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INTRODUCTION
Now that understand how inputs and outputs are processed by the PLC, let's look at
a variation of our regular outputs. Regular output coils are of course an essential part of
our programs but we must remember that they are only true when all instructions before
them on the rung are also true.
Think back to the we did a few chapters ago. What would' ve happened if we
couldn't find a "push on I push off' switch? Then we would' ve had to keep pressing to
button for as long as we wanted the bell to sound. The latching instructions let us use
momentary switches and program the PLC so that when we push one the output turns
on and when we push another the output turns off.
Picture the remote control for your TV. It has a button for on hand another for off.
When I push the on button TV turns on. When I push the off button the TV turns off. I
don't have to keep pushing the on button to keep the TV on. This would be the function
of a latching instruction.
The latch instruction is often called a SET or OTL ( output latch ). The unlatch
instruction is often called a RES (reset) , OUT (output latch ) or RST (reset). The
diagram below shows how to use them in a program.
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ABSTRACT
My project is generally is about PLC information's. But my project can be separate
into two part.
In the first part SIEMENS SIMATIC S7 PLC information's and sample program is
given. At the same time in this part has SIMATIC S7 PLC generally information and
instructions and history, is give In the second part MITSUBISHI FC-40 FC-20 PLC's
general is given.
And the last part is about the project and the program that wrote and implemented a
bout automation of air conditioner of AKM.
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1.WHA TIS A PLC ?
A programmable logic controller (PLC) is a device that was invented to replace the
necessary sequential relay circuits for machine control. The PLC works by looking at its
inputs and depending upon their state , turning on I off its outputs. The user enters a
program , usually via software , that gives the desired results.
PLC' s are used in many real word applications. If there is industry present , chances
are good that there is a PLC present. If you are involved in machining , packaging ,
material handling , automated assembly or countless other industries you are probably
already using them. If you are not , you are wasting money and time. Almost any
application that needs some type of electrical control has a need for a PLC.
For example , let's assume that when a switch turns on we want tum a solenoid on
for 5 seconds and then tum it off regardless of how long the switch is on for. We can do
this with a simple external timer. But what if the process included 10 switches and
solenoids? We would need 10 external timers. What if the process also needed to count
how many times the switches individually turned on? We need a lot of external
counters.
As you can see the bigger the process the more of a need we have for a PLC. We can
simply program the PLC to count its inputs and tum the solenoids on for the specified
time.
This site gives you enough information to be able to write programs far more
complicated than the simple one above. We will take a look at what is considered to be
the ' top 20' PLC instructions. It can be safely estimated that with a firm understanding
of these instructions one can solve more than 80 % of the applications inexistence.

2.PLC HISTORY
In the late 1960' s PLC' s 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 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 PLC' s. Conventional microprocessors lacked the power to quickly solve
PLC logic in all but the smallest PLC' s. As conventional microprocessor evolved ,
larger and larger PLC' s were being based upon them. However, even today some are
still based upon the 2903. MODICON has yet to build a faster PLC than their 984A/B/X
which was based upon the 2901.
Communications abilities began to appear in approximately 1973. The first such
system was MODICON' s MODBUS. The PLC could now talk to other PLC' s and
:y could be far away from the actual machine they were controlling. They could also
w be used to send and receive varying voltages to allow them to enter the analog
2

world. Unfortunately , the lack of standardization
technology has made PLC communications

coupled with continually changing

a nightmare of incompatible protocols and

physical networks.
The 80's saw an attempt to standardize communications

with General Motor's

manufacturing automation protocol . 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' shave seen a gradual reduction in the introduction of new protocols, and the
modernization

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

survived the 1980' s. The latest standard has tried to merge PLC - programming
languages under one international standard. We now have PLC's that are programmable
in function block diagrams, instruction list, C and structured text all at the same time!
PC' s are also being used to replace PLC' sin some applications. The original company
who commissioned the MODICON 084 has actually switched to a PC based control
system.

3.GENERAL PHYSICAL BUILD MECHANISM
PLC' s are separated into two according to their building mechanisms.
3.lCompact PLC' s
Compact PLC' s are manufactured such that all units forming the PLC are placed in a
case. They are low price PLC with lower capacity. They are usually preferred by small
or medium size machine manufacturers. In some types compact enlargement module is
present.
3.2Modular PLC's
They are formed by combining separate modules together in a board. They can have
different memory capacity , I I O numbers , power supply up to the necessary limits.
Some examples: SIEMENS S5-115U , SIEMENS S7-200 MITSUBISHI
PC40 , TEXAS INSTRUMENTS PLC'S , KLOCKNER - MOELLER PS316
O~ONC200H.
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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 1 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.
We can choose a value between 200 and 277 except 8 and 9 in the
exampic of output.

