMING 

3.1 BASIC INSTRUCTION WORD 
Instruction word list 

a) Basic Instructions: 

I Symbol ] Name 1 
I LOD Load 

AKD A:,,;D 

OR OR 
orr Output 
MCS Master Centro) s~t I 

~ICR Master Control R~~r.t 
, SOT ~inglt: Output 

Tll1 Tirner 
C~T Counter 
8FR Shift Register 

r E~D End 
.SET St't 

R.-,T . Rese: 

J:\1P Jump I 

JEND Jump End 
:NOT ~iJt 

FL'.\ ·1 Funcuon 
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b) FUN (Function) Instructions: 

We can divide the instructions into 2 parts. These are ; 

One - address instruction 

Two - address instruction 

There are 2 kinds of address instruction. Generally first address is the 

instruction word. In LOD, AND, OR, OUT, SET, RST, SOT instructions; there is a 

instruction word and number and addressing is obstructed with this that single 
addressed instruction. 

Two addressed instructions; SFR, SFR NOT, TIM, CNT, FUN 100-146, FUN 

200-246, TIM FUN, CNT FUN, FUN 147 and FUN 300. In this instructions first 

addresses are give instruction word and instruction numbers (Except FUN 147, FUN 

300). As for second addresses are present peculiarity according to instruction. 

There are some deliver numbers that referenced by FAlJ at the below. 

c) Input: 

0 7, 10 17, 20 27, 30 37, 40 .47, 50 57, 

60 67, 70 77 are numbered like this. In here inputs are considered to OCTAL 

system which is between 0- 77. If you attend 8,9, 18, 19 ,28,,29 , 78, 79, numbers are 

not used. In octal there are 64 unit input number between 0- 77 ( except 8 and 9). 

d) Output: 

200 ,, .. 207, 210 .217, 220 :.221, 230 237, 
240 247, 250 257, 260 .267 and 270 277 numbered. Like 

input there are 64 unit output numbers between 200-277 ( except 8 and 9). 

e) Internal Relay: 

400-407 490-497 580-587 
410-417 500-507 590- 597 
420-427 510-517 600-607 
430-437 520- 527 610-617 
440-447 530 - 537 620-627 
450-457 540- 547 630-637 
460-467 550-557 640-647 
470-477 560-.567 650-657 
480-487 570-577 660-667 
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670-677 680-687 690-697 

There are 240 units (30x8=240) internal relays between 400 and 697, we can 

appoint the TIMER, COUNTER or FUN outputs to the any of 240 sensor and then can 

use of this sensor for take new data or count value. 

f) Special Internal Relay: 

There are 16 units become 700-707 and 710-717. As an example of these, we 

can use the signal generator which produces 1 sec clock sign, that means we can use 1 

Hz clock pulse sing ready. 

----ll i---l - 
714 

We can use the signal generator which produces 0.1 sec clock sign that 

means 10 Hz clock pulse sign ready. 

--11- 
715 

g) Timer: 

There are totally 80 unit timers between O and 79. If you attent you can use 8 

and 9. You can use any of TIMER that include O and 79. In there its enough to know for 

you that totally there are 80 unit TIMER that include 0- 79. 

h) Counter: 

Totally there are 45 unit counter between O and 44. If you attent you can use 8 

and 9. 

i)Reversible Counter: 

It is counter which can be counted forward or review. While other counters can 

only count forward counters number 45-46 can count forward or review. Counter 45 has 

up and down pulse input edge yet counter 46 is connected to only one input of up/down 

situation and when this edge is 1 up and when it be comes O it counts down. 

j) Shift Register: 

There are 128 shift register between O and 27 including 8-9. 

k) Single Output: 
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We can use 96 SOT functions between O and 95 including 8-9. 

1) Data Register: 
Between DRO and DR99 and between 800 and 899, we have 100 data register. 

3.2 FAlJ SERIES ALLOCATION NUMBERS OF SPECIAL 

RELAYS 
As known special relays are 700 and 717 relays except 708 and 704 from these 

numbers 700 and 705 are unused. 

701 and 702 Start Control: When input number 0, which used to start the 

program is on or if number 500 has been appointed to automatic start process. It starts to 

tum the program on. Special relays 701 and 702 are off the process of the program is 

stopped. 
703 All Output OFF: All outputs between 200 and 277 are off when special 

relay 703 turns into ON. 
704 Initialize Pulse: Special flag ( 1 scan time) 704 becomes on as much as the 

time equalling 1 scan time. When program FAlJ started being processed. 

704 Numerical Value Error: Is there an error in computing instructions 

results. 706 becomes on for example; if the result of a subtraction process is lower than 

-10.000, special relay 706 becomes on. They make sure that the program is correct from 

the point of view numerical process while they register the programs. 

707 Curry and Borrow: It there is carry or borrow in the results at computing 

instructions. 707 is set for example; in a addition process the total of 2 numbers are 

higher than 9999, 707 is on. 
713 1 sec. Timer Reset: When 713 is on special relay 714 is always reset 

mode. 
714 1 sec. Clock: It is possible to take signal generator producing clock sign 

for one second or clock pulse sign for 1 Hz from special relay 714. 

715 100-msec. Clock: We can remove our clock pulse that is for 10 speed by 

using special relay output of 715 with this sign. 



716 Timer/Counter Preset Value Changed: Special relay 716 becomes on 

when timer counter preset value has been changed into unit of F AIJ CPU. It is possible 

to delete 716 when pressed key of TR S, ENTR and ENTR. If a program is registered in 

memory. 

717 In-operation Output: Relay 717 is always on while FAlJ is operating of 

the program has ended this relay becomes off. 

3.3. BASIC INSTRUCTION 

Each program written in PLC are started in 2 ways. One at these that we can 

draw the program with its symbols in the location called Ladder Diagram and load it to 

the computer as this. The second one is that we can make direct attribution using the 

key team of PLC. Because of this it will be told example symbol and attribution us. 

Instructions later whole LOD instruction and the other instructions are being stated. 

a) LOD Instructions: 

This instructions is used at the beginning of logic diagram lines. It can be used 

once back by back or more than once to determine the situation at the beginning of the 

instructions such as AND LOD, OR LOD, SFR, CNT, TIM. As you see below an input 

relay is wanted to be loaded as a program. Symbol of it is declared as a show in ladder 

diagram. Program list from the statement. 

This program is loaded as O LOD I and O which is seen an address must be 

given in each line of the end one by one starting from each line of the program. Value is 

appointed to each line orderly. We have mentioned before which numbers are separated 

for shift register, output, input, special relay, timer counter. Imaginary internal relay at 

the machine PLC. 

We can divide our load process into 4 groups according to our functions. 

b) Input, Output, Internal and Special Relays: 

In the examples above example relay circuit of relay in ladder diagram and 

how the process of key and as a result of this the format seen in deplay was given. 

• We can choose a value between O and 77 except 8 and 9 in the example of 

input. 
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,.• :JV'¢ ca.n qhJ~9sc:.a, va!J,K~\bctwocp .2:()~:avct·2J7 G~ccp(,8~atJd 9·jp. the. c;xamiJlc 

o:routput: 
• we. can choose a. value between 400 and 091 except. s:.and--9in.ine.exa~:ple 

ef iintemat re1:ay; 
·yoff can· use soecial refa,·1:: which· vou needare between 700;;.717 in the examnle . . ,,,. ,., , , .. ,.~t?'"' .. , .·· .. J'.,., ....•... .J., ,.,, Y· .. ,, .. ,, , ·· · .. ·. ,, ,·, f'. 

ofl;peciaL ielay: tor ;ex:an~.pfe I use ,pµfse ,p;snerator of.clock .. for. one. speed: .with. special 

relay '714. 

· T wurrte<l tu use T8 frmer from' the so 'timers· behVeen 0-79 tnctuding, s and ·9 
hi6fe'iii1if yiiu sl~\:5 'how it,e ·load' pfo8eis Hatt hee'il· dohe. 

cf).: Counter: 
Yo1Jt :€.an· use an)! e,o,Wttcr,hctwecen .0 ,,and 46 including ,,s ra:IJ.d Q.. Loadprocess .is 

the .::;u:me as.aside. 

· e)' Shift:'ii~g(ster:. 
You..canuse-any.r~~istei:from-128'~-of:them-between-O'.arnfr:ffin.Gl~ding-.!fand-. 

9, Shift registee nymbGr€-.6'!· l-was l@ade@·in-the-ne~t~siie:- 

fj ·· AJ~,:l)',Iastfuctfoir: 
It is same as A"NTY logic we studied in Logic 'lessons. ·B6tli keys that are 

connected each other rapiilly are on, output 'is on and is the other situations Itbecomes 

OFF in logic •. ln a,multiplying~p-rnc,e-sse-s- both- inputs are 1- than- output- is 1 .. And- had- it, 

ended, with, 2 limit- switches- and- 1- soleaeid-valve in-erder to .understand- the Iogic better, 

Itrdi1:1.gran1s; it is stated· asrd_ay ladder diagram and· logic· diagram: 3(f we catf'H::11 mar 
LSt relay Aand~LS..2"reiay is._Bjnpufanduutpu(is..Y. In.such equality i(is..thatY=AJ3.'. 
accordinu to the compulsion- of'Boolean. If ooth-i-nnuts- are r iON).Y cutout will.be ON. 

.•••••. •.·.1. '..I. .. , _,, ·.'.A: 

,_ .. "''"'tl"'f· 3 nrAl.."1:-,iJ;t•·PS: ,,.,,1ct-nu+ .. ·Y w,rill· t..q. 8 ('.Q -. .r:'f): y· AH· "'·"'·n-.<>A~ this ia ..•. h ~ ,+.OC,hl"'l'- r.,f .. +~,,.t -h.·- U-1..-u,l, ,..,,_. _. 't'-1...v,ti,'°~'1.- .•. 'i. .;..-.,l3, .,v.w..t,_e.U,l, -~·•,.. -t!hi, ,., ·,· ~ , .. V\.C. -~..._,.. ,..;,J •• f~ .•.••.. lll ·· · _- ~ t.,; ~w--"'-" .-v- ,14-~---· 

A 
'kn i. . ~ TTL . L . . . ,1- d . 1.. ,.,. s .. ·· · o,vn, tne senes -01 · ·· ··· rn og1c entegrate contammg "'t- an -gate w1tn· z: 

inputs in 740&. As in the cfrcuit ,% has be·e11 made equal to ladder diaig1Ji:ttt by nsing 
7408. In both of them the function of output and working are same. 



Or instruction has the same furrctiorrs us or· gate logic we studre,J ,~n logic 

lessons. In here.just only one of the keys are OFF or 1 is enough fur output to be 1 as 2 

keys are connected in the parallel way, As a result there is addition .process and in this 

process one of the 2 parallel inputs is enough to be one. 1 gave 2 '.important 

Intormatinu's with, o-r -instr-1-t~tion. 011e as. them -is -out f1·1·1<1-~tio11 that -is. -symbolised with 

200 m the circle. 1 vvi:11 speak about out function- 2 er 3 classes- fat-er. But now, 1 gave 

output of paraHel circuit, output 200' for the first time· it means that I- mentionedthat 

special relay 704: is a clock pulse generator that has f=L Hz. You see signal of clock 
pulse in the diagram. We determined time of I and O in input relay of 36 by chance now 

.so that nothing wili be by chance in the foll.01;-'!;ring lessons. Let's accept that there is a 

time diagram forto learn or let's assume that -input 3:6 .is gained by making ON/OFF in 

the form. If we think that output 200 is connected to a Ianrb, the 'situations tfrat Jamb wiIT 
he on are the times that output 200 is j _ 

In this example, in order to understand or instructions better firstly, 2 limit 

by using only lot gate of integrate of 7432. It is enough to make on only one of the 

inputs for the outputs to be, C}N in, 3 equaliaxence. circuit to make output, OEE_ It.is, 

necessary to make- both parallel inputs-ORF. This.position.was.shown.in .the truths-table 

h) NOT Instrnctionsr 

It has the same duty .as NOT gate that you studied in the logic lessons, We take 

the opposite of the sign. If we have a look of the example above, they take the opposite 

sign is _going roeontiaae from- B'peinr . as- logic 0; became of the instruetien- of L0D- 
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ABSTRACT 

·PLC (Programmable Logic Centrellers) is a thing that programmable with 

computer- sepportto take more" efficiency from-time-and-workers: It-is-dividedmtotwc 

parts. Hardware and software. 

The hardware are the carts of machine those " •. .,. r"DI l J «, device and _tJ· .U,..U,·.l.LI..LV 11,...l.J.'-'V 1.4--..1.V '--".L'-1, . .LJ'-" UVl'J.V U.-.1.U 

Programming device. CPU is basic- microprocessor system- and it .carries .out as .control 

sensor, counter, timer function. CPU carries out stored user program in memory will 

input informations from various· sensor circuits and can sending suitable output to 

commands and· control circuits. I/0 Modi.!l'e receives f20 VAC signal in device or 

.processing device.and . transforms 5 \'DC.si51rial form. 

There are many specialisation such .as timer, counter, -master control set, which 

works data and controis program, master controi reset, JMP. There- are command which 

are mathematics process that are comparator processes. These are the main function and 
feature of software part of PTT. 
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INTRODUCTION 

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. 

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-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. However, even today some are still based 

upon the 2903. Modicon has yet to build a faster PLC than there 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 analogue world. 

Unfortunately, the lack of standardisation coupled with continually changing 

technology has made PLC communications a nightmare of incompatible protocols and 

physical networks. 

The 80's saw an attempt to standardise 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. 

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

and the modernisation 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, 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. 
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CHAPTER I 

1.1. THE TYPES OF PLC 
In general, PLC divides to three sections; 

*Central Processing unit( CPU) 

*The input/output section 

*The programming device 

~ut 
.. I , devwaa 

Figure.1.1.1. 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. 

I/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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The desired program loads to processor's memory by programming device or 

terminal. This program can enter to relay during using ladder logic. Program can be 

obtained till the main control or machines by sequential processes. 

a) PLC size and practice: 

There are 3 different categories of PLC; as small, medium and large. 

*In small group category, PLC has bigger than input/output of 128 VO and 

bigger than memory of2 KB. 

*In medium group category, PLCs have bigger than memory of 32 KB and 

2048 I/0. Special VO module provide easily adaptation in process control practice, 

analog functions like temperature, press, current, weight and position. 

*In large category, PLCs have bigger than 750 KB memory and bigger than 

input/output of 8192 VO. This group is for unlimited practice to give force. 

Nowadays, PLCs are used in all area of industry along in chemistry, 

automotive industry production of steel and paper factory. 

b) 1/0 unit: 

I/0 unit forms is the input/output rack of PLC. I/0 unit receives 120 Vac signal 

in device or processing devices and transforms 5 V de signal form. In output units 

controller signals (5Vdc) are used to devices or processor control as 120 Vac. These 

output signals provide low current control that used in power electronic elements or 

optic isolators. Input/output unit in PLC can be put in the same structure or different 

structure with CPU. This standard input/output unit is in the following shape. 
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0000000000 
0000000000 
com+l 3 5 7 NC 1 3 5 7 
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L N GND 

000 
POWER 

IDEC 
FA-lJ 

MEMORY PACK 

POWER 

RUN 

ERROR 

DC INPUT 

000000000000000® 
0123456701234567 

RELAY OUTPUT 

00@0@@@ 

00000000 
00000000 

Figure. 1.1.2. In the same structure CPU with PLC I/0 unit 

Between processor and I/0 rack communication different connection cables are 

permitted. This condition is as the following figure 1.1. 3. 

Processor 

PT.C 

["" •:• ""'""".' ""••••••••• .. •·-·-·-····-··-~···•··· •·• .,,.::•l ["' ,,.,..,w.,,n,n••••••• ·•· 1 
' · F'irst Second ]! iD[ 

R.oek R~k ,; ~ i 
l!O I L'O ! ' : . , Ii ~~ 

;.,..,,,.,,..,..,,,,..,,,•,••,·-•-•••~••••••••••••••••W•••W"'"''~ L .. ,..,,.,.,.,..,,, .. , .J 
II.Adresi- Group Rack 

I/0 

Different Connect Ca.ble 

Figure. I. I. 3 Between Processing I/0 Racks communication 
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I/0 units each input/output has a special address. These addresses are known 

by the processor. To connect output/input an element with I/0 or separating is very easy 

and quick. Furthermore to change with an another module is very easy. ON/OFF 

condition of I/0 circuit each module shows with light. Many output modules have 

rubbish fuse indicator. 

c) Different 1/0 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 I/0 module 

takes its power from common voltage sources. These voltages can be different size and 

type. These are showed in the following table. 

Input Interface 

24Vac/dc 

48Vac/dc 

120Vac/dc 

230Vac/dc 

5Vdc (TTL level) 

Output Interface 

12-48Vac 

120Vac 

230Vac 

120Vdc 

230Vdc 

5Vdc (TTL level) 

Power Logic .... -----~--. - - 
\ I -P~ 

-t:+- 
Input mo V ac\;ignal 

L2 -, 

Zener 
Diode 
Level 

Detector 

1111.t••••• •WI I 

: izol,tllr ! 
•••••••••• , •. 1 

Logic 

1----·l, 

Figure.1.1.4 AC input interface block diagram 
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Shows that entries block diagram for an alternative current to input module. 

Input circuit compose of to main section as power and logic section. 

__LPB Llro--~ 'R1 

{2~0V t1Cl 

ul 

I 
Rectifier 
Bridge 

I 

+ 

r········ :L 

Figure.1.1. 5. Simplified Circuit For a AC Module 

Ll 1~220Va( 

JP"~; 
- Q-• 10\ '~/ 

_/ 
(P1u1h-Dotum) 

--- Input Case 
_,.... Indicator 

t 
I 

inpul mo1:it.1le 
terminal lm1!rd 

Figure.1.1.6. Linking To PLC Input Unit of 220V Input 

Figure 1.1.4 and 1.1.5 shows figural diagram of Ac input module for input, 

also figure 1.1. 6 shows connect terminal. 
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When push button shuts down, bridge type treatment exercise 220V AC 

voltage from R1 and R2 resistance's. 

Zener diode (ZD) voltage limit regulates according to low level voltage. 

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

level voltage (SV' de) is transmitted. 

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

processor 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. 

l'OWl:\l' ------- .._, ~ ....•..• ------- --.... 
I. 

Output 
Level 
Indicator 

•. , 
,-{}--, 
/ ' ! Output Lamb 

___ __, -l -··---i...-.., 
. ,,,.,,. I r! c-. 
l .(lgir. . i Izolator ! .. --___J--·· .,... ( I I r.~ 

5Vdc 

~Ll 
Electronic I ,._,, 

(2:tll V .'IC i Switch 

Figure. 1.1. 7 typical a block diagram of output interface module. 

Figure. 1.1. 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 output is controlled by the 5V comes from logic unit. In this unit, 

proces_sor sets output conditions. 