We can choose a value between 400 and 697 except 8.and 9 in the
example of internal relay
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You can use special relay-which you need are between 700-717 in the example
of special relay for example I use pulse generator of clock for one speed with special

relay 714.
c) Timer:
I wanted to use T8 timer from the 80 timer between 0-79 including 8 and 9
here aud you see how the load process had been done.
d) Counter:
You can use any counter between O and 46 including 8 and 9. Load process is
the saute as aside.
e) Shift Register:
You can use any register from 128 of them between O and 127 including 8 and
9. Shift register numbered l was loaded in the next side.
f) AND Instruction:

It is same as AND logic we studied in Logic lessons. Both keys that are
connected each other rapidly are on. output is on and is the other situations it becomes
OFF in logic. In. a multiplying processes both inputs are 1 than output is 1. And had it
ended with 2 limit switches and 1 solenoid valve in-order to understand the logic better
1y diagranis; it is stated as relay ladder diagnain and logic diagratn. So we cati telt iliat
LS 1 relay A and; LS 2 relay is B input and output is . Y. In suck equality it is that
Y=A.B according to the compulsion Of Boolean. If both inputs are 1 (ON) Y output
will be ON. In other 3 probabilities, output Y will be O (OFF) You can seethis in the
table of truth.
As known, the series of TTL is Logic entegrate containing 4 and gate with 2
puts in 7408. As in the circuit 1/4 has been made equal to ladder diagram by using
408. In both of them The function of output and working are same.
g) OR Instruction:
Or instruction has the same functions as or gate logic we studied in logic
ns. In here, just otily one of flie keys are OFF or 1 is enough for output to be 1 as 2
JS are connected in the parallel way As a result there is addition process and in this
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process one of the 2 parallel inputs is enough to be one. 1 gave 2 important
information's with or instruction. One as thent is Out function that is symbolmed with
200 in the circle. I will speak about out flinction 2 or 3 classes later. But now, I gave
output of parallel circuit, output 200 for file first time it means that: 1 mentioned that
speciat relay 704 is a clock ptiise generator lint 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 will be by chance in the following lessoni Let's accept that there is a
time diagram for to learn Or let's ass,ame that input 3645 gained by niaking ON/OFF in
the f-n, If we think that output 200 is connected to a lamb, the situatiuns that lamb will
be on are the times that output 200 is 1.

In this example. in order to understand or instructions better firstly, 2 limit
switches were connected to each other rapidly and shown a lader diagram and a
solenoid valve control in output of it. And same clrcuit has heen gained Logic equality
by using only lor gate of integrate of 7432. It is enou)41 to make on only one of the
inputs for the outputs. to be ON in. 3 equaliavence circuit to make output OFF It is
necessarv to make both parallel inputs OFF. This position was shown in the truths table
below.

h) NOT Instructions:
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 of input relay 1 in PLC.. If you
Carry out 1 logic level to input I from the outside, the sign is going to continue from B point as logic 0,
because of the instruction ofLOD NOT I.

4.ADVANTAGES
4.1 Accuracy
Tn relay control systems logical knowledge's carries in electro mechanical contactors,
ey can lose data because of mechanical errors. But PLC's are microprocessor based
ystem so logical data are carried inside the processor, so that PLC's are more accurate
than relay type of controllers.
6

4.2 Flexibility

When there is need of any change in control , relay type of controllers modification
are hard , in PLC this change can be made with PLC programmer equipment.
4.3 Communication
PLC 's are computer based systems. So that they can transfers their data to another
PC or they can take external inputs from another PC , with this specification we can
control the system were they are we can effect the system with our PC. With relays ties
is not possible.
4.4 Logic Control of Industrial Automation
Everyday examples of these systems are machines like dishwashers , clothes washers
and dryers , and elevators. In these systems , the outputs tend to be 220 V AC power
signals to motors , solenoids , and indicator lights , and the inputs are DC or AC signals
from user interface switches , motion limit switches , binary liquid level sensors , etc.
Another major function in these types of controllers is timing.
4.5 Data Areas
Data memory contains variable memory , and register , and output image register ,
internal memory bits , and special memory bits. This memory is accessed by a byte bit
convention. For example to access bit 3 of Variable Memory byte 25 you would use the
address V25.3.
The following table shows the identifiers and ranges for each of the data area
memory types:
Area Identifier

Data area

CPU 212

CPU 214

I

Input

IO.Oto 17.7

IO.Oto 17.7

Q

Output

QO.O to Q7.7

QO.O to Q7.7

M

Internal memory

MO.Oto Ml5.7

MO.Oto M31.7

SM

Special memory

SMO.O to SM 45.7 SMO.O to SM85.7

7

Variable memory

V

VO.Oto V1023.7

VO.O toV4095.7

4.6 Data Object
The S7-200 has six kinds of devices with associated data: timers, counters , analog
inputs , analog outputs , accumulators and high - speed counters. Each device has
associated data. For example , the S7 - 200 has counter devices. Counters have a data
value that maintains the current count value. There is also a bit value , which is set when
the current value is greater than or equal to the present value. Since there are multiple
devices are numbered from O to n. The corresponding data objects and object bits are
also numbered.
The following table shows the identifiers and ranges for each of the data object
memory types:
Object Identifier Object

CPU 212

CPU 214

T

Timers

TO to T63

TO to Tl 27

C

Counters

CO to C63

CO to Cl27

AI

Analog Input

AIWO to AIW30

AIWO to AIW30

AQ

Analog Output

AQWOto AQW30

AQWO to AQW30

AC

Accumulator

ACO to AC3

ACO to AC3

HC

High-Speed Counter HCO

HCO toHC2

Current
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5.LADDER AND STL PROGRAM
SIEMENS SIMA TIC S7- 200 PLC SAMPLE PROGRAM
In this program;
Cotton to filament convert during the war. While cottons are to comb by the
machine, separate operation during by the war cotton pieces are to gather of under the
machine.
This program purposes are cotton pieces convert to back. With this program cotton
cost decrease to less.
Program Work
1-

For the vakum if we gives the start, motor is start to work.

2-

After the 15 s machines are made with raw and once vakum.

3-

One machine and other machine between passed time 2 s , and vakum

time is for the all machine 8 s.
4-

If someone machine not work passed to other machine.

5-

If fire alarm or tight alarm gives , fan motor and all other operations are

stop. For the machines work are until push the button machines are not work.

Output
1- Start

1- Fan motor start

2- Stop

2- Machine 1 vakum

3- Reset

3- Machine 2 vakum

4- Machine work 1

4- Machine 3 vakum

5- Machine work 2

5- Fire alarm
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6-Tight alarm

6- Machine work 3
7-Tight
Symbol name

Address

Note

Start

EO.O

Start button

Stop

E0.1

Stop button

Reset

E0.2

Reset button

1. Machine Work

E0.3

If 1. Machine Work send to sign

2. Machine Work

E0.4

If2. Machine Work send to sign

3. Machine Work

E0.5

If 3. Machine Work send to sign

Fire

E0.6

If the fire alarm is coming

Tight

E0.7

Fan motor has tight

Start - Output

AO.O

Fan motor is start

Vakum 1

A0.1

1. Machine Vakum Valve

Vakum2

A0.2

2. Machine Vakum Valve

Vakum 3

A0.3

3. Machine Vakum Valve

Fire Alarm

A0.4

Tight Alarm

A0.5

To throw the motor tight

Cleanliness Air valve

A0.6

Tube Cleanliness Valve

Relay of Vakum

T32

After Start Vakum Relay

Vakum Time

T33

Valves are Vakum Time

Stop Time

T34

Between of Valves Stop Time

Counter 0

zo

1. Machine Valve Work Counter

Counter 1

Zl

2. Machine Valve Work Counter

Counter 2

Z2

3. Machine Valve Work Counter

Counter 3

Z3

Circle Reset

Jump Output

A7.1

Machines are not jump

If the fire sensor signal coming

IO

6. 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, 1024 byte

=

lkbyte and the number of memory capacity is stated these

units.
a) I. Group Memories:
First group memories are Random Access Memory (RAM) and Read/Write
(RlW). 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) TI Group Memories:
It is Read Only Memory (ROM). The type memory can be erased and
programmable. It is divided four into groups;
6.1) 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.
6.2) EPRO:M (Erasable Programmable Read-Only Memory): this type is
the memory type that is used in PLC devices. Written programmable firsfly, is store in
EPROM memory and is sent central processing unit.
6.3) EAROM (Electrically Afterable Read-Only Memory): It is like
EPROM memory, but to erase and ultraviolet light supply is not necessary. EAROM
hip to clean by erasing, an eraser voltage is exercised to suitable pin. When chip erases
one time, it can be programmed again.
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6.4) 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.
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.