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

voltage (5V' de), however, phototransistor is switching and conducting. This means that 

to detect and conduct of triac, and lamp, that uses as output element, tum on ON 

condition. 

When led in logic unit tum off, logic become O condition and phototransistor 

cannot conduct. If a DC device in output will be controlled, it is carried with circuit. 

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

department. 
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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. 

rJpLJII. 
11.nl~tnr 

Output L&rnh 

I~- Ll 

__ YJ.... T,·i.,k i 

if!··~==·;;LL'.1 1 

,nn \i ac) 
,D "'"' ·---··_·····~ .••.................. __ j 

L2 

Figure. 1.1. 8 Simplified circuit of an AC output module. 

Output ModulefT erminal Board 

Figure. 1.1. 9 Internal wire connection typical an output module 
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Figure. 1.1.10 Sensor connection points 
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/ ' 

o---@--o 
CCR l lCR 2 
:,-f~ 

NO b · r--,.~ 

o- - -·· .a% 0·1, ,1 I C 

TERM!K 

~ Ilcatcr 
W:.I. 

o--- \ • . . o Rn.lf'!nmrl 
'J 

Sol P.nmd v .:1,],,e 

!lnm 

Figure. 1.1.11 Symbols of output control circuit 
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d) Analog input/output unit (1/0 modules): 

First produced PLCs only had been limited with separate I/0 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 (I/0) 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. 

e) CPU (Central Processing Unit): 

Central Processing Unit provides to communicate between power supply and 

processor memory modules. In figure 1.2.12b 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. 



I• 

I• 

' a) Sim.plies of CPU St:ru.cture 

PMWII' t.1,1pply f ci-~ PowerSupply 

fmirJ CPU 

Figure. 1.1.12 CPU; the elements of central processing unit (a) the structure of simplified CPU 

(b) power supply unit different from CPU 

f) Processor-Memory Module: 

CPU is the brain of programmable of controller and a big part of CPU family 

forms from processor memory unit. This module cover microprocessor, memory chips 

programming device and necessarily communication circuits for processor interface. 

Furthermore processor carries out other functions. For example, it carries out 

timer, counter, compare, keeper and addition, subtraction, multiplication and division 

functions, which are four main functions of mathematics. 

\1 

1.2. MEMORY 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. It stores special information parts, which is named as memory bit. 1 

byte = 8 bit, 1024byte = lkbyte and the number of memory capacity is stated these 

units. 

I 
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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. 

a) I. Group Memories: 

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

(RIW). 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. 

b) II. Group Memories: 

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

programmable. It is divided four into groups; 

1) PROM (Programmable Read-Only Memory): it is a special type of ROM. 

PROM memory allows to writing of information in chip, these information are provided 

or there 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 tum back. For this reason, firstly all 

mistake control process must be finished. 

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

memory type that is used in PLC devices. Written programmable firstly, is store in 

EPROM memory and is sent central processing unit. 

3) EAROM (Electrically Alterable Read-Only Memory): It is like EPROM 

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

clean by erasing, an eraser voltage is exercised to suitable pin. When chip erases one 

time, it can be programmed again. 

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

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. 

13 
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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 1 conditions are ON/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 links interface of output. The logic conditions of output units are stored 

in this memory and it is taken from this logic level memory and transfers to output unit. 

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. 1.3 .1) 

rtS··o7/ I ., 

(~~) 

..L 
I 
T d 
"' ~ 
" I r. 

" ev,: . . . 

Memory I •o ~ f-@ u __., ~ oil 
1l 

I ~ I CPU •• l (§) 

pOWll!r rupply 

Figure. 1.3.1. 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 

crystal 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 

IDEC FAl Junior module is shown at table 1.3.2. 

FA-2 PROGRAMMABLE CONTROLLER 

~ LOD T PROGRAM LOADER 

Figure. 1.3.2. Programming Device of IDEC FA-1 PLC. 
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CHAPTER II 

2.1. 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 

NAND 

NOR 

SET 

RESET 

Furthermore there are many specialisations such as TIMER, COUNTER, and 

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

MASTER CONTROL RESET (MCR), JMP. 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. 

2.2. CREATE OF LEADER DIAGRAM 
a) Start Commands: 
These commands are first element of program. There are two type contact 

conditions as at table 2.2.1. First normally is open also second close. 

Normally, starting with open contact this program command is to get command 

as LD IN, LD, LOD A, on PLC device. And also close contact is stated as LDI, LD 

NOT, LOD NOT, AN. 

16 
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LADDER 
COMMAND LINE 

SYMBOL IDEC FESTO AEG Mitsubishi Siemens OMRON 

~I LD FLAGF 
LDF AF LODF UF LDF 

F 
Nonnally LDINF 
open contact 

~ 

LDNOT 
FLAGF UNF LDIF ANF LDNOT 

LOD F 
Nonnally NOTF 
close contact LDNOT INF 

Table 2.2.1. 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) 

UND-NICHT command is used for closed contact. 

Also at SIEMENS 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 

LDNOT. 

Also at PESTO 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 ... 



b) AND and OR Exercising: 

:--~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~- .. ~ 
LADDER COMMAND LINE 
SY!IIBOL IO:Za: IN!H'l'V ilJilCl Xl':'ll!JllPIII Simu!G OMJ.WN °H!'rAC!Il 

1--~~~~~~..1,-~~~~-+-~~~~-·-- i3fMAilt. 
xi xs IE..l)PXl t.l)ll\'Xl UXl t,ll XJ AX1 1..1.> XL LD xi ~ f---{ ~ 'A.VP xa .'\N'D JN xz .,. X:il A NO ~ll AX2 /\.'II) x:: A."'f.D X:l 

xi xa ;~·Xl f :o ,IS' X1 t: xi t.h Xl AX! LD :C1 1..D Xl --H---,lf--- :\ .. "ID ~OT X;a° ,\ ND NtlT tr( X2 l-":li ::a AN] ::a .•. ':'-I X:;i! A1'"D NOT Xl ANI X2 

XL r f----, IA.l[) :X l LO !J>i Xl V xi t.D Xl 1 .A Xl C.U Xl : u, x; ~ ,__t- (lft 1(11 Oil xa I Ola OR X2 0 X2 OR. X2 OR JU 

X:l 

xi LOD X1 LD t!'f X.J U lCl LD X1 AX! LD X:1 1.D Xl Q ORNOTX2 ORNOTX2 ONX2 ORID 0::-1)(:;! O~NCITx.3 O&IX2 

X2 

Table 2.2.2: Symbol and command line AND and OR exercises. 

c) 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. 

L. 

b 
·- 

COMMAND LINE -- 
AEO l',ll'l"SL"SISHl s•- OMRDN Ht'l'Al':H] FES?O ,~ .. ~- 
t; xtl 1,ll xi • 

1.0D xi LDINXl AXl LDXl 'LOXl 
OFI'X2 =0UTX2 =Xi' OUTX2 = X2 OU'l' X2 OUT )(2 l 

I 
\ 

' 
\ -· 

' ' l --ci ~ ion XI LD IN >Cl U Xl 1.DXl A Kl LD Xl W xi l 

i SET X2. SE FLAG X2 SL X2 s X.:t 8 lC2 S€T X2 SET X2 
l X2SE 

' I Hl-<srl 
. x.1 sn , 
Figure.2.2.3. 
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2.3. SPECIFICATION OF EXAMINED PLC 

a) Mitsubishi Fl 20 MR 

ELEMENT Symbol Fl 2<lMR 
{f nputs) x 12 Unit 401) - HJ ·-- (Output;;j i y i~ Unit 490 437 ~-- ... 

(Tim~r) 0.1 5- I 1' 24 Unit .">0 - :i7, ~-50 - 457 - - (Timer, 0.01 s 1' I g U :nit ssn - 657 
(Counters) G ;,f.1 Unit 60 - 6'7, 4fi0 - 46-7 

: 
...... ·-.1. 

(Big speed counter) C 2 Unit f-i60- 661 
" 

(Interna l Rel a)) M 64 Unit 10 - l'l7 .. . 
l\·1 16 Unit 

(Speci.1:1.1 Internal H(d~;,'1 ,o - 77, 47r:J . 473, :m, - .!575 -~ -···-- Battery of Feeding Senior M 61 Unit ,;oo - :rn 
(,Jump.i M K4 Unit 7()0 - '777 

•.. ·- 
Table 2.3.1: table of element and element numbers 

F1 10F.n I 
X I 411:dt 414-417 

Y 6 11:dt '140 - 445 

Table 2.3.2. Increasing unit 

Fl 20 MR PLC as 12 inputs 8 outputs, which we use. If more input and output 

are necessary, input/output-increasing units are plugged to PLC. These units have 

various numbers output and input. At table 2.3.1, there are 4 inputs 6 outputs for Fl 10 

ER model. 
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b) Siemens Sima tic S5-90U 

Element Name ELEMENT ADRESS 

(Input) I0.0- 1127.7 
(Oul.pur..) QO.O-Ql27.7 
lFlag) •retentive> FO.o .. Foa .• . - 

(Flaf.) (~~~~t'!l.f'ntivHi 1<'6:l.O - 1''127. 7 
Accumulator ACCUMl AflCL:M2 .......,_ -~ ... .. 
Timer Tf.l-T3t 

, ..•.. 
(retentive) CO - <~1 

(Cour1t&r) (nonrentrnl.iv~) C8 - C:31 
Kn (Cun~t.1,mL) 1 by~~. 0 - 255 
KC (Constant count) (} - fl9fl 
KF (Turn a~.:,·1 hu) - 32768 t3:1,;'67 
KF (Hcksadestmal) 0 - i,·~·f~' ~ 
KY (2 byte) 0 · 2n,=, (her hitJ 
K'J' (Timer) o.o-mm.3 
r,·n (Functien block) 0 63 
DB mat.a block) :.! - t;:i l9, H1J 

Table 2.3.3: Specifications ofS5-90U model Siemens Simatic. 

c) AEG Teachware modicon A020 

Operand Type Operand Unit 

(inpu~) El - F.24 24 -~- (outpuUt) Al-Al6 16 .. 
i\ n a I ug Input •. EW,\ l - ~-:.WA 4 4 anal of};' 
Armlog . Output AWAl l analog - 
Mem.ozy Ml-Ml~ l :.lH Unit 

Timer T't - 'f16 16 timer 
Counter ZI - Z1o 1 fi Counter 

Table 2.3.4. Specifications of AEG Teachware A020 
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d) FESTO (FPC 202C) 

1TOT.AL 
PARAMETERS SYMBOL ESalLANATJON 

UNlT - 
lS IJ\tfll"l'\al iopuw I -0.X und l rx jnput o.o .. o. 7 

1.0-1.7 - 
2 lnt.crnal h111f-wunls TWO and IWl 2 U\it 

HI Internal output.,, 0 O.X aud O i.x Out.put 0.0· 0.7 
1.0-1.7 - . 

2 ll'l~n1al uutJ)Ut half-wur,J1< OWO wid c'lW1 2, tmit - 
2156 ·Flags FO,Y to Fl6.Y Fla1,1: {0.0 0.15) (1.0, I . H'i} 

(2.0-2.15} .•..... (HH)-15.15) . 
., . - 

16 Fl~ word~ FV\o'O t., FW 1 n ns i:kut. Pnsmt 
- 

l TnitialuatiOfl ttl~ FI , - - 
'---· - ·- 

:.t4 Sfl'"'c:ial furn.;tio:m unit11 •. ue ro "Ft J2" 24 - ·- 
16 Field uu.s flll$l wwd.!!! F\.l32 to FtT47 HJ - 
32 Timf!r'FI '1'-0 to T31 32 - - - - 
32 Tame, wn,-ds 'T'WOtoTW31 32 - - - 
~2 Co.i11ters Cu t.o C31 32 - 
32 <':crunt.ei:-i. wOl'ds cwo to cwai 32 - .,. 
32 CcuJltP.M ,=,n::~.t (.,'WO to CW31 32 - - - 
64 Rce,pten C1 to R68 64- - - 
~ nrogr11m~ PCl tG P7 8 - - 
R p:rogtf,11'1(':Cioo module$ 00 u,H7 K - - .- 
1 Err()Ta I!: l - - 
l Error word EW l - - 

,f.tS Ext«rnal inJ)ut.s I2Xto17.'X inp\lt (2.ll-2.7) ~3.0-.1.7) 
.... (7.0 •... 7.7) = Tvp, 4A .. . 

~ E..,t-Ornal input wm-d."I lWi tn IW7 b 

46 Rx.renwl out:put 02.Xto07.X Output ei.0 .•. 2.7)"" 

1---·. 
(3.0 •.... :i.7) .... (7.0 .... '1.1) 

6 .l!::xternul output wor'dt3 OW2 t,n OW7 n 

Table 2.4.8 Specification of FESTO (FPC 202C) Module PLC 

In this table, x=(0,1,2,3,4,5,6,7) and y=(0,1,2,3,4,5,6,7,8,9,10,11,12,13,14,15) 

are. 

2.4. CREATING COMMAND LINE FOR LOGIC PROCESS 
Each process in PLC programming is stated by a command and these 

commands provides connections of relay and contacts together, designations of outputs, 

counter, programming of timers and making of arithmetic comparison processes. 

In our days, to experience PLC device of all firms are very hard. We will 

experience five brands. These brands are enough for us. 



BRAND 

l)IDEC 

2)FESTO 

3)MITSUBISHI 

4) SIEMENS-SIMA TIC 

5) AEG TEACHW ARE 

MODEL 

PAI-JUNIOR (FAIJ) 

202-C 

F120R 

S5-90U 

MODICON A020 

a) Loading of Open and CloseContact: 

-1-1- 
Normally open contact 

LOD (LOAD)-IDEC 

LD IN (LOAD)-FESTO 

LD (LOAD)- MITSUBISHI 

A (AND)- SIEMENS-SIMATIC 

U (UND)-AEG 

Normally close contact 

LOD NOT (LOAD NOT)-IDEC 

LD NOT IN (LOAD NOT)-FESTO 

LDI (LOAD INVERSE)- MITSUBISHI 

AN (AND NOT)- SIEMENS-SIMATIC 

UN (UND NICHT)-AEG 

22 



I MITSUBISID I 
X400 Y435 lo LD X400 

1 OUT Y435 
X401 X402 12 LDI X401 - 3 AND X402 

M177 14 OUT M177 

FEST0 

12.0 SF3 J 0000 LD IN 2.0 
0001 = FLAG 3 
0002 LD IN 2.1 
0003 AND IN 2.2 

12.1 12.2 SF4 I 0004 = FLAG 4 

23 



In here, commands for giving different brand and module normally. Explain to 

designation of contact and contact numbers are written after command. 

In AEG and Siemens PLC, a load command is not used in Siemens Module, 

open contact command normally is load written A (AND), load process is relazing with 

AN (AND NOT) command. 

In AEG module U (UND) and UN (UND NOT) commands are used for load 

process. As we know that these commands are used to serial AND and AND NOT 

exercises. 

b) AND exercise: 

Serial contact linking commands 

AND -(IDEC) 

AND IN -(PESTO) 

AND -( MITSUBISHI) 

A(AND) -( SIEMENS-SIMA TIC) 

U(UND) -(AEG) 

c) AND NOT exercise: 

Serial contact linking commands 

AND NOT 

AND NOT IN 

AND 

A(AND) 

U(UND) 

-(IDEC) 

-(PESTO) 

-( MITSUBISHI) 

-( SIEMENS-SIMA TIC) 

-(AEG) 
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FESTO 
SFO SFl SF2 SF3 

f-:tH 

SF3 SF4 SF5 

SIEMENS SIMATIC 
10.5 ro.4 n.2 Q25.o 

125.0 124.3 · F63.7 

0001 LD FLAG 0 
0002 AND NOT FLAG 1 
0003 AND FLAG 2 
0004 = FLAG 3 
0005 LD NOT FLAG 3 
0006 AND NOT FLAG 4 
0007 • FLAG 5 
0008 LD PROG 0 

A I 0.5 
AN I 0.4 
A I 1.2 
= Q 25.0 
AN I 25.0 
AN I 24.3 
= F 63.7 
BE 

d) OR exercise: 

Parallel contact linking commands 

OR -(IDEC) 

OR -(FESTO) 

OR -( MITSUBISHI) 

O(OR) -(SIEME"NS-SIMATIC) 

O(ODER). -(AEG) 

e) OR NOT exercise: 

Parallel contact linking commands 

OR"NOT 

OR"NOT 

ORI(OR WVERSE) 

O"N(OR "NOT) 

O"N(ODER "NICHT) 

-(IDEC) 

-(FESTO) 

-( MITSUBISHI) 

-( SIEME"NS-SIMA TIC) 

-(AEG) 

25 
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2.5. GET COMMUNICATE OF COMMAND BLOCK 

TOGETHER 

a) Serial Contact: 

Serial contact 

ANDLOD 

ANDLD 

ANB (AND BLOCK) 

-(IDEC) 

-(FESTO) 

-(MITSUBISID) 

-(SIEMENS) 

-(AEG) 

b) Parallel Contact: 

I.BLOCK - 

I-- II.BLOCK - 
ORLOD -(IDEC) 



0( 
) 

-(AEG) 

OR LD -(FESTO) 

ORB (OR BLOCK) -(MITSUBISHI) 

A(................ -(SIEMENS) 
0 

) 

2.6 SET AND RESET INSTRUCTION 

If any of the OFF position relay ( eg. Input, output register and internal relay) 

pass the ON position that is from logic O to logic 1. Pass instruction called SET 
command. RESET command is opposite of SET command that is ON position to OFF 

position, from logic 1 to logic 0. 

· Another peculiarity of SET and RESET instructions for working instructions 

input must be control with relay. It does not require any continuos signal or stroke. That 

means SET relay always logic 1 position with input relay. If input relay done OFF 

position does not effect setted relay while that RESET command come. 

1 
11-----l SET 210 

RST 210 

IDEC 

0 LOD 1 

1 SET 210 

2 LOD 400 

3 RST 210 

4 END 
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400-----' 
210_jiiR'fll_..N_L __ 

SIEMENS 

.0 
Ql27.7 

.1 
R 

Il27 

1127 

A I 127.0 

S Q 127.7 

A I 127.1 

R Q 127.7 

BE 

Il27D 

1127.1 _____ n n __ 
Ql27.7 
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2.7.SINGLE OUTPUT INSTRUCTIONS 

Our aim is make ON position, on scan time length. With these aim we use two 

different relays. First one is which makes control, other one is where we take output. 

The important point is; while controlling relay passing OFF position to ON, where 

output relay is 1 scan time length mould pass ON position to OFF. It is unimportant that 

controlling relay is protecting ON position. When the OFF position relay pass to ON 

position, we take 1 scan time length from output relay. 

2.8. JUMP INSTRUCTION 

Source peculiarity with JUMP instruction; determined program line or lines 

makes possive position that jumped by some condition, or conditions. Provided jumped 

relay is time of the ON position of JUMP command. 