6.5. PROGRAMMING DEVICES
The most important one of features of programmable controller is to have
programming elements, which are useflil. Programming device provides transformation
between operator and circuit of controller (Fig. 7.3.1)

Figure.6.3.1. Transformation ofpls circuits
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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 commumcate necessary order.
J

The advantage of CRT is to check program is easily on monitor.
In small PLCs programming
programmable

is used cheap, moveable,

small and mim

devices. The momtor 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 flinctions keys. F A2 of programming device
DEC FAl Junior module is shown at table 6.3.2.

FA-2 PROGRAMMABLE CONTROLLER
963

LOD

T

PROGRAM LOADER

Figure. 6.3.2. Programming Device of DEC FA-1 PLC.
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6.6 BASIC INSTRUCTION WORD
Instruction word list
a) Basic Instructions:

'S,.bol

Name

LOD

Load

A.\"D

A.~1)

OR.

ocr

OR
Output

MCS

Master Cnntrol Set

MCR

Maswr Cruir.ol

SOT

Ringle Output

Tll{
SFR

T,mPF
Counter
Shirt Registtr

£..~O

End

.SET

Set

RST

. Re!~~

Jl1P

Jump

JB?,i1)

Jump End

~OT

~ot

C!\"T

FL:~

I

Resf?t

I Function

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
mstruction word. In LOD, AND, OR, OUT, SET, RST, SOT instructions; there is a
truction word and number and addressing is obstructed with this that single
addressed instruction.
Two addressed instructions; SPit, SPit NOT, TIM, CNT, FUN 100-146, FUN
_00-246, TIM FUN, CNT FUN, FUN 147 and FUN 300. In this instructions first
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addresses are give instruction word and instruction numbers -xcept 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

7, 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
I

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

227,230

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

600-617

430-437

520-527

610-627

440-447

530-537

620-627

450-457

540-547

630-637

460-467

550-557

640-647

470-447

560-557

650-657

480-487

570-577

660-667

670-677

680-687

690-697

There are 240 units (30x8=240) internal relays between 400 and 697, we can
int the TISNIER, COUNTER or FUN outputs to the any of 240 sensor and then
use of this sensor for take new data or count value.
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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.

~1-1'Z:M.

We can use the signal generator which produces 0.1 sec clock sign that
means 10 Hz clock pulse sign ready.

~11-lH.

g) Timer:
There are totally 80 unit timers between O and 79. If you attent you can use 8 ou can use
any of TIMER that include O and 79. In there its enough to know for 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 4546 can count forward or review. Counter 45 has
and down pulse input edge yet counter 46 is connected to only one input of up/down
ituation 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.

16

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

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

6.7. 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 Stan 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 I 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
or one second or clock pulse sign for 1 Hz from special relay 714.
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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 FAIJ 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 FA lJ is operating of
the program has ended this relay becomes off

7-

TYPES OF PLC

The increasing demand from industry for programmable controllers that can be
applied to different forms and sizes of control tasks has resulted in most manufacturers
producing a range of PLCs with various levels of performance and facilities.
Typical rough definitions of PLC size are given in terms of program memory size
and the maximum number of input/ output points the system can support. Table 8.1
gives an example of these categories.