MITSUBISID 

CJP (Conditional Jump) 

EJP (End of Jump) 

1. Program 

X400 

~ 

2. Program 

EJP777 

3. Program 

Note: JUMP instructions are between 700- 777 
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Above program is between the 1. and 2. Programs because of using JUMP 

instruction, 400-numbered input relay when passed logic 1 position, JUMP instruction 

come to active condition and 2. program jumped 3. program, and 3. program started to 

work. Because after the EJP, JUMP ending operation instruction. 

With 401 numbered input came logic 1 (ON) jumping operation starts and from 

CJP 700 until EJP 700 line program line jumps. 

Jumping operation goes when X401 OFF. When X401 OFF done program 

return to work normally and scan operation works line by line. 

While X401 OFF position, .Th1P function does not work. The important point 

is; before CJP instruction, EJP used must go to last EJP operation. Others will be 

invalid. 

2.9 TIMERS 
Let's now see how a timer works. Its exactly what the word says ... it is an 

instruction that waits a set amount of time before doing something. Sounds simple 

doesn't it. 
When we look at the different kinds of timers available the fun begins. As 

always, different types of timers are available with different manufacturers. Here are 

most of them: 

On-Delay timer-This type of timer simply "delays turning on". In other words, 

after our sensor (input) turns on we wait x-seconds before activating a solenoid valve 

(output). This is the most common timer. It is often called TON (timer on-delay), TIM 

(timer) or TMR (timer). 

Off-Delay timer- This type of timer is the opposite of the on-delay timer listed 

above. This timer simply "delays turning off'. After our sensor (input) sees a target we 

turn on a solenoid ( output). When the sensor no longer sees the target we hold the 

solenoid on for x-seconds before turning it off It is called a TOF (timer off-delay) and 

is less common than the on-delay type listed above. (i.e. few manufacturers include this 

type of timer) 



Retentive or Accumulating timer- This type of timer needs 2 inputs. One input 

starts the timing event (i.e. the clock starts ticking) and the other resets it. The on/off 

delay timers above would be reset if the input sensor wasn't on/off for the complete 

timer duration. This timer however holds or retains the current elapsed time when the 

sensor turns off in mid-stream. For example, we want to know how long a sensor is on 

for during a 1 hour period. If we use one of the above timers they will keep resetting 

when the sensor turns off/on. This timer however, will give us a total or accumulated 

time. It is often called an RTO (retentive timer) or TMRA (accumulating timer). 

Let's now see how to use them. We typically need to know 2 things: 

What will enable the timer. Typically this is one of the inputs.(a sensor 

connected to input 0000 for example) 

How long we want to delay before we react. Let's wait 5 seconds before we 

tum on a solenoid, for example. 

When the instructions before the timer symbol are true the timer starts 

"ticking". When the time elapses the timer will automatically close its contacts. When 

the program is running on the plc the program typically displays the elapsed or 

"accumulated" time for us so we can see the current value. Typically timers can tick 

from Oto 9999 or Oto 65535 times. 

Why the weird numbers? Again its because most PLCs have 16-bit timers. 

We'll get into what this means in a later chapter but for now suffice it to say that 0-9999 

is 16-bit BCD (binary coded decimal) and that Oto 65535 is 16-bit binary. Each tick of 

the clock is equal to x-seconds. 

Typically each manufacturer offers several different ticks. Most manufacturers 

offer 10 and 100 ms increments (ticks of the clock). An "ms" is a mili-second or 

1I1000th of a second. Several manufacturers also off er 1 ms as well as 1 second 

increments. These different increment timers work the same as above but sometimes 

they have different names to show their time-base. Some are TMH (high speed timer), 

TMS (super high speed timer) or TMRAF (accumulating fast timer). 
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Shown below is a typical timer instruction symbol we will encounter 

( depending on which manufacturer we choose) and how to use it. Remember that while 

they may look different they are all used basically the same way. If we can setup one we 

can setup any of them. 

ENABLE! Txxx 
yyyyy 

This timer is the on-delay type and is named Txxx. When the enable input is on 

the timer starts to tick. When it ticks yyyyy (the preset value) times, it will turn on its 

contacts that we will use later in the program. Remember that the duration of a tick 

(increment) varies with the vendor and the time-base used. (i.e. a tick might be lms or 1 

second or ... ) 

0001 I TOOO 
100 

TOOO 0500 

In this diagram we wait for input 0001 to turn on. When it does, timer TOOO (a 

lOOms increment timer) starts ticking. It will tick 100 times. Each tick (increment) is 

lOOms so· the timer will be a lOOOOms (i.e. 10 second) timer. lOOticks X lOOms = 
10,000ms. When 10 seconds have elapsed, the TOOO contacts close and 500 turns on. 

When input 0001 turns off( false) the timer TOOO will reset back to O causing its contacts 

to tum off(become false) thereby making output 500 tum back off 

ENABLE I Txxx 

RESET I YYYYY 



33 

This timer is named Txxx. When the enable input is on the timer starts to tick. 

When it ticks yyyyy (the preset value) times, it will tum on its contacts that we will use 

later in the program. Remember that the duration of a tick (increment) varies with the 

vendor and the time-base used. (i.e. a tick might be lms or 1 second or...) If however, 

the enable input turns off before the timer has completed, the current value will be 

retained. When the input turns back on, the timer will continue from where it left off. 

The only way to force the timer back to its preset value to start again is to tum on the 

reset input. 

0002 

TOOO 
0001 I 100 

TOOO 0500 

In this diagram we wait for input 0002 to turn on. When it does timer TOOO ( a 

lOms increment timer) starts ticking. It will tick 100 times. Each tick (increment) is 

lOms so the timer will be a lOOOms (i.e. 1 second) timer. lOOticks X lOms = 1,000ms. 

When 1 second has elapsed, the TOOO contacts close and 500 turns on. If input 0002 

turns back off the current elapsed time will be retained. When 0002 turns back on the 

timer will continue where it left off. When input 0001 turns on (true) the timer TOOO 

will reset back to O causing its contacts to turn off (become false) thereby making output 

500 turn back off. 

2.10. COUNTERS 
A counter is a simple device intended to do one simple thing - count. Using 

them, however, can sometimes be a challenge because every manufacturer (for 

whatever reason) seems to use them a different way. Rest assured that the following 

information will let you simply and easily program anybody's counters. 
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What kinds of counters are there? Well, there are up-counters (they only count 

up 1,2,3 ... ). These are called CTU,(count up) CNT,C, or CTR. There are down counters 

(they only count down 9,8,7, ... ). These are typically called CTD (count down) when 

they are a separate instruction. There are also up-down counters (they count up and/or 

down 1,2,3,4,3,2,3,4,5, ... ) These are typically called UDC(up-down counter) when they 

are separate instructions. 
Many manufacturers have only one or two types of counters but they can be 

used to count up, down or both. Confused yet? Can you say "no standardisation"? Don't 

worry, the theory is all the same regardless of what the manufacturers call them. A 

counter is a counter is a counter ... 

To further confuse the issue, most manufacturers also include a limited number 

of high-speed counters. 

High-speed Counter : 
Typically a high-speed counter is a "hardware" device. The normal counters 

listed above are typically "software" counters. In other words they don't physically exist 

in the plc but rather they are simulated in software. Hardware counters do exist in the 

plc and they are not dependent on scan time. 

A good rule of thumb is simply to always use the normal (software) counters unless the 

pulses you are counting will arrive faster than 2X the scan time. (i.e. if the scan time is 

2ms and pulses will be arriving for counting every 4ms or longer then use a software 

counter. If they arrive faster than every 4ms (3ms for example) then use the hardware 

(high-speed) counters. (2xscan time= 2x2ms= 4ms) 

To use them we must know 3 things: 

Where the pulses that we want to count are coming from. Typically this is from 

one of the inputs.(a sensor connected to input 0000 for example) 

How many pulses we want to count before we react. Let's count 5 widgets 

before we box them, for example. 
When/how we will reset the counter so it can count again. After we count 5 

widgets lets reset the counter, for example. 
When the program is running on the plc the program typically displays the 

current or "accumulated' value for us so we can see the current count value. 
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Typically counters can count from Oto 9999, -32,768 to +32,767 or Oto 65535. 

Why the weird numbers? Because most PLCs have 16-bit counters. We'll get into what 

this means in a later chapter but for now suffice it to say that 0-9999 is 16-bit BCD 

(binary coded decimal) and that -32,768 to 32767 and Oto 65535 is 16-bit binary. 

Here are some of the instruction symbols we will encounter ( depending on 

which manufacturer we choose) and how to use them. Remember that while they may 

look different they are all used basically the same way. If we can setup one we can 

setup any of them. 

ESETI Cxxx 
yyyyy 

In this counter we need 2 inputs. 
One goes before the reset line. When this input turns on the current (accumulated) count 

value will return to zero. 
The second input is the address where the pulses we are counting are coming from. 

For example, if we are counting how many widgets pass in front of the sensor 

that is physically connected to input 0001 then we would put normally open contacts 

with the address 0001 in front of the pulse line. 
Cxxx is the name of the counter. If we want to call it counter 000 then we 

would put "COOO" here. 
yyyyy is the number of pulses we want to count before doing something. If we 

want to count 5 widgets before turning on a physical output to box them we would put 5 

here. If we wanted to count 100 widgets then we would put 100 here, etc. When the 

counter is finished (i.e we counted yyyyy widgets) it will tum on a separate set of 

contacts that we also label Cxxx. 
Note that the counter accumulated value ONLY changes at the off to on 

transition of the pulse input. 



0002 

cooo 
0001 I 100 

cooo 0500 

Here's the symbol on a ladder showing how we set up a counter (we'll name it 

counter 000) to count 100 widgets from input 0001 before turning on output 500. Sensor 

0002 resets the counter. 
Below is one symbol we may encounter for an up-down counter. We'll use the 

same abbreviation as we did for the example above.(i.e. UDCxxx and yyyyy) 

UP 

UDCxxx 
DOWNj yyyyy 

- 
RESET 

In this up-down counter we need to assign 3 inputs. The reset input has the 

same function as above. However, instead of having only one input for the pulse 

counting we now have 2. One is for counting up and the other is for counting down. In 

this example we will call the counter UDCOOO and we will give it a preset value of 

1000. (we'll count 1000 total pulses) For inputs we'll use a sensor which will turn on 

input 0001 when it sees a target and another sensor at input 0003 will also turn on when 

it sees a target. When input 0001 turns on we count up and when input 0003 turns on we 

count down. When we reach 1000 pulses we will turn on output 500. Again note that 

the counter accumulated value ONLY changes at the off to on transition of the pulse 

input. The ladder diagram is shown below. 
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0001 

0003 I UDCOOO 
1000 

0002 

cooo 0500 

Siemens Simatic : Pulse Timer (SP) 

IOIO ·-- SP 
TIMER31 
PRS:CONSTANT! Q 12~ 7 
200.2 ---< TQ ,-- 

10.0~ 

Ql27.7~ 
T = 200xlsn. • 200sn. 

10.0 input sensor works T31 timer. When this sensor takes ON position, settled 

till 200 sec, Q127.7 out put done 1. Even time over, if input signal IO.O logic 1, output 

will reset. 

A I 0.0 

L KT 200.2 

SP T 31 

= Q 127.7 

BE 

Extended Pulse Timer 

1100.0__r--L,~ 
I I I I I . ' ' f1 ' ' ' ' ' 

I 100.1 : : : : 
' ' 

.•. . . Bl 
I 100.0.~., Tim~r 13 

D 

Q 
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:A I 0.0 

:L KT 100.2 

SD T 12 

A I 0.1 

:R T 12 

:A T 12 

- Q 100.0 

: BE 

This kind of timer controls 1100.0 input sensor 13 numbered TIMER. When 

1100.0 sensor was made 1, the sensor which was obliged Q127.0 numbered TIMER 

pass ON position. The important event is the pass of 1100.0 to ON position not the time 

o this sensors ON position. Even 1100.0 lmsec stays ON position TIMER protects 

Q127.0 sensor on ON position by the time ofT period. 

T must stay 8 sec. But mean while 1100.0 T time passed from logic O to 1 

without second time charging. So TIMER output (Q127.0) protects its ON position 

again. But it returns beginning again to count from 0, of the T time. 

A I 100.0 

L KT 80.1 

SE T 13 

A I 100.1 

R T 13 

A T 13 

Q 127.0 

AEG 
In the Teachware A020-020 Plus model; 

Tl.. T8 (8 unit, O.lsec=lOOmsec rhythm timer) 

T9 T16 (8 unit, 0.025 sec=25msec rhythm timer) 
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In order to 16 unit (Tl.. T16) TIMER there are so programs be smallest 

and biggest time value is 25 msec which is 110 minutes. 

S I Al 

El__fl___fL_ 

~ Al , , ; , 

T8~ 

1 

2 

3 

4 

5 

6 

7 

8 

El 

Al 

T8 

Al 

Al 

T8 

50 

u 
SL 

u 
RL 

u 

PE 

In this example Al is stetted with El output. Reset position is the time of, 

when T8 pass ON position. 

When El pass ON position Al output makes set. By the setting of Al,T8 timer 

( present value 50x O. lsec=5sec) count in its inside 5sec and at the end of this time logic 

done 1. As to program; when T8 is on,Al output makes resent and T8 output goes OFF 

position because T8 output is armed reset sensor. The event to care on TIMER present 

value; chosen TIMER's rhythm times by its number, because of its changes, present 

value must count right. 

The program on above; 413 numbered input sensor and M73 numbered private 

internal sensor are used to reset 467 numbered counter. Counting input is controlled by 

412 numbered input sensor. Present value of counter is showed with K20·20. The input 

of counter pulse's every present pulse value is lowered 1 degree. 
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2.11. SHIFT REGISTER 

IDEC 
This model in PLC shift register unit has studied extensively. 

MITSUBISHI 
Internal relay M is used shift register at the some time. So 16 sensor must be 1 

group at the same time First helping sensor number, shift register address and following 

16 sensor can not use another arm. 

Shift Register Addresses 

Ml00-Ml17 = Ml00 .......... Ml07, Ml 10 .......... Ml 17 = 16 unit 

M120-Ml37 = M120 .......... M127, Ml30 .......... Ml37 = 16 unit 

M140-Ml57 = M140 .......... M147, M150 .......... M157 = 16 unit 

M160-M177 = M160 .......... M167, Ml 70 .......... Ml 77 = 16 unit 

M200-M217 = M200 .......... M207, M210 .......... M217 = 16 unit 

M220-M237 = M220 .......... M227, M230 .......... M237 = 16 unit 

M240-M257 = M240 .......... M247, M250 .......... M257 = 16 unit 

M260-M277 = M260 .......... M267, M270 .......... M277 = 16 unit 

M300-M317 = M300 .......... M307, M310 .......... M317 = 16 unit 

M320-M337 = M320 .......... M327, M330 .......... M337 = 16 unit 

M340-M357 = M340 .......... M347, M350 .......... M357 = 16 unit 

M360-M377 = M360 .......... M367, M370 .......... M377 = 16 unit 

X4ll 
{f: ~ ... M M M M M M M M M M M M M M M M 

. JI.. ' ·--· *ti H> •• • 100 101 102 1m 104 105 106 107 rn 112 113 115 117 
11 . ., ~· 110 114 116 

'· . X4f''. •I I·, 

4"' -..:.:·..:.-. 
1 - 
' 
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I-Data input: Data signal which must be given to Register, is designed ON-OFF 

position to X411 sensor. Data, entered to register, firstly apply to MlOO register. But 

every shift operation can make by shift pulse. 

2-Shift pulse: It is shift input which is transferred to MlOO by X411 entered data but 

while X412 is passing from O to 1. It can be used 72 numbered which produces 

1 OOmsec time pulse or 73 numbered which produces on msec time pulse generator 

instead ofX412. 

3-Reset input: X413 input sensor is used for reset of the above. So all the register 

sensor with X413's passing OFF position to ON position makes reset and pass of 

position (MlOO Ml 17). 

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 
X412 
Shift pulse , , , 

'A ~ ' . ' 
X411 J • ' ! :c I 
DATA : : ~ 

MIOO ~ ! l 
MIO! ~ 

E : I 'D 
I :~ 1~~~- . ' 

' 

Ml02 

M117 

(1100110000111100) data is applied with X411 data input on the above 

example. In here the important thing is decisive position of data m the shift pulse time. 

For example, 1 data's is in A point 1 data's is in B point O data's is in C point examples. 
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Decisive position in D point is 1, because while shift pulse going from O to I; 

data value stayed decisively periods 1 pulse time in ON position, so D point of data's 

the time of going from 1 to 0, shift pulse which is still formed, can't catch and it can't 

be seen and examples the time of going from 1 to O of 14 pulse. 

If you attend E area of data diagram; it can't be exampled by data which is 

between 8 and 9 pulse and it doesn't accept like this data. According to this, for to load 

of data's to registers is the time of passing the time of piece of referans shift pulse 

(OFF~ON) 

2.12. COMPUTING FUNCTION 
one of the most important peculiarity of PLC system is computing and data 

embroidery function. As a main structure, PLC has this peculiarity. 

Some of these are: 

1) Addition 

2) Subtraction 

3) Multiplication 

4) Division 

5) BCD Binary Converter 

6) BINARY BCD Converter 

7) 4 DIGIT Comparation 

8) 16 Bit Data Loading 

9) 8 Bit Data Loading 

10) Data Saving-Decrease 

11) 16 Bit Data Store 

12) 8 Bit Data Store 

13)Data Display 

14) BCD Shifting Left 

15) Data Shifting 

42 



43 

SIEMENS (Simatic) Comparison Function 

In comparison operations: 

!=F (equal) 

:;tF (not equal) 

>F (big) 

>=F (big equal) 

<F (small) 

<=F (small equal) 
Instructions are used for make desired comparison, and if YES decision is 

reached, Q output will give ON position >F control was done at the above. According 

this, IBO value which is in ACCU2 will be compared with IB 1 in ACCUl, if 

ACCU2>ACCU1, QlOO will remove ON position. If this condition is not provide, QlOO 

will stay OFF position. 
Arithmetically +F instruction will provide addition of 2 complete number this 

instruction add ACCUMl and ACCUM2, of for -F instruction distinct the 2 number. 

From ACCU2's contents will distinct ACCl 's contents. 



CHAPTER III 

DETAIL ANALYSIS OF PROGRAMMING 

3.1 BASIC INSTRUCTION WORD 
Instruction word list 

a) Basic Instructions: 

I Symbol ] Name 1 
I LOD Load 

AKD A:,,;D 

OR OR 
orr Output 
MCS Master Centro) s~t I 

~ICR Master Control R~~r.t 
, SOT ~inglt: Output 

Tll1 Tirner 
C~T Counter 
8FR Shift Register 

r E~D End 
.SET St't 

R.-,T . Rese: 

J:\1P Jump I 

JEND Jump End 
:NOT ~iJt 

FL'.\ ·1 Funcuon 
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b) FUN (Function) Instructions: 

We can divide the instructions into 2 parts. These are ; 

One - address instruction 

Two - address instruction 

There are 2 kinds of address instruction. Generally first address is the 

instruction word. In LOD, AND, OR, OUT, SET, RST, SOT instructions; there is a 

instruction word and number and addressing is obstructed with this that single 
addressed instruction. 

Two addressed instructions; SFR, SFR NOT, TIM, CNT, FUN 100-146, FUN 

200-246, TIM FUN, CNT FUN, FUN 147 and FUN 300. In this instructions first 

addresses are give instruction word and instruction numbers (Except FUN 147, FUN 

300). As for second addresses are present peculiarity according to instruction. 

There are some deliver numbers that referenced by FAlJ at the below. 

c) Input: 

0 7, 10 17, 20 27, 30 37, 40 .47, 50 57, 

60 67, 70 77 are numbered like this. In here inputs are considered to OCTAL 

system which is between 0- 77. If you attend 8,9, 18, 19 ,28,,29 , 78, 79, numbers are 

not used. In octal there are 64 unit input number between 0- 77 ( except 8 and 9). 

d) Output: 

200 ,, .. 207, 210 .217, 220 :.221, 230 237, 
240 247, 250 257, 260 .267 and 270 277 numbered. Like 

input there are 64 unit output numbers between 200-277 ( except 8 and 9). 

e) Internal Relay: 

400-407 490-497 580-587 
410-417 500-507 590- 597 
420-427 510-517 600-607 
430-437 520- 527 610-617 
440-447 530 - 537 620-627 
450-457 540- 547 630-637 
460-467 550-557 640-647 
470-477 560-.567 650-657 
480-487 570-577 660-667 
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670-677 680-687 690-697 

There are 240 units (30x8=240) internal relays between 400 and 697, we can 

appoint the TIMER, COUNTER or FUN outputs to the any of 240 sensor and then can 

use of this sensor for take new data or count value. 

f) Special Internal Relay: 

There are 16 units become 700-707 and 710-717. As an example of these, we 

can use the signal generator which produces 1 sec clock sign, that means we can use 1 

Hz clock pulse sing ready. 

----ll i---l - 
714 

We can use the signal generator which produces 0.1 sec clock sign that 

means 10 Hz clock pulse sign ready. 

--11- 
715 

g) Timer: 

There are totally 80 unit timers between O and 79. If you attent you can use 8 

and 9. You can use any of TIMER that include O and 79. In there its enough to know for 

you that totally there are 80 unit TIMER that include 0- 79. 

h) Counter: 

Totally there are 45 unit counter between O and 44. If you attent you can use 8 

and 9. 

i)Reversible Counter: 

It is counter which can be counted forward or review. While other counters can 

only count forward counters number 45-46 can count forward or review. Counter 45 has 

up and down pulse input edge yet counter 46 is connected to only one input of up/down 

situation and when this edge is 1 up and when it be comes O it counts down. 

j) Shift Register: 

There are 128 shift register between O and 27 including 8-9. 

k) Single Output: 
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We can use 96 SOT functions between O and 95 including 8-9. 

1) Data Register: 
Between DRO and DR99 and between 800 and 899, we have 100 data register. 

3.2 FAlJ SERIES ALLOCATION NUMBERS OF SPECIAL 

RELAYS 
As known special relays are 700 and 717 relays except 708 and 704 from these 

numbers 700 and 705 are unused. 

701 and 702 Start Control: When input number 0, which used to start the 

program is on or if number 500 has been appointed to automatic start process. It starts to 

tum the program on. Special relays 701 and 702 are off the process of the program is 

stopped. 
703 All Output OFF: All outputs between 200 and 277 are off when special 

relay 703 turns into ON. 
704 Initialize Pulse: Special flag ( 1 scan time) 704 becomes on as much as the 

time equalling 1 scan time. When program FAlJ started being processed. 

704 Numerical Value Error: Is there an error in computing instructions 

results. 706 becomes on for example; if the result of a subtraction process is lower than 

-10.000, special relay 706 becomes on. They make sure that the program is correct from 

the point of view numerical process while they register the programs. 

707 Curry and Borrow: It there is carry or borrow in the results at computing 

instructions. 707 is set for example; in a addition process the total of 2 numbers are 

higher than 9999, 707 is on. 
713 1 sec. Timer Reset: When 713 is on special relay 714 is always reset 

mode. 
714 1 sec. Clock: It is possible to take signal generator producing clock sign 

for one second or clock pulse sign for 1 Hz from special relay 714. 

715 100-msec. Clock: We can remove our clock pulse that is for 10 speed by 

using special relay output of 715 with this sign. 



716 Timer/Counter Preset Value Changed: Special relay 716 becomes on 

when timer counter preset value has been changed into unit of F AIJ CPU. It is possible 

to delete 716 when pressed key of TR S, ENTR and ENTR. If a program is registered in 

memory. 

717 In-operation Output: Relay 717 is always on while FAlJ is operating of 

the program has ended this relay becomes off. 

3.3. BASIC INSTRUCTION 

Each program written in PLC are started in 2 ways. One at these that we can 

draw the program with its symbols in the location called Ladder Diagram and load it to 

the computer as this. The second one is that we can make direct attribution using the 

key team of PLC. Because of this it will be told example symbol and attribution us. 

Instructions later whole LOD instruction and the other instructions are being stated. 

a) LOD Instructions: 

This instructions is used at the beginning of logic diagram lines. It can be used 

once back by back or more than once to determine the situation at the beginning of the 

instructions such as AND LOD, OR LOD, SFR, CNT, TIM. As you see below an input 

relay is wanted to be loaded as a program. Symbol of it is declared as a show in ladder 

diagram. Program list from the statement. 

This program is loaded as O LOD I and O which is seen an address must be 

given in each line of the end one by one starting from each line of the program. Value is 

appointed to each line orderly. We have mentioned before which numbers are separated 

for shift register, output, input, special relay, timer counter. Imaginary internal relay at 

the machine PLC. 

We can divide our load process into 4 groups according to our functions. 

b) Input, Output, Internal and Special Relays: 

In the examples above example relay circuit of relay in ladder diagram and 

how the process of key and as a result of this the format seen in deplay was given. 

• We can choose a value between O and 77 except 8 and 9 in the example of 

input. 
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the .::;u:me as.aside. 
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Or instruction has the same furrctiorrs us or· gate logic we studre,J ,~n logic 

lessons. In here.just only one of the keys are OFF or 1 is enough fur output to be 1 as 2 

keys are connected in the parallel way, As a result there is addition .process and in this 

process one of the 2 parallel inputs is enough to be one. 1 gave 2 '.important 

Intormatinu's with, o-r -instr-1-t~tion. 011e as. them -is -out f1·1·1<1-~tio11 that -is. -symbolised with 

200 m the circle. 1 vvi:11 speak about out function- 2 er 3 classes- fat-er. But now, 1 gave 

output of paraHel circuit, output 200' for the first time· it means that I- mentionedthat 

special relay 704: is a clock pulse generator that has f=L Hz. You see signal of clock 
pulse in the diagram. We determined time of I and O in input relay of 36 by chance now 

.so that nothing wili be by chance in the foll.01;-'!;ring lessons. Let's accept that there is a 

time diagram forto learn or let's assume that -input 3:6 .is gained by making ON/OFF in 

the form. If we think that output 200 is connected to a Ianrb, the 'situations tfrat Jamb wiIT 
he on are the times that output 200 is j _ 

In this example, in order to understand or instructions better firstly, 2 limit 

by using only lot gate of integrate of 7432. It is enough to make on only one of the 

inputs for the outputs to be, C}N in, 3 equaliaxence. circuit to make output, OEE_ It.is, 

necessary to make- both parallel inputs-ORF. This.position.was.shown.in .the truths-table 

h) NOT Instrnctionsr 

It has the same duty .as NOT gate that you studied in the logic lessons, We take 

the opposite of the sign. If we have a look of the example above, they take the opposite 

sign is _going roeontiaae from- B'peinr . as- logic 0; became of the instruetien- of L0D- 

50 



51 

4.1-CHOOSING INSTALLATION AND COMMISSIONING OF 

CSYSTEM 

t2 Feasibility Study 

Jnder certain circumstances an initial feasibility study may be suggested or 

ranted , prior to any decision on what solution will be adopted for a particular task. 

: feasibility study may be carried out either by in - house experts or by external 

sultants. Often an independent specialist is preferred , having few or no ties to 

cific vendor equipment. 

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

the proposal , through to a comprehensive case analysis with complete equipment 

ommendations. Typically , though , a feasibility study of this nature encompasses 
I 

eral specific areas of investigation: 

(a) economic feasibility, consisting of the evaluation of possible installation 

and development costs weighed against the ultimate income or benefits resulting 

from a developed system ; - 

(b) 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; 

(c) alternatives , with an investigation and evaluation of alternative 

approaches to the development of the acceptable system. 

Area ( a ) , economic feasibility and worth , can only be addressed fully once the 

ult of areas ( b ) and ( c ) are available , with estimated costings , and direct I indirect 

iefits being considered. Area ( b ) is detailed in the following sections , with 

.kground information for area ( a ) usually being compiled through liaison with 

npany personnel. The achievement of a complete technical proposal requires us to 

JW what the present and future company needs are in terms of plant automation and 

iired information systems. 



Once the control function has been accurately 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 software design. 

4.3 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, 

but concurrently with , each other. 

Developing the hardware and software in parallel 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. 

4.3-a) Choosing a programmable controller 

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

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

\.dvances in technology are quickly adopted by manufacturers in order to improve the 

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

najority of PLC s in each size range are very similar in terms of their control facilities. 
,Vhere significant differences are to be found is in the programming methods and 

mguages , together with differing standards of manufacturer support and backup. This 

rtter point is often overlooked when choosing a suitable make of controller , but the 

alue of good , reliable manufacturers assistance cannot be overstated , both for present 

nd future control needs. 
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4.3-b) Size and type of PLC system 

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

t more than one make of machine can satisfy a particular application , but with the 

rast choice of equipment now available , the customer can usually obtain similar 

ystems from several original equipment manufacturers (OEMs ). Where the 

specification requires certain types of function or input I output , it can result in one 

ystem from a single manufacturer standing out as far superior or cost - effective than 

the competition , but this is rarely the case. Once the stage of deciding actual size of the 

PLC system is reached , there are several topics to be considered: 

• necessary input I 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 I I O as well as program size. As the I I O memory size 

rises , this takes longer to process and requires a more powerful , faster central 

processor if scan times are remain acceptable. 

4.3-c) I IO requirements 

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

connect all 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 I O points required per module; 

• Isolation required between the controller and the target process; 

• The need for high speed I I O , or remote I I O , or any other special 

facility; 
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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 economies in cabling the sensors and actuators to the 

PLC. 

4.3-d) 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 

I/0 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 I/0 points , since it must include 

instructions for reading from or writing to each point. Special functions are 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 is often a choice of available memory type - RAM or EPROM. The RAM 

form is the most common , allowing straightforward and rapid program alterations both 
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before and after the system is installed. RAM contents are made semipermanent by the 

provision of battery - backing on their power supply. RAM must always be used for I I 

0 and data functions, as these involve dynamic data. 

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

a special EPROM eraser I programmer to alter the stored code. The use of EPROMS is 

ideal where several machines are controlled by identical programmable controllers 

running 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 

also often be carried out via the microcomputer. 
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Input/output memory 
+ 

Control program memory 
+ 

Special function tables 
+ 

Soace for changes and 
future expansion 

(a) 

(b) 

Figure 4.1 (a) PLC memory requirements for different tasks. 

(b) Custom EPROM programmer for a Mitsubishi F series PLC 

4.3-e) 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 programmable controllers 

tend to have more powerful instructions than smaller ones in these areas , but careful 
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.rutiny of small I medium machines can often reveal the capability to perform specific 

inctions at surprisingly good levels of performance. 

In modular programmable controllers there may be a choice of CPU card , offering 

ifferent levels of performance in terms of speed and functionality. As the number of I I 

1 and function cards increases , the demands on the CPU also increase , since there are 

reater numbers of signals to process each cycle. This may require the use of a faster 

PU card if scan time is not to suffer. 

Following the selection of the precise units that will make up the programmable 

ontroller for a particular application , the software and hardware design functions can 

e carried out independently. 

4.4 Installation 

The hardware installation consists of building up to necessary racks and cubicles , 

ien installing and connecting the cabling. 

The cabinet that contains the programmable controller and associated sub - racks ( 

ee figure 4.2) must be adequate for the intended environment , as regards security 

ifety band protection from the elements: 

security in the form of a robust , lockable cabinet; 

safety , by providing automatic cut - off facilities I alarms if the cabinet door is 

opened; 

protection from humid or corrosive atmospheres by installation of airtight seals on 

the cubicle. Further electrostatic shielding by earthing the cubicle body. 

For maintenance purposes , there must be easy access to the PLC racks for card 

ispection , changing etc. Main on I off and status indicators can be built in to the 

abinet doors , and glass or perspex windows fitted to allow visual checking of card 

tatus or relay I contactor operation. 
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Figure 4.2 Complete PLC installation and cabinet 

58 



4.5 Testing and Commissioning 

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: 

1- 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 system interconnections must be thoroughly checked out to ensure all input I 

output devices are wired to the correct I I O 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 

my hardware testing is started , a thorough test of all 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 

mme 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 observing a 

corresponding change in the data stored in the memory table. 

In tum , the output devices can be forced by instructions from the programming 

panel , checking 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 this stage is not always practical, such as for PID 

loops and certain communications channel. These require a significant amount of 
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figuring by software before they can be operated , and are preferably tested once the 

trol software has been installed. 

Some programmable controllers contain in - built diagnostic routines that can be 

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

een. These diagnostic are run by commands from the programming panel , or from 

hin a control program once the system is fully operational. 

4.5-a) Software testing and simulation 

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

plementation. Over the same period of time , the software to control the target 

1cess is developed , in parallel , for the chosen PLC system. These program modules 

iould be tested and proved individually wherever possible , before being linked 

;ether to make up the complete applications program. It is highly desirable that any 

rlts or error be removed before the program is installed in the host controller. 

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

ming in the host PLC. 

Virtually all programmable controllers , irrespective of size , contain elementary 

ltware - checking facilities. Typically these can scan through an installed program to 

eek for incorrect labels. Double output coils etc. Listings of all I I O points used , 
unter I timer settings and other information is also provided. The resulting 

ormation is available on the programmer screen or as a printout in the figure 11.3 . 

iwever , this form of testing is only of limited value , since there is no facility to 

eek the operation of the resident program. 

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

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

sign workshop without having the actually connect up to the physical process. 

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

ocess involved. 

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

issible to adequately simulate the process by using sets of switches connected up to 
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PLC as inputs , with outputs represented by connecting arrays of small lambs or 

ys in the figure 4.4 . This allows inputs to be offered to a test - bed controller 

taining software under test , checking the action of the control program by noting the 

ration and sequence of the output lambs or relays. By operating the input switches in 

cific sequences , it is possible to test sequence routines within a program. Where fast 

ionse times are involved ,the tester should use the programming panel to force larger 

e intervals into the timers concerned , allowing that part of the circuit to be tested by 

manual switch method. 

Most I I O modules have LED indicators that show the status of the channels. These 

. be used instead of additional test actuators where digital outputs are concerned. 

alog inputs can be simulated in part by using potential dividers suitably connected to 

input channel , and corresponding analog outputs connected either to variable 

rices such as small motors or to a moving coil meter configured to measure voltage 

current. Standard sets of input switches and output actuators are normally available 

m PLC manufacturers. 

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

igrarns , the simple form of simulation described above becomes inadequate. Many 

ger PLC systems are fitted an integral simulation unit that reads and writes 

ormation directly into the I I O memory , removing the need to connect external 

itches , etc. The simulator is controlled from an associated terminal which can force 

mges in input status and record all changes in output status as the program runs, for 

er scrutiny by the test team. 

The program monitoring facility provided with most programming terminals should 

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

nnents in the program including preset and remaining values as the program cycles. 

the figure 11.5 illustrates a monitoring display with status information shown on the 

ttom of the screen. 

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

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

ross to the terminal. 
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When the element is used 
for the coil 1 " 
If not 0 

Error message 

EO: The coil is used more than one time 
in a program. 

E1: The contact is used without the 
corresponding output. 

E2: The output is used without the 
corresponding input. 

E3: The counter or shift resister is used 
without the AST. 

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

" Even if the contact or coil is used 
more than once. a number 1 is 
displayed 

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

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

not a significant disadvantage. To display all changes , the PLC should be run in 

ngle step mode. 

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

mbols to depict contacts , output and present functions. All elements within the 

splay are dynamically monitored , indicating their status as shown in the figure 11.6 

Display/printout 

Contact 
When th 
for the c 
If not ... 

Y430 1 0 
Y431 1 1 EO 
Y432 1 0 t 
Y433 0 1 
Y43' 0 1 

is used 
......... 1 •• 
......... 0 

Figure 4.3 PLC printout of 1/0 static diagnostics information 

Switch inputs 
Test-bed 
programmable 
controller 

Lamp/relay 
outputs 

I 

L----/ o----- 
1 
I 

Program under 
test 

Analog output 
(meter) 

Analog input 
(potential divider) 

Figure 4.4 Process simulation using switches and lambs 
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Closed (operatedi . 
contacts 

{ T06 
K= 10 s 

I (( M 100 r----i--r 

Timer 06 will 
operate after 
10 seconds 

/ (present value 
0.5 seconds). 

33 
Marker operated 

T06 

f ( YSO 

I ( Y51 

Outputs 

T6: 0.5 s C22: 33 
Display 
overflow 

Current values and 
status information 
on circuit functions: 
e.g. timers. counters. 
Note C22 value displayed 
although it is not on this 
screen - will be on previous 
or next 'page' of display. 

Dynamic display 

Figure 4.5 Dynamic monitoring of program contacts using a graphic 

programming display 

----ill Contact open --( x Xx }-- Coil de-energized 

---4\ I\ Contact closed ---(f XXX t}-- Coil energized 

Figure 4.6 Symbols displayed in monitor mode 
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4.5-b )Installing and running the user control program 

Once the control software has been proved as far as possible by the above , methods 

on a test machine , the next step is to try out the program on the tested PLC hardware 

installation. Ideally each section of code should be downloaded and tested 

individually , allowing faults to be quickly localized if the plant misoperates during 

the program test. If this subdivided testing is not possible , another method is to include 

JUMP commands in the complete program to miss out all instructions except those in 

the section to be tested. As each section is proved , the program is amended to place the 

JUMP instructions so as to select the next section to be tested. 

Where a programmable controller supports single - step operation , this can be used 

the examine individual program steps for 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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PROGRAM TITLE COMMENTS 

Press Fl for help and example program 

Network 1 

IO.O 

IO. I 

10.2 

10.3 

10.4 

Network 2 

QO.l 

I 

Count the entering or leaving cars in otoprak 

Cl 
1-----~~~~~cu cTUD 

+so;PV I 

setting the open position timing of gate 1 ( entering gate QO .1) 

Tl 
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Network 3 

Q0.2 

I 

Network 4 

Q0.3 

I 

Network 5 

Q0.4 

I 

Network 6 

setting the open position timing of gate 2( entering gate QO. 2) 

T2 

setting the open position timing of gate 3 ( exit gate QO. 3) 

T3 

setting the open position timing of gate 4( exit gate QO .4) 

T4 

Network 6 is control position of the first enter gate (Open or Closee) 

Tl Cl 10.0 QO.l 
I I I I I I I ( ) 
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Network 7 Network 7 is control position of the second enter gate (Open or Closee) 

T2 C2 10.1 Q0.2 

/I 111 I I C) 

Network 8 Network 8 is control position of the first exit gate (Open or Closee) 

T3 10.2 Q0.3 
1 I I I C ) 

Network 9 Network 9 is control position of the second exit gate (Open or Closee) 

T4 I0.3 Q0.4 
1 I I I C ) 

Network 10 
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1 
2 
3 
4 
5 
6 
7 NETWORK 1 
8 LD I0.0 
9 0 IO.l 
10 LD I0.2 
11 0 I0.3 
12 LD I0.4 
13 CTUD Cl, +50 
14 
15 

II 
//PROGRAM TITLE COMMENTS 
II 
//Press Fl for help and example program 
II 

//Count the entering or leaving cars in otoprak 

NETWORK 2 
Q0.1) 

16 // 
17 // 
18 // 
19 LD 
20 TON 
21 
22 

//setting the open position timing of gate l(entering gate 

Q0.1 
Tl, +15 

NETWORK 3 
Q0.2) 

23 LD Q0.2 
24 TON T2, +15 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 

//setting the open position timing of gate 2(entering gate 

NETWORK 4 
LD Q0.3 
TON T3, +15 

//setting the open position timing of gate 3(exit gate Q0.3) 

NETWORK 5 
LD Q0.4 
TON T4, +15 

//setting the open position timing of gate 4(exit gate Q0.4) 

NETWORK 6 //Network 
or Closee) 

35 LDN Tl 
36 AN Cl 
37 A IO.O 
38 = Q0.1 
39 
40 

6 is control position of the first enter gate (Open 

NETWORK 7 
(Open or 

41 LDN T2 
42 AN C2 
43 A I0.1 
44 = Q0.2 
45 
46 

//Network 7 is control position of the second enter gate 
Closee) 

NETWORK 8 //Network 
or Closee) 

47 LDN T3 
48 A I0.2 
49 = Q0.3 
50 
51 

8 is control position of the first exit gate (Open 

NETWORK 9 //Network 
or Closee) 

52 LDN T4 
53 A I0.3 
54 = Q0.4 
55 
56 
57 

9 is control position of the second exit gate (Open 

NETWORK 10 
MEND 
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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 convenent 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 controlled or checked before within the office and 

laboratory, even the PLC programs for firm can be meet at home. It is very protective 

and safe for the workers which they me protected from <lager, communication programs 

of PLCs within each other or within operates can happen with the PLC; the developed 

lantues have constructed the productivity, security, establishment security fast 

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

fundamentally used. 
The PLC program is to fully control a parking area. Automation is achieved in 

this parking area and this shows that PLC is a very important device to control 

complicated processes. 
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Table of Symbol 

INSTRUCTION LADDER SIMBOL SJMA1ICS7 

LOAD Hi- LD 

AND -it- A 

OR '-i t-J 0 

NOT / NOT 

LOAD NOT 
~ 

LDN 

.U."l> NOT -Ill- AN 

ORNOt 4r-1 ON 

AND BLOCK ALD 

OR BLOCK OLD 

~ 

OUT -o-i -<>-i ;; 

END -(END)- MEND 
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The CompaR! latcaicr Eqml Comact is dOICd when 
lhc siped iatep uvnl ,'Ihle SlOIUi at address nl 
is eqml IO the signed inleger \\'ORI ,'lluc SlOR.'d llt 
address nl . ftm1lr fton duaugb Ille c:ontlCt \\ilen 
dased. 

Compare lnteaer Greater Than Or 
Equal Contact 

V8. IB. QB. ~..W: 
Mil SMB. AC. n1 
COllll:lltl *VD. ---i>• ! t,- 
* AC n2 

Compare Byte Greater Titan Or 
Equal Contact ~,....: 

n1 
---i>=Bt- 

n2 

al, n2 Cunsipcd ~tct: 

lbe COCIIIJIN Bytic Orealer Tlmn or Equal Conlat\ 
is ~ \\'hcl tbc t,_.le \'liDc s&oral II ~ nl 
S a,f»ll:r tllu or ecpl IO rho b!,1e ,'alue SIOled at 
lddtas nl . ~ floss tbnlagb Ole c:omact when 
:ka:d. 

Compare Byte Less Tun Or 
Equl Coacact 

nJ. DZ (uasipod byte): VB.18. QB. 
M8.SMB.AC. 
C0115111ll. •VD. 
•AC 

_...,...t1,,ellllell: 
n.: C~ &,.1e La Than or Equal Contact is 
:kllllll wbca di: ~1e value 5'Clal al adctrm DI is 
ess lllan or equal to the ~,e ,'II• SICln.'d 11 
ddn:ss n2 . PoMr fbl'S tbn1agb the (lCJIIIIQ \\'hea 
~oscd. 
Compare Integer Equal Coatad 

n1 
--i-crf-- 

n2 

11. a2 (siped illlCgcn-ordl VW. T.CJW. QW. 
MW.SMW.AC. 
AI\V. Conscant. -VIX *AC 

V\V, T. C. IW. QW. MW. 
SMW. AC. AJ.W. Cons&l8L 
*VD.•AC 

Delcripdoa al ••••••••• : 

The Compare 1-.r Gffmr Thia or ~ 
C0811Ct is dam wbln die 9iped illlapr "'Old 
\-alae tMnd •*-al ii .-er dla or equal 
to 1lle •••• iDllp WORl ,'llae llOml. lddress 
n2 . Puar- flaws dlftlap die CIIIIICt •.• doled. 

Comp11re l•teaer Lea nan Or 
EqulCoatact 
SJaW: 

n1 
---i<=It-- 

nz 

nl. nl(sipodillep'"Gnl>: VW. T. C. IW. QW. MW. 
SMW. AC .• .\IW. CCIIISIMII. 
•vo.•AC 

The COOlplle 1-- Les 1'lllll or Eqall Caa11e1 
is dam WMll Ille siped-., WOid ,111ue llOl'ed 
at ~ nl ii lcll dllll « •••• IO die sipcd 
iDqer •ud , .•••••••••••• Ill . Poa-er 
flows throup die CUIIIICl wt. dom. 
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ompare Double Integer Equal 
on tact 
llbel: 

n1 
---l••Dr- 

n2 

~n111h: 

1l. nl (signed 
lltqer dDuble word): 

VD. lD.QO. 
MD.SMD.AC. 
HC. Constant 
*VO. •AC 

t1eriptioft tA o,eratioll: 

1e Compare Double Integer EquaJ Contact is 
l>SCCl when the double word value stored at 
ldras nl is equal to the cblbk word value stored 
. ~ Ill . Power flows through the contact 
hen dosed. 
:ompare Double Integer Greater 
:ban Or Equal Contact 
ymbol: 

n1 
--l>•Dt- 

llZ 

nl. al (signed VD. D>, QD. MD. SMD,AC 
iatep double word): HC. CODS(ant, •VD. • AC 

•••.••• or opendiea: 
:oqme Double lmcgier Oreara Than Or Equal 
:OU&ac:t is closed whca the 4bll1le word value 
~ at ~ D 1 is gYQ1C1' lban Of equal to &be 
IDublc word value stOred at addras n2 . Po\\'ef 
lows tblou&h the CCllllKt when closed. 
Compare Doable Jateger Less 
flaan Or Equal Contact 
,,-W: 

n1 
---f<=Dt- 

nz 
Operudr. 
n 1. n2 ( siped 
integer double word): 

VD.1D,QD. 
MD.SMD.AC. 
HC. Constant 
*VD. *AC 

Dacripde• of o,eration: 

The Compuc Double lmcgcr Less Than Or Equal 
Contacl is closed when the double word wlue 
stored at address n l is las llwl or equal to \he 
daublc: word value stored at a~ n2 . Power 
Rows through the conaac:t when closed. 

Compare Real Equal Contact 
Nate: CPV 21-1 on{v. 

Symbol: 
n1 

---i••Rf-- 
n2 

nl. o2 (real): VD,D>,QI).~.Sl'dD.AC. 
HC, Consaant. -vn •AC 

The Compare Real Equal ConUICt is closed when 
the real wlue stond at address n l is equal to lbe 
n:31 value stoJUi at ac:ldJca n2 . ~ Hows 
t.hrou&h the cootac:t when claecd. 

Compare Real Greater Than Or 
Equal Contact 
NOk: CPC..' :Z 14 Olt(V. 

Symltel: 
nf 

---i>-Rt--- 
nZ 

nl, n2 (Dword): VD, W. QD, MD. SMD, AC. 
HC. CooslaGt. •VO. •AC 

CompaIC ~ Qrell« 1ban Or Equal Contact is 
clo!ICd when the real value mred at address nl is 
grc:ucr lhan or ~ lo tbe real -value ston:d at 
llddms n2 . Power floln through tbc CODlaCI when 
closed. 
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Compare Real Less Than Or 
Equal Contact 
,'lflk: CPC.! ~ l J only. 

Symbol: 
n1 

---i<•Rr-- 
nZ 

DI, 112 (Onord)· VO. ID. QD. MD. 
S)0).AC.HC.COll$UUll 
•vo.•Ac 

l>acriptioll ti Operlllioll: 

The Compare P.e:al Less Tb:ul Or Equal Conuct is 
clolcd whell the real value SIOR!d al addlas nl i.s 
Im tban or equal to the ral Yllae stOred at ~ 
n2 . Power Bows thniugb tbe contact wben doled. 

Invert Power Flow Contact 
S,-ol: 
-,NOTt-- 

(PtOM) 

Tbt NOT (lnvtrt Power Flow) c:on11Ct chlln,es lbe 
SIIIC of powa' flow. Jf poMI' flow ladles the Not 
CODlaCt. tllcn it saops. WIien power now QleS not 
reacb tbe Not c:oa&act. ir sourais power low. 

Positive Transition Contact 
Sywabol: 

--fet-- 

(non,_) 

l)c,criptioa of openatien: 

The Positive Transition Contac:t allcn11s power 10 
flow t'Qr one san. for e:icb o&I-to-on tnmsitioo 

Negative Transition Contact 
Symbol: 

---!Nr- 
Operands: 
(noMJ 

Dacripdoa of operuioa: 
The Nepive Tl'llllSition Com:ia allO\"s powet to 
now for one $CllL for each oa~ u:wition . 
Ladder Contact Eumples 
[Nein t ""*' n t « n311 on Md 1c>.211 on IIW1 

OU1P11 ao. 1 ia twn.i an. 

~··f--:u 'n 
VB2, ~O. 3 
>•St----\ ) 
I/BS 

VW4 • qo.4 
-r I tNoTt----\, ) 
VWB 
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Reod Real Time Clock 
,Vo1e: R1tal nm~ Clod instnictiuns an: supporretl 
b." tM CPC.; 1 U or1(1•. 

Syrabol: 

T 

Operuds: 

T(bytel: VB, m. QB. MB. SMB. •VD. 
*AC 

Datriptton ti Ol)Cntioa: 

The ~ Real Time Clock (READ _RTC) bo..x 
leads tbe cumnl time ud dale 6'om lhe dock and 
IOlds it iD Ill ~ bufl:r (1'). 

Eumple Memory Dita Stud •• at VB.&00: 
RfAO_RTC (Clock is rad) 
VB400 

V8401 

VB402 

VB403 

VB404 

95 
03 
24 

oe 
00 

Year 
Mon1h 
O.y 
Hour 
M"inute 

VB405 I oo !Second 
VB406 ~ 
VB4.0i ~ Day of Week 

24-Mer-95 
a:oo:oo 
Friday 

Notr. 
The time of day clock initializes the roUowin& ctne 
and time after e.'<lended. power outa,=s or memory 
ba been lent: 

Due: 
Time: 
DayolWcek 

Ol-JID-90 
00:00:00 
Sunday 

Note: 
Do oot me me READ JlTC I SET _RTC 
instruc:tions In both the main pwgram aaci in 3D 
im.ell\lpl routine. If ~'OIi do this ;and the clock 
iaaructiou is C<eCUling wha tile the in1em,pt tl\11 
al9o e.~ the clock insmlction oa:un.. then the 
dock insuuction in the inlemlpl routine is not 
~ SM-'., is then tel indic:lti.ng that IWO 
simultmeou.\ acccs&e5 10 the clock •-e~ unempced. 

Set Real Time Clock 
Nou: R1tal nme Cluck Jnsvuctimu ar1t .supllf)Nttd 
by w CPL" 1 l-' O,l~V. 

Symbol: 

T 

Openaa: 

T (b:vte): VB. IB. QB, ~m. SMB. •VD. •AC 

Delc:ripdon ef opendioll: 

The Set Real T'une Clcxx (SET _RTC) bex writes 
the cum:nt time and dale lOldl:d in m 8-byte buffer 
(T) m the cloc:k. 
!sample Memory Data Startbaa at VB.MM): 

SET _RTC (New value ii written to etock) 
VB400 ~YNr 

VB40l HROl Month 
VB402 \ 24 Day 
VB403 I oe Hour 
VB404 ! oo I Mnute ) ,; 
VB405 i 00 j Second 
VB406 \ 00 \ 

VM07 1 06 j Day ofWNk 

24-Mar-96 
e:oo:oo 
Fridey 

Note: 
The time ol (by c:loc:k initializes ahe foUowin& ciite 
and time after ex1ellded power ootages or mcDlOf)· 
blls b=u. lolst: 

Dale: 
Time: 
Day of Wets. 

Ol-lan•90 
00:00:00 
Sunday 

NOR: 
Do DOl use the READ_R.TC I SET_R.TC 
inslmCtions in both the main prosram and in nn 
inlem.lpl rou1ine. If you do this atad \be clack 
UIStNCtioa is e.ucating ,vbeo the the illler'nlpC that 
D1&o ~ the dock U1ltNClion ocxurs. thcu the 
clock instruc:tion in the intemlpl routine is not 
c.~ SM4.5 \s then set. indi<:alia.& that lWO 
simwtaneous accesses to the clock ,vcn nuempred. 
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Real-time 
Eumples 

Clock Instruction 

When 10.0 is on, the clock IS 
read and the value is slOred in 
the buffer, starting at VB400. 

~··1° 1:---- 
VB400""1T 

!Network 2 , When I0.1 is on, 1he year 
vllue (95) from the first byte 
of VMOO Is moved to ACO . 

rO.l I MJY_8 
I EN 

VB4oo-fIN 00'1' t-ACO 

INetwolk 3 I When 10.2 ls on, the year 
value In ACO is Incremented 
by 1. 

DC_lr 
EN 

ACO -1 IN OUT 1-ACO 

!Netwol1l 4 l When 10.3 is on, the new year 
value (96) is stored in W400 . 

w,v_. 
EN 

ACO -tIN OUT t-VB400 

INetwottt 5 I When 10.4 is on, the new year 
value is written to the doek. 

~o. 4 t a:z_'lfZC I I EN 

VB400-1T 

!Network& End of the matn user program. 

BCD to Integer 

aa:>_r 
EN 

IN OUT 

VW, T. C.. IW, QW, MW. SMW. 
AC. AIW, ConstanL •VD. •AC 

OOT(wcrd): VW. T. C, IW, QW. MW. SMW. 
AC, •VO. •AC 

Delcripdlll fA ••••••• : 
The Com'Ut BCD to lllleF (BCD _l) box coavau 
die BCD value <IN) u, an ia1CF wJue <00(). If 
die inpd value cmteim u Ul\'llid BCD digit. the 
BCI>IBIN memory bit (SM1.6) is set. 
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Integer to BCD 
Symt,ol: 

EN 

IN Ol1T 

IN (wotd): VW. T. C. IW. QW. MW, 
SMW. AC. AIW. Constmt. 
-vn •Ac 

OUT (\\'Otd): YW. T. C. IW. QW. MW. 
SMW, AC, *VD, 1AC 

Dacripdla ol opendoa: 

The Coll\lel't IDJ.ep lO BCD (l_ BCD) bo:\ converts 
tbc iatcacr valae (IN) to the BCD valve (OUT). 1f 
the coaversion produces a BCD number parer 
1ban 9999, the Bm'BCN memory lit (SM 1.6) is 
act. 

lntepr Double Word to Real 
N~ CPlJ 2 U on/.v. 

Dl'_ 
EN 

IN OUT 

IN (Dword): VD. ID. QO, MD. SMD, 
AC. HC. Consaam. •vo. • AC 
VD. ID. QO. MD. SMD, AC. 
•VD. •A.C 

De,criptiell el t11eradon: 

The loteger Double Word to Rc;al (Dl_REALJ 
illSUUCUOII COIMrlS a 32-bil signed integer (IN) 
into a 32-at 1ml number (OUT). 

Truncate 
,Vote: ere 2 J.I only. 

EN 

IN OUT 

Operuds: 

IN (Dwoni): VD, ID. QO. MD. SMD. AC. HC. 
COIISlaUl. •VD. • AC 

OUT (Dl\ud): VD. ID. QD, MD. SMO. AC. *VD. 
•AC 

The Tnmcate (TRUNC) iustruttioD convcn.s a 32- 
bil ral munbc:r (lN) UIIO a 32-lit ligml integer 
(OU1l Only tbe Tttlale 11t11m portion of tbc 1a11 
DUlbcr ia COffiated (roand-to-iao). 

Decode 
Sy.W: 

IN OUT 

IN (byte): VB. m. QB. MB. SMB. AC. 
Constant,. •VO. • AC 

OUTtword): VW. T. C. IW. QW. MW. SMW. 
AC. AQW, -vn 'AC 

The Dec:ode (DECO) bo.x sets the bit in the output 
word (OUT) lDll a,nespancls lD the bit number 
rt.pramled ~- tbe lmt-sipi6caD1 nMle (LSN) of 
the input byte (IN). All odler bits of the OUlpd 
word aR set to (), 

76 



Encode 
Sjllbol: 

IN OUT 

()peruds: 

IN(word): 

OUT(b)te) 

V\V. T. C. lW. QW. MW. 
SMW. AC. AJ.W. Conswat. 
•VO.•AC 

VB. IB. QB, MB, SMB. AC. 
•VD. •AC 

o.utpdoll flONnldea: 

The ElllOde (t!NCO) bcrx writes tbc bit IIIIDlber (bit 
#) cl the lea&t-sipificlllC bil set of tbc iJlput word 
tIN) iDlo tbc leat~r.offir,;mt nibtlle lLSN) of tbc 
Olllpll ~ (OUT). 

Segment 
Symllol: 

IN OUT 

IN~1C): 

OUT(bytc): 

VB. m. QB. MB. SMB. 
AC. Conll&L •VD. • AC 

VB. IB, QB. MB. SMB. AC. 
-vo, •AC 

DelClipdaa ., Cl8Cl'ID09! 

Tbc Sqment (SEO) box PDe1*1 a bit pMier1l 
(OUT) tbat iUumfDllCI die qmealS of a SC\'C8- 
9Cpat display. The UlanriDltcd cp,tD&I 
n:pacnt the c:hlrac:tcl' in the lcalt-sipmnl di&il 
oftbe u,pul by1C (IN). 

ASCII to Hex 
Symbll: 

EN 

IN 
LEN OUT 

Operuclt: 

\.EN~"te): VB. IB, QB. MB. SMB. AC. 
Consaaat. •VD. • AC 

1N t.byte): VB. IB, QB. MB. SMB. -vn •AC 
VB, m. QB. MB. SMB. •vo .• AC OlJf (byte): 

Dacrlpdoe ti e,er..._: 
The A.SCU to HEX {A11{) box CDIMIU lbc ASCII 
s&ria& ~ lcnalb LEN. aniag with the c::banlc&er 
IN. to ~mat digits swtul& at I.he locl1ion 
OUT. The muinwm NIDlll ex die ASCII string is 
2S3~ 

Lepl ASCII dlllraclm are the be.'ladlfldmal values 
30-39, and 41'""6. lfan iDcpl ASCll cbarader i, 
CDCOUl•Yal, die coavasioll is ler'Wimsocl and tile 
NOT_ASCD mcmorybit(SM1.7) is tel. 

Hex to ASCII 
S,-ol: 

IN 

LEN OUT 

Opeauds: 

LEN (byl,e): VB. 1B. QB. MB.. SMB. AC. 
CoaMaDt. •VD, • AC 

IN (byle): 

our t~1e>: 
VB, IB. QB. MB. SMB. •VD, • AC 

VB. IB. QB. MB. SMB. -vo, •Ac 
Delcriptiaa ., epenooa: 
The HEX to ASCll (Kl' A) box <.1011\uts tbe 
bc.'Wlecilml <lipu. swuns "ilh me tDpll ~ tN. 
to an A.SCtl sttin& IWliDI aa the loauion OUT. 
11lc aambcr of bcudDdmal digils lO bo conver1ed 
is spccifiecl by lcqSh LEN. The mwmwn number 
of the ~ diai&s &hat cu be convatecl is 
2SS. 
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IN I I Dacripdoll of ••••••• : 

WIien Ille ffiah-speed COUllla' Definition (HDEf) 
bo.x is elllllcd. tbe n6teaCed c:aunter (HSC) is 
assiped a bip,tpeed coumer l)-pe or MOOE. 
Only aae HDEF box 1D1Y be Ulld per a,unter. 

Ladder Conversiea lastrudioa 
Eumples 

!Network 1 } When 13.0 is on, Ille~ 
Coded Decmll value rn WIO 
Is c:onverted _, 1ft illege1' 
~lut. 

VIO-tIN OUT t-WO 

INIIMCMk 2 I Wilen G.1111 on, 3 ls deCOdld 
and ••• COffllPOlldilD bl of 
WV,101Ult. 

13.l 
I tEN 

3 'iIN OU'l'l"'"V1f40 

(Netwark 3 ] When 13.2 II Oft, "8 
~ A8CI *'111 
saartlg wll \he chnder 
at YB30 Is corNlfled to 
~-stlrtilg 
atW40. 

!3.2 I ~ 

VB3<HIN 

3-t LEN OUT t-V840 

!Network 4 I When 13.3 is on, a bl pllttm 
is generated. Q80 that 
lll'ftilltlS the segments of the 
dllrldBf·~ t,y\1848. 

13.3 
l iEN 

VB48"1IN OUTrQ80 

!Network 5 I End of the 11111\ user aroaram. 

~) 

HSC Defiaitioa 

£N 

HSC 

l«>DS - 
O,enldl: 

HSC (by1e): CPU212: o 
CPU214:0·l 

MODE ('P): CPU112:0 
C'P\J 2U: O lHSCO), 0.1 l (HSCl·l) 
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High Speed Counter 

UC 
EN 

N 

N (word): CPUlll:O 
CPU 214: 0.2 

Dacrlptilll ti otendN: 

When the ffi&b-speed Cowlle, (HSC) bo.'< is 
eDlbled. the state of lbe HSC special memory bits 
are cxamiocd. The HSC oper;Hion deftned ~ the 
spcdal. memory bits is then invoked. The 
palQIDClel' N specifies &ht HillHPeed Coar.er 
nwabu. 
Pulse Output 

EN 

~ 

Q).x (word): CPU2U: 0-J 

Dacrlpdaa (i .,..: 

Tbc Nie Olalput (Pt.S) box examines the speciAl 
memory bi1S for that pW1C OUlpUl (~bt). The palse 
opaalion mfiDcd by the special memory biU is 
then illvoked 

Ladder Hiah-speed Operation 
Instruction Examples 

!Network 1 I On the filst scan. the counter is enabled. 
lnlUal direction Is set to count up. 
Start and reset inputs are set to active 
high. 4x mode Is set. 

SMO ,1 MDVB I - 
I EN 

lOFS- IM OUT~ 

rma 
EN 

1- HSC 

11- MODE 

SMB4i 

!NetwoB 2 When 10.2 iS on, the current value of 
HSC1 Is deared and Its preset value 
Is Sil to 50. 

IO. ' ICJV u,r i 
I •••• 

o- IM Out"' 

. M1V_tfll - 

$0- IN our1o 

IISC 
EN 

1- N 

SKDS2 

SKDf8 
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,~3 ] When I0.1 is on, the PulSe 
Train Output control byte ii 
set up. and the PTO aperltion 
iS inWked: cyde time 500ms. 
pulse count 4, PLS O -> QO.O . 

10. l I NCW_8 
I ~u 

lNelWOl\4 

SOD 

4 

0-100,x 

~-) 
Attach Interrupa 
Symbol: 

EN 

INT 

EVENT - 
Opcnllds: 

INT(byte): 

EVENT (~1C): 

CPU212:~31 
CPU 214: 0·127 

CPU 212: O. I. 8-10. 12 
CPU l 14: 0-20 

Delcripdoa el operatilNI: 

Tbe AUldl tnterruptl (ATCH) bo.~ mociales u 
inlcmlpl C\'Clll (EVENT} with aa iDlClTUpt routine 
aumber (IN11. and armies tbe UIICfflllX C\'efll. 

Detach Interrupts 

S,-1Jiel: 

EN 

EVENT - 
CPU 212: o. l. 8-10. l2 
CPU 2 l4: 0-20 

Delcripdle ti oaaadoll: 

The Detach hllcmq:ICS CDTCH) box disas!ocialrs 
an i~ naa (EVE.NT) from an imerrupt 
n,aQDe$, and dililt*5 the i.aremlPl eYelll. 

Interrupt Routine 

SymNI: 

D (word): CPO 212: 0-3 l 
CPU2U:O-l27 

Delc,ipdoll ti....-.: 
Tbc lnaarupt Rouline ((Nf) label marts lhc 
bcgiDDing of tbe intcnupl l'OUline (n). Tbc 
ma:dmum number of intcnupls supponed by the 
CPU lll is 32, and by the CPU 114'. 128. 
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able lnte1TUpts 
1bll; 

--(!Nt) 

:ripdea: 

Enable latcnup&s (ENI) coil globally eaab1cs 
ming~ all Maicbed imemspt cwnts. 
able Interrupts 
bol: 

--(prsp 

r) , 

ripdaa: 

Disable IJlleffllpl5 (0151) coil globally disables 
••• of aJl iDlen ••• events. 
:urn from Interrupts 
bol: 

Conditioaal R.etum flam lntemlpls (RETl) 
retoms from an imemlpl based upoa the 
itionoClbe~ •• 

UncondukJaaJ Relum ftom httenupts (RETI) 
lffll$t be used. to terminate each interrupt 
De, 

Network Rad 
Notr. CP(} 3N on(v. 

EN 

TABLE 

POR.'!' 

TABLE: VB. MB, *VD. •AC 

PORT: COdltallt 
(CPUlU: 0) 

DelCl'QMietlofww••'--• 

Tbe Nctwozk R.cacl (NETR) iDsuuction inwates a 
<»mmunicatioa apera1ioA to plla' dala fmrn a 
fflllKllC de\ic:c tbtallp die 'FD ilied port (PORT). 
as defined bl tbe dtsaiptioll tai* (TABLE). 

You can use 1bc NElR imaucaon to fflld up to 16 
bJtes of Ultbnallioa liam a ranotc stalion,. aad use 
the NETW IQSb'uc:doa co fflile up to 16 bytes of 
iufbnmlioa IO • re11101e IIDtioo. A maximum of 
ei&bt NBTR and NETW instructions may Ile 
activated ac any one time. For e.w •• plc. you aJR 
haw four NETR. and four NETW iDsttac:tions. or 
two NEn. and a-< NETW iastructions. 
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Network Write 
.ltf1*: CPC.' 1 I .J OIi~\:. 

EH 

TASL£ 

PORT 

TABLE: VB. MB. •VD. • AC 

PORT: CODSlaDI 
1CPU 2U: 0) 

Deicripdea of e,enatiola: 
The: Nct¥,ork Write (NETW> i.nsUuclioa initiates a 
communicalion opemiQn lO wricc daw to a mnote 
de\icz tbmugb. the specified poet (PORT). :as 
defined in the dtscriplion tal* (TABLE). 

You can use the NETR insuuction lO rQd up to 16 
~ of information from a temOlC SliUion. :111cl use 
Ille NETW instruction to write up lo 16 b_\1es of 
infonnation to a mnocc stalion. A. Uli&.umum of 
csgm NETR aad NE1W aas1rnaions ~ be 
acti\'alc:d al :i~· one time. for aamplc. ~-ou can 
ha,-e fOUl' t-."ETR and four ~"'ET\V insuuc\ions. or 
m'O NF.TR and six NETW iastructions. 

Transmit 

EN 

Opcraad,: 
TABLE 1b~1c1: VD. m. QB. \.fB. SMB. -vu 

•AC 
PORT 1~1e1: O 
Oescriptioa or uprnatiu.: 
The Tr.msmil ,,._1't1Tl box ilwilkcs Ille 1.r:msmissaon 
uf the dat.a buffer (TABLE). The first cnll) in the 
~13 bulfcr ~ificc.; I.he number of ~1cs to be 
transmitted PORT specifics Lbe eommumcauon 
pott to be used for 1ransmi5sion. It must alu~-s be 
II. 

Data Slaaring with 
Events 

l•terrupt 

Bec:111se il8nUpt C\UU a. a5.''llduvoous 10 the 
main 19tf-pnJIIW. ~- C111 occur a&~· point 
daring cm:auoa ~ die main uer-progr.un. Wbcn 
the IIIIWl pl'Olralll and an interrupt rOllliae share 
eta. you ...a undmlaad the nature of lhe 
problems that can arise and bow to a\"Oid sud1 
problems. 

OatHharing problems can occur in si1ua1ion 
\met"e a sequence of opera(ioas an: pcrfi:>nned in 
the main p,ogiam on dal8 stottd in a memo~ 
loc:.stion shared by lhc maiu program and an 
inlcnupt roucinc:. If an iatcrmcdillle rc:sult is stored 
in the slMnd manory kaliOA. lhal an iAICmlpf 
e"\-e&t OCCllrring bdore tbe R:qUCDGe is c:omplele 
\vill cause die intenupt routine ro be e:\'lleCUled wilh 
in,-alid d:113. or it will CIOl1lipl :an in1Cl1Mdiatc 
\-aJ.UC in the main program. 

The si.tuatioos described abcwc appl~· whether you 
"rile you pn,v,uas in STL or LAD. If ~'OU write 
your programs in LAD. you should aJso be aware 
that many LAD iasuuctions produce a scqucnc::c ot" 
STL instnaceioas. If the LAD instruction IS located 
in \he main program IUld is opcratiJlg on dill.a 
Sl0red in a sh4rod memory location. an intcrrupc 
e\·ent ca occur bel,l'Clm tbe e~ of the STL 
1nsuuctioas. allcring inlCOIICdiate ,-alucs and 
making it appear that the LAD ins&ruction 
~ i~·. For &cchniqucs to a,·oid 
pcdllcms wilh data sbariag. sa: ~ 
!ID.oifplq1q£P?fa SIJaries . 
Programming Teclmiques for Data 
Sharing 
The foHO\\ing prog,anunin& ledmiqucs should be 
followed 10 :n-oid pn,blems \\ilh ctlt:1 sharing 
bet\\art ~"Otar mam program and interrupt rounnes. 
Thc:sc techniques either res1ric1 the way :access is 
node 10 shared memory loct11ians. or,~- make 
inmuaion sequences ustng shared n1Cm~· 
!~ions uninlcrruptibk. The appropnate 
tec:hnique depends upon the size of lhc d:U:1 being 
shaffll (simple ckmc:uls such as a ~tc. word. or 
double-word ,,ariab!c or complex elements sucll as 
multiple ,'Miablcs> 3nd ahe prosr:muning l:.111,guage 
(STI.. or LADi. 

If tM shared dat.l is a single t,_.tc. word. or doubtc 
l'Ord ,-artsbk ;ind your program is written in STt. 

. then m:dtc sure that intcmlCdi.11c or tcmporJI')" 

~ 

,11lucs arc nol su,n..'d in shared menaor\ lo..--:.itioos. 
9 A shared IOC3rioo should be :icc:csscd in 1bc mam 

program 011J~- as the initial source ,11luc or the Cin:il 
dcstin.-nion value in a scooence o( oocr;nions 
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If die~ dlla is a u,le tJ,lc. \\Qfd. or double 
wo1d ,'lrill)le and you pn1p111 is \\'rittca ial LAD. 
Ihm .ICCIII sbnl lllCm,V locatials using a Mow 
inllnlclioa. If die main prop1111 .-ams one or 
mare oper:llioas on a '111 '* podded by aa 
inl&nupt nJUtine. tbi: Move ialulDOll must be 
aed to 111CM the dlCa valuo flam die ••• 
1DIIIIOly locaiDn IO II IIOlH1lalut ....:y localioll 
or to III ICCUIDWIIOr. It die aia JRllllll 
pedbnm •«mm opes •• • dlla ia anb' 
to pRMdc a valae to Ill ~ lllllilll. rbca tbe 
last opaaaiol W be I 1--e iamclioB that 
ma die dlla value fmm u mlllll• or aon 
dnl memary IOCllicm IO Ille sllanxl memy 
kalian. Oda illlllllClians ia die secpacc 11111t 
•~ma die slllred maaory locMian. 

If lbe shanid dala is ~ ot IUed ~ 
"· or doulllc-wonls ._ valm lll&Sl ap,e: 
for example. tM premn lllCl ~ure of a ps 
in a -. tben die ~ diallldemble 
~ DISI and ENI, - be ..S to CD111nt1 
~ macine ClllCCIIDCln. Al die pcill ill yam 
llliD pn,pn (STI. or LAD) whm Gplrllions on 
..., 111111\0r)' Joc:alm ift to bept. i-=nups 
- be dillbled. Once all ••.••• 6:dag -- 
-- are c:omplele. umap11 _. be ~ 
allbled. Dlril!I tile lillc dllt UllemlpCs IR 
Ulllled, °*'11111 row. CIIIIIII atc11e ad 
•••••• IIIIIDrY kalians. 

Interrupt Event Priority Table 
••••• Delcripdell 
(By ""' prierlty) •• ••• E,tnt G"" ced la 

# Prilrity CPU lJ 

c-. (llipelt Prilrit)•) 
RcceiYe Ultanlpl 8 0 Y 
Trumr ~ U11e1T11p1 9 o• Y 

••• (Mhldle Prflrity) 
lilillll • IO.~• O o Y 
Risi.lie tdp. IO. I l I 
Risi.la edJe, 10.2 + 2 
Rilita qc. 10.3 6 3 
Falliq ed,e. IO.OM I ~ y 
fllliaa cdp. 10.J 3 5 
FllliD& edp, 10.2 3 6 
FIIJiacedaL I0.3 7 7 
HSCO CV-PVM ll o Y 
(a,mu Wlluf • pm,1 wJ/re) 

HSCl C:V-F'V 13 8 
(Qffllrl Wllw - pru,1 l'Olw) 

HSCI cmeam • dllnpd 1~ , 
HSCJ alerllll ,_ U 10 
HSC2 CV-af'V 16 It 
(am,,, Wllw • pn,tt valw) 

HSC'l MC.1io1 ilpul c:-.,c1 17 12 
HSCl mcrnal laet 11 13 
Pl.SO pa COUil t'Gqlllte 19 14 ••• PU I P1,11sc COUD1 complete 20 J 5 
m&emlFt 

Tillled (LlweR Prill'ity) 
illlediMefflllltO 
TIiied illempt 1 

10 0 
lJ 

y 

• Since CfiiiiilM"'P!m is inlaady half~ 
bDlh Ullllllil 1111 ian-e m die •• priority. 
•u C\• 12 <JW CV-PV> is llradled eo an 
......,._ dim lllida MIii O • eve.- I cu be 
llaldto •••••. ~ilcitlmMIUOor 
1 ii IUICbod to an --.., Ila Mil ll CIIIIIO( 
be aaldted IOa ••••. 
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olddtr Interrupt I Communication 
11truction Examples 

INetwark 1 } On lie tint ICln, cn11e 1 
pointer'° the dlta to bl 
tral lllllilbid. Select freepo,t 
modi, 9800 blud, no pdy, 
a '* per chlrlc:ter. SMB30 1s 
lhe freepo,t control byte. 

N .1 I MW 1111 -f J I U - 

,V1200""1IJf 00'1' t-'VDlOO 

MW a 
• la - 

9 ""1 IR OUT t-Ste30 

~2 ] 'Mletl IO.O lfld SM4.5 are bolh 
on, lie m1111ge tn the tJuffel' 
(polnlld lo •• V0100) Is 
nAlmlttld. SIM.5 ls on when 
thehlllll'llller II Idle. 

IO.O SM.t.S t -f~I EN 

*VDlOO jTMLE 

8 -f PORT - 
-.wn 3 ~ I As101 recetve 1ntem1ot ..,. 

a to lflllm,pt rou111M1 o. 111d ""* the fOUfn. 

SHO,l -1 I I iEN 

OjINT 
8 -1£VENT 

l (£NV 

!Networtl 4 I End of main ladder program, 

~) 

!Network a J 8eQk1 kMffllllt rouune o . 

1-£2 Ql.O 
al (s) 
(l l 

f~7 ) Reuw1 from lnlenupt to mlin pn,gram. 

Horizontal Lines 
In •••••. lop:. huiiwaatl ._ .-.a wira 
~---sin.lSiel. 

AU lines in I MlWOlk 1IDlt be WINMfilCled to 'Wllid 
demallS 
All •woru - lenniw in a cail c,r a box. 
Vertical Lilla 
la lldder \oalie, YMical lim:I rep I~ 1 ,.'ires 
mnneai• • Jlllllld lnRiiCla 

All Jiac8 ia a JIClWOlk .._ be cwrrncd 10 \'llid 
•••••• 
All aetwcwks 111111t tenaiw ia a c:aiJ o, a box. 
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i\NDWord 
i>•NI: 

INl 

IN2 OUT 

l)peradl: 

NI. TN2 (word): VW. T. C. IW. QW. MW. 
SMW. AC. AIW. Con.,tpnt. 
•vo.•Ac 

)UT (\\'Ord): VW. T. C. IW. QW. MW, 
SMW. AC. •VD. *AC 

>elcnptiN ot epentioa: 

l'he ~ WOid (WAND_ W) box ANDs the 
,orrapol!ding bils af the input \\l'll'ds IN I and IN2. 
ind loads tbc mult (OUT) in a word. 

,.ce: 
Nia INl • OUT and IN2 :t: OUT: 
, If IN2 and OUT• dircct-adchaed apcnads. 

and i.f otrr COlllains one of the ~ af 00. 
then the iDllrUCaioa is ill\'liid. 

, I! lN2 ii m mdiftltl addnsa Ud OlIT is a 
direct .&lras c:onea,mn,: one ol the byes f4 
die iDdirec:t lddras poillla. tben. the 

t\ND Double Wonl 

INl 

IN2 OUT 

[)penads: 

INl. IN2 {DlvQrd): VD. ID. QD. MD. SMD. AC. 
HC. Coastant. •VD. •AC 

)UT (°"wd): VD, ID. QD, MD, SMD. AC. 
•VD. •AC 

i.e.ertptiell at oPel'ltiell! 

l'he AND Dollble Word (WAND OW)~ ANDs 
be comSDOOdi.ng bill of the • doubk words 

· IN l and IN2. and loads the rcsoll (OUT) in a 
double \\'Ord. 

Note: 
Wben INl - OUT and lNl 1ll OUT: 
• If lN2 and our are duecl-addrcsscd openads. 

and if OUT (ODlains one or die t,,.1es ot IN2. 
then the instruction is lm-alid. 

• If IN2 is an iadiftet lldl:ftss aud OtJT is a 
direct addlal eomaiaiq oae ot the ~es of 
the indirect ~ poimer. then the 
instnlc:ttCNl is inYaltd. 

OR Word 
Symt,oi: .. ., 

EN - 

INl 

IN2 OUT 

IN l. INl (word): VW, T. C. IW. QW. MW. SMW. 
AC. AIW, Coosaut. -vn •Ac 

OV'r(word): VW, T. C. IW. QW. MW. SMW. 
AC.•VD.•AC 

Daalipllwtl_..._~ 

Tbc Oil Word (WOll_W) bo.~ 0Rs the 
comspoadlog bits oftbe iaput words INl and IN2, 
and IOlds tbc R$Ull (001') in a 'WOid. 

Notic: 
Wbca lNl ;,e our and INl .t. OOT: 
• If IN2 and our ue direct~ operands. 

and if our mntDhw 011C ot me ~- oe IN2. 
tbc:ll the UIIIU1IIClion ii ill\'llkl 

• If lN2 is an btdircc:t 8*tress and OUT is a 
dim:t oddlw conl9miag one of the b)1e1 ot 
the inditec:t addras pointer, Ulen the 
illllll'llctioa is i.Dwlid. 
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OR Double Word 
SylllNI: 

--· EN 

INl 

IN2 OUT 

<>,ennda: 

INl. lNl (Dword): VD. ID. CJ), MD. SMD. AC, 
HC. C°'*811t. -vi>. •AC 

OUT (Oword): VD. ID, QD. MD. SMD. AC. 
-VO. •AC 

O.ripdlatl ••.••• : 

ne al Double Ward (WOR_DW) box OR, die 
C01MlpW#1& bllS oldie illpal cblllle woa INI 
ud IN2. ad •• die ••• (001') ia • dolllle 

""' 
Mlle: 
Wlrfa JNI 1t OUT and IN2 • Otrf; 
• ltlNlllldWT•~*8Mdl. 

• if our Cllllllill • ot tbe b.r* ot lN2. 
thin tM imh:1iol. ii iMlid. 

• lfOO is• ildm1 ldlnc 1111 our ii a 
direct ••••••••• - of die l,)'ICS " 
die indiRct -- •••••• dim die 
mlllUCllm is iMlid. 

XOR Word 
5,-.1: .•. _., 

EN 

nu 
I.NZ OUT 

Openads: 

Oil, INl \word): VW, T, C. lW, qN. MW. 
SMW. AC, AJW. COGIIIIL 
-VO.•AC 

VW. T. C. IW. (19/. MW. 
SMW. AC. •VD, •AC 

DacripdNolo,cntloe: 

The E.,ci!IIM OR Word (WXat_ \V) Im XORs 
the COffCtllOldiDI bils ol a. irlpul •lids INl ud 
1N2. IUld lclldl die rault (OUT) in a \YOl'll 

Note: 
When IN l • our ad tN2 • OUT: 
• tf lN2 and CXTr lR clNct-llfda CM Cd openndL 

111d If 00T Cllaias OM 0C die ~- ol lNl. 
11m &be ilSlnl:lioe ii iMlilt 

• It IN2 is • illlin:d addlm ud OUT is I 
clinct lddress c:aarainiJII QIIC ol lhe byta ol 
die i1dftlct llddlas paialer. dlCll die 
illllw::daa is invalid. 

XOR Doable Word 

.... _. 
EN 

INl 

IN2 OUT 

•••• 
IN1. IN1{1)watd): VD, ID, QD, MD, SMD, s: HC. 

c-.•VD.•AC 

ClJT (Dword): VD, ID, (1). MD, SMD, AC, •VD. 
•AC. 

The E.'dlln-e Cit. Domle Word (WX(lt_DW) 
box XORs the CXlitlSP*il'I bill ~ the • 
double wanll JNI ud IN1 ..S laldl the ftSllll 
(OUT> iD a dDllble word. 

Nole: 
WIien IHI • our a1 IH2 •• our: 
• lf'INl aml Ol1I'"' dirlc:l..ddleued cpnmdL 

aad if OUT OOllli.lll _. of dac t,ylCI of CN2. 
din the iillUaakla is ilmlicl. 

• II lN2 is II iaclmct ltial ad OUT ii a 
meet •••• QI ••••• - of die bylll o{ 
\lie iAllmQ •• p,imr. - lhe 
blllNClioa is isMlid. 
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Invert Word 
Sy!NOI: 

DV Ir 
EN - 

IN OUT 

IN (word): 

(XJT (word): 

VW, T. C. IW. QW. MW. 
SMW. AC. AJW. ComtaaL 
•vo.•AC 
VW. T. C. lW. QW. MW. 
~t.. •'ln. •ft.,t 

Dacrt ••••• tl ••• ldoll: 

The ln.vert WOid (JNV _ W} bo., likes die ones 
........- oClbe .inpul ..-cl valae (IN) and lOlds 
die ••••• in a ,rad vallle coun. 
Invert Doable Word 
S711Ni: 

rr,_,. 
IN 

IN OUT ·· IN(Owonh: 

OtJI' (Dword): 

VO. ID. QO. MD. SMD. AC. 
KC. COllllanl. -vn •A.C 
VD. ID. QD. MD. SMD. AC. 
•VD.•AC 

11le bM:lt Daullle Word (INV _OW) box &Am tbe 
Olla aapltwcmt of die illpll double word ,n 
(00 and loldl the temlt in a doallle word value 
(OUT). 

Ladder Logical 
Eumples 

Operations 

I~ 1 l Evety scan, AND VW100 and VW200 
togelher 1nd store the res&11t in VW200. 
Also, OR VW300 and VW400 tOQ91het' 
and store tlle ~ In VW500. 

S!'t0.0 IIIUU)_lf 
EN 

VWlOO-lINl 

VW200~ IN2 Ot.'T ~ WZOO 

:3
'6.N __ ,, 

INl 

Ite: oUT ~vwsoo 

INelworl 2 I When 10.0 Is on, ·xOR· AC1 and ACO 
togehr Ind SUll91he resull In ACO . 

~··· ... _., 
.EN 

ACl -l1Nl 
ACO -l IN2 OUT i-1'CO 

!Netwaft 3 I When I0.1 tllMlionS from off to on, 
invert ACO (ones complemeffll Ind IIOt8 
llnACO. 

{Network 4 1 End °' main user program. 

~{pm) 
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Add Iateger 
s,...,.: 

.I.DD r. 
EN - 

INl 

IN2 OUT 

INl. .IN2 (\\WCI): VW. T. C. lW. QW. MW. 
SMW. AC, AJ.W, ComtanL 
*VD. *AC 

OUT (WOid): VW, T. C. lW. QW. MW. 
SMW. AC. •VD.•AC 

Delc,..._tlw......_? 
The AM. 1-.., (ADD_l) box adds two 16-laa -.,S (JNJ. 00), 111d pn,clllces I )6-1,ia JeSa11t 
(Cl.n'). •••••• ia the~--: 

INl + IN2 • our 
Netc: 
Whal INI -our Md IN2 .a oor: 
• lflNl ad OUT m: clra::Hdclremd apenDdl. 

aad ii our CIIIIAml one ti die ~ ol 00.. 
- •• Ulltrat1ima ii ima1icl 

• Jf lN2 is an imdiftct addn,u IDd OUT is a 
clRlCl lclllea fflf!llmio& one ti lie t,yu:a of 
the iJldba:t adchss poiD&cr, tbco the 
intlrumca is hMlid. 

Add Doable lateaer 
S,-llol: 

~DI 
EN - 

INl 

IN2 Oln 

JNl, IN2 {[)wold): VD, JD, QO. MD. SMD. AC. 
RC'. ConsaanL -vn •Ac 

our (l)wcml>: VD, ID. QD. MD. SMD. AC. 
*VD. •AC 

......••. .,_~ 
The Add Double hllepr CADD_Ol) bo., adds two 
31-llit ilatqas (INl. INll, aJld ~ a 32-bit 
tal1k (OUT). as is sboml ia tbe equaaion: 

JNl + JN2 •OUT 

N.et: 
WIien INJ ;11r OUT ad IN2 ~ OUT: 
• ft IN2 811d OUT ae direct"llddl EI Eel apcraods. 

and if OOJ' COlllli• OM of die ~ fl 00. 
tbea a.be in:suumoa is iJrvud. 

• lf IN2 ii a indirect l&ldillS ud 00T is • 
diNct addrea .......,. one of die b,i,1eS of 
die iDdirec:t addra5 poialer. lhen the 
iasb .:tioa is invllid. 

Add Real 
N-.: CPC JU only. 

ADC a 
EN - 

INl 

1N2 OUT 

INl, 1Nl (Oword): VO, m QD. MD, SMD. AC. RC. 
Consum. •VD. •AC 

Dwrlpdoe "'0 ••.•••••• 
The Add Real (ADD_R) box idds two 32-bit real 
•••••••. ({Nl. IN2), nd pnaas a 32-bil raal 
IIUllber realt (OUT), • is shown in the tqllllion: 

Nole: 
Whca INl - OUT and IN2 • arr: 
• 1roo • arr ~dilec:l-addl d openmds. 

ud if Ol1r c:mlaias 011C o( the ~ m tNl. 
tbeD die iDstructioll is llffllici 

• If IN2 ii 111. indnct lddras IJlll our is a 
difllCl admm QOllllimn, one at the ~,cs of 
Ille illdirect lddtas pointer. tbca the 
insU1lcdoo ii hl\11lid. 
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Subtract Integer 

S,-ol: 

smr_z 
!N 

INl 

IN2 OUT 

o,a •• u: 
lNI. IN2 (word): VW. T. C. IW. QW. MW. 

SMW. AC. IJW. Coamat. 
•VD. •AC 

our (word). vw. T. C. lW. QW. MW. 
SMW. AC. •VD, •AC 

Dsripdellttl e,allloa: 
The SlblncC IIIICF' (SUB_l) box IUbtllCll rwo 
16-hit inrqas (1N l, INl). and praclllces 1 16-bit 
,..... (OU'n .• ii sllowa ill die •••• : 
INl -JN2 •Olfl' 
Neer: 
Wliee INI • OUT ud IN2 • our: 
• ff lN2 ud Ol1f 1R mec:t •.••• ll~ cl ope,ud5. 

u11 it our~'* o1 abe bJW ot oo. 
dial •• iJlllnlCtioD ii ilMlid. 

• If IN2 ii • indbeca .-. 11d OlJi ii a 
dincl 1C1111e11 corahrina w ol 111e t,y1a o1 
die idrffl •• poi.lier. diem die 
illnctiol1 is illvalid. 

Subtract Double Integer 
S,.W: 

.IUB_nr 
&ff 

INl 

IH2 OUT 

()pcrMds: 

INI, INl (Dworch: VD. ID. (J). MD, SMD. 
Ar.. HC. COIIIIIIIL •VD. • AC 

OUT (Dword): VD, ID. QD. MD. SMD. AC. 
•VD. •AC 

Dae ••••• tf W!ladllll! 

Tbc Slblmc:t Dollblc hwl&cr cSUB_Dll bo.x 
sublrac:u t\\'O 32-4,it iatqm (IN l. IN2). and 
proc11ca 1 32-llil rault (OUO. a is .,_,. in lbc 
equlUOll: 

INl - IN!• OUT 

Nele: 
When JNI • OUT ud 00 • our: 
• 1f lN2 llld our are~ openuads. 

ud it OUT coawas GIit oft.be ~- of IN2. 
dra lbe iD1UuctiaD ii ilwaHd. 

• ll 00 is aa i9cina amiNss 111d OUT IS a 
clftd .._ COMliailll am ol die ~- of 
lllt iDclnlCl lddlm •••••. lbcrl &.be 
Ullll'IIC:tim is invalid. 

Subtract Real 
"'11.: CPU 1U Oll/y. 

.. _. 
EN 

INl 

IN2 OUT 

INI. IN2 (IA'Ol'd}: VD. ID. QD. MD, SMD. AC. HC. 
Comla«, •VD. • AC 

Ol1T (Dword): VD. ID. QD. SMD. AC. *VD. •AC 

.,.,..... of e,cndoa; 
The~ Rl:al CSUB_R> box lli,tncll 1we> Jl-bil 
al .....,... (IN1. 00). and pmues a 32-bil 
n:al -- nail (Olli). • is sllowll in tbe 
eqlllioll: 

Noee: 
Whal IN l - OUT aDCl IN2 - our. 
• If lN2 and OUT me dulc:.Hddraled opauds. 

11111 if our aNaim one ol llle t,ylas ol JN2, 
tbea tile uuaxw:tion is ilMlid. 

• If 1Nl is an inclrecl addral and OUT is a 
direcl addlas a>nllililt& om of Ille bytcS ol 
tbe indin:a ~ poudCI', lbeu the 
inslnlCliOtl ii m,-.lid. 
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Multiply Integer 

Syellel: 

INl 

IN2 OUT 

tNl. IN2 (word}: VW. T. C. lW. QW. MW. 
SMW. ~. AJW, COldblllL 
•VD. •AC 

our (Dword): VD. ID. QD. MD. SMD. AC, 
•VD. •AC 

Desrtpdlll fl.,......_ 
T1lc Nuldply ln&cpr (MUL) box mltitpS two 
16-tlit illlCtfln (INI, INl). llld Plodlloel all~ 
•••• (Ot1T} •• ii ••• iD dlc1q1 •• 1oe· 

Noe: 
SGIIIC ~ •••• ad ompll opmDd5 1R 
iavalid. 

M.ttiplyReal 
/'WI: CPU 114 only. 

~-· 

INl • JNl • OUT 

Nete: 
Wlw:n INl -OUT aad INl *- OUT: 
• If lN2 and Q1l' :are 41rec:t-lddrmed operands. 

ad ,.r wr coowm oac r1111e ~'\CS or rn2. 
1beD the iDllrlC1iclG ii invalid. 

• If lNl is an i1llilect aM1S and Ol1T is :a 
ciJec:t addn:ss <NJlimng one rl 1be IJ!.US of 
Ille iadlna lddlea pDialer. lbeD I.he 
UIIU1IClioll • un'llill 

Divide lnteaer 
S,-llol: 

INl 

Df2 OUT 

o,.r....- 
lNl. 1Nl ('ROl'd): VW. T. C. IW. QW. MW, SMW. 

AC, AIW. CCICIICln&, •VD. •AC 

our (Dword): VD. ID. (1), MD. SMD. AC . -vn 
•AC 

TIie Divide 1-., (DIV) bait cmda two 16-btl 
mlCIIII llNl, 00). ad sn-m I 32-lit malt 
(Ol1f} ~- rl rl I 16-lit qlllDlllll ad I 16- 
1:Jil raminder. II ii lbowD ii dlic CCJIIUQO; 

EN I I INl I JN2 • Ol1I' 

INl I I Nelel: 
• Sos~ ;..- and Olllpll operuds 

I!f 2 OUT t- I 1N1 ilMlid. 
• TIie 32-llit taU1l ((XJ1) CIIWll be the 81118 at 

o,en.ds: I die secoad ilplt (00). 

1NI. IN2 (Dword): VD, D>, (1). MD. SMD. AC. 
HC. CGllllllm. -VO. •AC 

00T ~: VD. ID. QO. SMD. AC. •VD, 
•AC 

Dacriplila " If I llba: 
The Ml1liptJ R.aal (MUL_R) bos malliplies ltl'O 
32-bi\ real IIIIDben tJNl. 00). lld prodtal I )2• 
bit - ...., rault (OOT), • ii shown in the 
Cllpllion: 
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Move Byte 
s,.....: 

,.,.,_. 
EN 

IN OUT 

OUf(byle): 

VB, IB. QB. MB. SMB. 
AC. Constant. •VD. •AC 

VB. 1B. QB- MB. SMB. AC. 
•VO. •AC ~.,.,......: 

TIie Ma\'C Byte (MOV _B) box mcft'CI the Ullllll 
byte (IN) to die OUlpll b,1e (otn'). Tbe •••• ~ 
is •• alMftd bJ 1M IIIO\'C. 

Move Word 
s,-W: 

l!IIW_fl 
EN 

IN OUT 

o,erudl: 

JN(wonl): 

OUT(WOfd): 

VW. T. C, IW, QW. MW, 
SMW. A~ AIW, Comllllt. 
•VD.•AC 

VW. T.C.IW.QW. MW. 
SMW. AC. A.QW, •VD, •AC 

Dmrtpdlm fl w • ..-..: 

TIie hb-. Weird (MOV _ W) bo.'< 1DDVCI the input 
~ (IN) 10 me OUlpll Mid (OJn. ne inpll 
wont is llOl allered by the IRO''C. 

Move Double Word 

S)'9IINII: 

,ov_,,. 
EN 

IN OUT 

Operuu: 

IN(I>Mrd): VD. ID. QD. MD, SMD. AC. HC. 
Coalm!. •VD. •AC. ave. &IB. 
4Q8.. &MB. &T. &C 

VD. ID. QI>. MD. SMD. AC. •VD. 
•AC 

Ol1f (Dwonl): 

DelCrillCilaflopalllim: 

The Move Dollble WOid (MOV _DW) bo.'< maws 
Ille iJlpll cbllie word (IN) 10 die oarpl1l dod,lc 
WOid (CM'). TIie illpd double ward is DOt lltcrcd 
by the IIIO\'C. 

Mow Real 
Nfl#: CPl.: ZJ.I Ollly. 

NOV"_Jl 
EN 

IN OU'f 

lN (DwonD: VO. ID, QD. MD. SMD, AC, HC. 
CQllllll:a. *VD. • AC 

VD, ID. QD. MD. SMD. AC. •VO. 
•AC 

Dau..._.,.,.. ..... : 
Tbt Move Rell {MOV _ll) llal IDO!i'CS a 324il teal 
input dDa1lle Mid (IN) to die Ollpll cblblc mwd 
(Oln'}. ,... illplll doallle wGld is - ••• by the 
move. 
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Block Move Byte 

s,.IMI: 

IN 

N OUT 

o,e,.,,,: 
IN~): 

on (byte): 
N (byte): 

VB. m. QB. MB. SMB •w. 
•AC 
VB. m. c:,I. MB. SMB. •VD, 
•AC 
VB. 1B. QB. MB. SMB. 
AC. c-. •VD. •AC 

The Block Move ~ (BUCMOV _B) bax 1D1M1 

111c -- of byla spcdficd (N). - Ille - 
any UllioC II IN, to the -.,. mny llaniq at 
OOT. Nusa,-.ctltoUS. 
BIGek Move Word 

-" 
IN 

N OUT 

IN (word}: VW.T.C.lVi.(2\\1.)11{\V. 
SMW.AJW.•VO. •AC 

OUT (1nlnt): VW, T. C. lVi, t:/N. MW, 
SMW, AQW, •VD. •w::. 

N~): VB. IB. QB. MB. SMB, 
AC.COIIIUt.•VD.•AC 

••••••• fl-llllllw 

Tbe Block Move Want (BLICMOV_B) box IDO''CS 
tbe -- oC Midi •••• (N). ft'olll Ille iapll 
lffllY Sllllill& • IN'. co die Ollplll lfflY Dniog at 
OUT. Nlman11Foll11tl55. 

Swap 

S)'llllol: 

IM 

o,en.m 
lN(wvrd): VW, T, C. JW. QW, MW, SMW. 

AC.. •VO. •AC 

Daeripdoa " ••••••• 

The Snp D)'le box DC'M11111 dll maa-tipificut 
~ Mtll die 1cllt-tiprillc:Ms byte ol 111e wont 
(1N). 

Sldft Ript Word 
S,-lill: 

~ .. _., 
1H 

IN 

N OUT 

0,. •. 
IN (wool}: 

N(byle): 

our C'Mlld): 

VW, T, C, lW, QW, MW, SMW. 
~ AI.W. COBIIIII. 'VD, •AC. 
VB, IB. QB. MB. SMB. AC. 
COIIIIIN. •VD. • AC 
VW. T, C~ IW, QW. MW, SMW, 
AC.•VD,•AC •..•... ., •..... 

1\e SWft lticbl WOid (SHll_ W) bo.'t tbifts llie 
word \111111 (IN) ript by lbe shift c:Gmll (N). IDd 
lolcls 1lle ••••. di •• ouq,ut wonl (OOT). 

SMI.O (mo) • lifOOT • 0 
SMl.1 CCMdlow) • l if lllll \ii slliled aul 
•U 

Ntec: 
Wt. IN• OO't: 
• If N ud OJI' an: cinl:t-iddreaell opam. 

am ifOUf CCllllins N. da die ilsUlll:UOI is 
hn'liid. 

• If N is• ildillCI lddrw ud 00T is I dind 
llldl'CS mM1iein1 ane ol die tJ,te5 of die 
ioclirect ••••• poiala, tbal tN illU'ICdOa ii 
imlid. 

• It N 111d OUl' aie ~ .._ painlffl 
and. poinlers - equal, then Ille UIIIIIICdon 
ii ilJYllid. 
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Shift Left Word 

Symllol: 

.IB_Jr 
EN 

IN 

N OUT 

IN(word): VW. T. C. lW. QW. MW. 
SMW. AC. AJW. COOUDl 
•vo. *AC 

N {byte); VB. 1B. QB. MB. SMB. 
AC. CONIIDl. *VD. •AC 

OUT(word): VW, T. C. IW. QW. MW. 
SMW. AC. •VD, •AC 

DearipdH ti eperadll: 
The Shift Left Word (SHL_ W) box sbiftl the \Wld 
\'llllt (IN) left by tbe ~ count (N). end loads the 
rauk iD Lbe OUlpll word (OUT). 

SMl.O{mo) • lifCXJl'•O 
$Ml .1 (CMrftow) • J if last bit lbilted OIII 
so 

Nere: 
When IN tt our: 
• If N and OUT 11e ~ opcnmds, 

amt if oor CCldaias N. tbea the insmac:don is 
invalid. 

• ff N is aa indiMCt lddlas ud 00T is a diJlt't 
l1ddl'tll cmainiq • ol the b!i• rt die 
nmec.1 ••• poiaacr, tla the illlnctio8 is 
Ulvalid. 

• If N and OlTI' 1R indmct addras poimcrs 
and 1ml poildas 1R cqlll, IMO 1M ilsnUCbOa 
is invalid. 

Shift Left Double Word 

a:r._. 
EN 

IN 

N OUT 

VD. ID. QO. MD. SMD. AC. HC. 
COlll&allt. •\'O. • AC 

Ntbytc): VB. IB. QB. MB. ~m. AC. 
Coamnt •VD. • AC 

our (Oword): VD. ID, QD. MD. SMD. AC:. •vo. 
•AC .. ,..... ..•. ~ 

ne Sid Left Doable Word cSHL_DW) box shifts 
the dDlllle word \'Ihle (IN) left by 1be shift CCJIIDl 
(N). and Joa lJlc result ia the ciutput double word 
(OOT}. 

SM1.0 (zao) • 1 if OUT: O 
SMU ( O\'erflo\v) • t if 111st bit sbifted ow 
=O 

Hele: 
WlaeD IN ;a our: 
• If N and our are cliftlct-tddreaed oper.mc1s. 

and if OlTI' CODlaina N. 1hea 111c iasUuc:tion is 
invalid. 

• If Nii aa indnct lddraa and OUT is a cir= 
addlaB '*"linin& one of the ~1a of the 
indirect addlal poialer. lhmt the iamactioa is 
im'llid. 

• If N and OUT are iadim:t ldclrm pointers 
and the paimers lie ec,iaL. then the illlUlldioll 
isiJMlid. 

93 



Shift Right Doubl~ Word 

S,-ol: 

.sa_.cw 
EN 

IN 

N OUT 

Operand.I: 

IN(Dword): VD. ID,~- MD. SMD. AC. 
HC, Cc:mt:llll. •VD. • AC 

N~): VB. IB. QB, MB. SMB. 
A.C. Ccmlanl. •VO. •AC 

oor t°"'Old): VD. ID. QD. MD. SMJ>. AC, 
-vn •AC 

Daerfpdam fl operadea: 

Tbc Shift Ripr Double Word (SHR_DW) box 
sllifts die dollbk word Vllac (IN) riglat ~ the slaift 
caum (N). and laecfl the rem.It ill die «111qm1. cbible 
Mlfd(OUT). 

SMJ.0 {zero) •• I if OUT a o 
SM1.I (owdlow\ • I if lasa bit shiW oat 
•O 

Necie: 
When lN J: OUT: 
• If N and OUT are cim:t...tdlmed opemnds.. 

and if OlfT coallinl N, U. lbe inlmlaiclll is 
im'llid. 

• If N is an mdiJea address and our is a cirea 
addras matai•iq C* rL Ille bylm of tM 
ildina .-as poulll:r. dim the ilmnajon iS 
iDvalict. 

• If N aad 01.J1 aR ndm:t addn:ss paiJlffl 
and tbt poinlers an= equal. dial the UISIIUtUOll 
isinwlid. 

Rotate Ript Word 
s,..w: -- --· 

IN 

N CUT 

Opuudr. 

IN (wonll: VW, T, C. I\V. QW, MW. SMW. 
AC. AlW. Constam. -vn •Ac 

N (byte): VB. IB. QB. MB. SMB. AC. 
Com&aal.. •VD. •AC 

OUf(~: ·vw. T. C. l\V, QW. MW. SMW. 
AC.•VD.*AC 

Dacri,&a ef ••••••• 
The Rotlle Rigbt Wonl CROR_ W) box ro1a12S the 
\\'Ord Yll1II (IN) rip& ~ *' sbift cou• (N). and 
IGld5 the Jtlllk in die OIIIPll wad (OOTI. 

SMI.O (zero) • l ii <XJT • 0 
SM1.l (~\ • l iflastbilRJlalfd• 0 

Nate: 
WbmlN•OUT: 
• If N md OUT uc disa:t-ldrict...:11 opcnmds, 

111c1 if our couim N. ••• lbc instruction is 
iawlid. 

• If N is III iJldirec:t admlll and otrr is a dinlct 
lddl'CSS comainina oae <1 die ~ fl die 
lldm:t --- paiulcr. dtCD tbc UIIO'DClioo is 
ilft.ilid. 

• If' N aad our are indba:t addras poimm 
and tbe paimas an: equal dlCII the UISfflllC'lioa 
is i8"llid 
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Shift Register Bit 

Symbol: 

EN 

S BIT 

)ATA. S_BlT (bit): l Q. M. SM. T. C. V 

~ (bytt): VB, JB. QB. MB. Sl\,18. AC. 
Constant. •VD. • AC 

l)acrfpdOll ol o,e1ation: 

rhe Sllift R.cgiscer Bil (SHRB) instrudioa shifts 
he value of DATA iolo tbc shift rcgislcr. S_BlT 
ipccifies the lt.:J&t-sipif.anl bit or the shift 
qpsacr. N spcciJics the len&th of the shift register 
ind the dim.1ion of the shift tsbift plus • N. shift 
nimas • -N). 
Fill Memory 
»yalN,I: 

nu._• 
EN 

IN 

N OUT 

N ('l\'Oldl: VW. T. C. IW. QW. MW. 
SMW. AIW. Constant. -vn 
•.a..c 
VW. T. C. tw. QW. MW. 
SMW. AQ.W. •VO. • AC 

XIT (wordJ: 

VB. 18, QB. MB. SMB. AC. 
COllSlllll. •VD. • AC 

JescripdCIII of operatioa: 

ihe fill Memory Box (flLL_N) fills the 111emC>11' 
tarting ac lhe output word (otm "'ilh tbe \\Old 
npa pa1lml (1N) £or the number ol \\'Olds 
pecified by N. N has a ,aoge of 1 to 2'5. 

l\iove I Shift I Rotate I Fill 
Eumples 

IO.a to. 
H 

I0.2 

} When 10.0 and 10.1 are on then 
mtNe vz,:,u 10 AL;U, ano swap 
the most signiflclnt byte (MSS) 
of vwo wtth the LSB of VWO. 

l .,., . 
I 

I EN 

VBSO- IN OU'!' " 

•••• 
EN 

vwo- IH 

·ACO 

When 10.2 is on then move 
VB20-V823 toVB1QO.VB10S. 

!Nclwork 3 

I0.3 

veio11N 
4-{N OUTt-VBlOO 

When 10.3 is on then fill 
VW200-VW218 with O's. 

nu._• o~:: 
lO~ N OUT t-VW200 

95 



!Network -' When IO.<& is on, then 11\e word 
value in ACO ts rotated ,vht 
twice and stored in ACO, and 
the word value in VW200 is 
Shifted left 3 times and stored 
in VW200. 

--· !N 

AC~IN 
2 N OUTt-ACO - - a:r._w 

!N 

VW20dIN 
3 N OUT t-,rw.zoo 

] Upon eve,y o to 1 trensition Of 
I0.5, the value of to.e is shifted 
into the sNfl n,oiSter st.ttng 
at V100.0 and d length 4. 

L_---i1&N 

I0.6jDATA 
VlOO.O S_8I'l' 

4 N 

!Nonvott6 Mein end of the user pn,g,am. 

Output 
Symbol: 

n 
-( ) 

n <bit>: I, Q. M. SM. T. C. V 

Dncrlpdoa fl operatiln: 
M omp.r coil .is tumal on and a.be Bit SlORld id 
addsa& II is ICI IO I wlD power flows IO the coil 

A nepted Olllpul cm be ml1ed ~ JUciDJ a tilt 
(lm-at Pooiwr Flem·) contlC:t before u OU1put coil. 

Outpat Immediate Coil 
s,·IINI: 

n 
------4( I) 

D (bit): Q 

J>acriptiN "'-.el"lldle: 

An Oillpll lmmodiDte Coil ii tlUDal on :md lbe Bil 
at ouq,.t ~ • is et to J wbca pcnffl' lkM1 10 
the coil An .- of die ld*e11e ~ i.mall """'1 
output Bit ud - a.be COfflllll wli11& pb.ysic:al 
output Bit oa:un ianecialely after 1hr: coil is 
9CIUed 'llridloat 1'1litiDs for IIClll c)de awplctioo. 

Set 
Sy•bol: 

S BIT 
-----1(s) 

N 

s_srr (bin: 

N~ttl: 

I. Q M SM. T. C. V 

m, QB. MB. SMB. VB. AC. 
CClll9:Utl •vo. • AC 

The Set Coil au lhe nm,e of poinas swling a1 
s _ err tor tbe namber or poim specifial 1,y N 
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iet Immediate Coil 

~-.bol: 
S &IT 

--(~_r) 
N ,...... 

s_BIT(bio: 
N~): 

Q 
lB. QB. MB. SMB. VB. AC. 
COIISllnl. *VD. • AC 

•••••• ti lll)ffllielt: 
be Set 1mmecti1te Coil i~· sets die mn,e 
f poiDls Slarting at S _ BIT for the mmbcr af poilu 
~ftedbyN. 

tesetCoil 
,-ol: 

S BIT 

-(a) 
N 

,crud,: 
s_srr (bit>: L Q, M. SM. T. C. V 

N (byle): JB. ~ MB. SMB. VB, 
AC. COMIIDL *VD, *AC 

lanipdo9ftlopendM: 
he lesel Coil taeu tbe m,e o(paims llllrting at 
_Brr for the oa,er ot pmms specified by N. I! 
~Brr is specified 10 be eilha I T or ll C bit. tbaa 
ath die timedc:oa1tr bit and lbe limerlcoua1cr 
11rreat value are nm. 
leset Immediate Coil 
,-Ito(: 

S BIT 

--{R_1) 
N 

--tis: s_srr (bit): Q 

N (byte): IB. O!. MB. SMB. 
VD. AC, ConlllDI. •VD, 
•Ar. 

•ripdlaflependee: 
:lie Rael IIIIIOdiale Cail iJll11111ady resets the 
111F rJ points stama al S_BIT a the llllDbcr ti 
oints spa:ified. by N . 

Ladder Output Coil Examples 

lNetwott 1 } When IO.O is on, then output Q0.1 IS 
tumedon. 

~o.o Q0.1 r , , < ) 

!Netwott2 ) When I0.1 is on, thtn outputs Q1 .o. 01 .1 
and Q1 .2 are set (turned on). 
These outpu&swHI remain on, even if 10.1 
is blned off, until they an, reset. 

!Networt 3 I When I0.2 ls twned on, thin outputS· 
Q1.0, Q1.1 and Q1.2 are reset (turned ofl 

!Netwont '4 l End of the main user program. 
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End 
Symltoll: 

UacmltiN.aEad 

(ltOMJ 

Tbc Codliclllll End coil lmminlles tbc main ascr 
•••••• bued Oil the Clllldiliaa of die pnacbg 
logic. 

The UIICIOIICtiriaPa End coil mull be U9Cld \0 
tenrmte die um paaram. 

Stop 
S,.W: 

~~~ 

()penltdl: 

The Stop coil lenllimla mcutioa of the I*? 
popaal by cai1la a 1IUSDIII IO \M tlap mode. 

W1tdtdo& Reset 
Syallol: 

--(1'DR) 

•••• 
(noM) 

DatripdN ef WWW ••• ! 

The W-=tldos a. tWDR) coil alkm1 the 
wlldrida& UIII« IO be rcutgcaed. Tbis c.-.ds the 
time tbc an rum widlau& pUill& a nlClldog 
error. 

n: CPU ?12: 0-63 
CPU 2U: 0-25S 

Delcrlfdoll ti wl'lllllw 

The lllllP '° Label (JMP) eon prilnns a brucb to 
the apec:iled label (II) •'itllin 1be prognun. 

Label 
S,-.1: 

n: CPU 212: 0-63 
t'PU lU: 0-.2'5 

Delcrifdlll fl.- ••••• ! 

1be Lallel (LBL) illlnN:lim IIIUb tbe loc:atiol\ of 
lhe jallp datiDlrioo (n). 1k CPU 212 allows 64 
~ and die CPU 21.& lllows 1S6. 

Call 
Sy •••• : 

()pcnlldl: 

n: CPU 112: 0-JS 
CPU 214: 0,,63 

'Deleripdlll f/1 WI ••••• : 

1be SabnJuljne Call (CALL) c:cil 111111fen COllbOl 
• the subrauline (n). 
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Ladder Timer I Coanter Eumples I l__iSMOj s lcu mt 

(Nenl'Otk l l Wben JO.O is Oil Ulen die 
mm wm 11111. Aftw ; tcCOllldl 
(30 X 100a) D7 bil •ill 
COll1IC OIi. 

1Nctwcn2 ) Wllal Tuner )7,... iu 
prea. lll1l CIQ 0,.0 . 

(Nctnlk 3 ! Wll&'I SMO., (l llC. dock 
•••.. 5•.•1111 . .Saec. 
fll> ii ON.1111111111 mer 
will liml. TIie 1' llit •ill came 
•after611Cl01dL 

INllwodc" I wta iu., ~ u 
..-.111rua QO. l. 

l_]5 QO.l , ' () 

!Nnmt' I a, •••• MU (I & dock 
ptdle) •••••.• CXIUllt 
pMSadlllln• dllCO bit 
wlmlam.-fllOiste.Slled. lO.O,... llJt--.r: 

10 wt 51.11'----' 

INetMrk, : 1 Whm a, ladles its,.... 111111 °" ®.2 . 

!NeMrt7 
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