Table 7.1 Categories of PLC
PC size

Max I I O points

Use memory size
lK

Small

40 /40

Medium

128 /128

4K

> 128 / >128

>4K

Large

However , to evaluate properly any programmable controller we must consider many
itional features such as its processor , cycle time language facilities , functions ,
expansion capabilities.
A brief outline of the characteristics of small , medium of large programmable
troller is given below , together with typical applications.
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7.1 Small PLC s
In general, small and 'mini' PLC s (figure8.2)are designed as robust, compact units
which can be mounted on or beside the equipment to be controlled. They are mainly
used the replaced hard - wired logic relays , timers , counters. That control individual
items of plant or machinery , but can also be used to coordinate several machines
working in conjunction with each other.
Small programmable controllers can normally have their total I I O expanded by
adding one or two I I O modules , but if any further developments are required this will
often mean replacement of the complete unit. This end of the market is very much
concerned with non - specialist end - users , therefore ease of programming and a '
familiar' circuit format are desirable. Competition between manufacturers is extremely
fierce in this field , as they vie to obtain a maximum share in this partially developed
sector of the market.
A single processor is normally used , and programming facilities are kept at a fairly
basic level , including conventional sequencing controls and simple standard functions:
e.g. timers and counters. Programming of small PLC s is by way of logic instruction
list( mnemonics) or relay ladder diagrams.
Program storage is by EPROM or battery - backed RAM. There is now a trend
towards EEPROM memory with on - board programming facilities on several
ontrollers.
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Table 7.2 Features of a typical small PLC -Mitsubishi
Electrical :

F20

240 V a.c. supply;
24 V d.c. on - board for input requirements;
12 input , 8 output points;
LED indicators on all I I O points;
All I I Opto - isolated
Choice of output: Relay (240 V 2 A rated)
Triac (240 V I A rated
Transistor (24 V d.c. 1 A)
320 - step memory (CMOS battery - backed RAM)

Programming:

Ladder logic or instruction set using hand - held or graphic LCD
programmer , with editor , test and monitor facilities;

Facilities :

8 counters , range l - 99 ( can be cascaded)
8 timers , range O. 1 - 99 s ( can be cascaded)
64 markers I auxiliary relays ; can be used individuallyor in blocks of 8 ,
forming shift registers;
Special function relays;
Jump capability.

7. 2 Medium - sized PLC s
In this range modular construction predominates with plug - in modules based
around the Euro card 19 inch rack format or another rack mounting system. This
construction allows the simple upgrading or expansion of the system by fitting
additional I I O cards in to the cards into the rack , since most rack systems have space
for several extra function cards. Boards are usually ' rugged zed ' to allow reliable
operation over a range of environments.
In general this type of PLC is applied to logic control tasks that cannot be met by
small controllers due to insufficient I I O provision , or because the control task is likely
o be extended in the future. This might require the replacement of a small PLC , where
as a modular system can be expanded to a much greater extent, allowing for growth. A
medium - sized PLC may therefore be financially more attractive in the long term.
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Communications

facilities are likely to provided,

enabling the PLC to be including

in a ' distributed control ' system.
Combinations of a single and multi - bit processor are likely within the CPU. For
programming

, standard instructions

or ladder and logic diagrams

Programming

is normally carried out via a small 'keypad or a VDU terminal.( If

different sizes of PLC are purchased from a single manufacturer

are available.

, it is likely that

programs and programming panels will be compatible between the machines.

7.3 Large PLC'S
Where control of very large numbers of input and output points is necessary or
complex control functions are required , a large programmable controller is the obvious
choice. Large PLC s are designed for use in large plants or on large machines requiring
continuous control. They are also employed as supervisory controllers to monitor and
control several other PLC s or intelligent machines. e. g. CNC tools
Modular construction in Euro card format is standard , with a wide range of function
cards available including analog input I output modules. There is a move towards 16 bit processor, and also multi - processor usage in order to efficiently handle a large
range of differing control tasks. For example;
•

16 - bit processor as main processor for digital arithmetic and text

handling.
•

Single - bit processor as co - or parallel processor for fast counting ,

storage etc.
•

Peripheral processor for handling additional tasks which are time -

dependent or
time - critical , such as:
Closed - loop (PID) control
Position controls
Floating - point numerical calculations
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Diagnostics and monitoring
Communications for decentralized
Process mimics
Remote input I output racks.

This multi - processor solution optimizes the performance of the overall system as
regards versatility and processing speed , allowing the PLC, to handle very large
programs of 100 K instructions or more. Memory cards can now provide several
megabytes of CMOS RAM or EPROM storage.

7 .4 Remote input I output
When large numbers of input I output points are located a considerable distance
away from the programmable controller , it is uneconomic to run connecting cables to
every point. A solution to this problem is to site a remote I I O unit near to the desired I
0 points. This acts as a concentrator to monitor all inputs and transmit their status over

a single serial communications link to the programmable controller. Once output signals
have been produced by the PLC they are fed back along the communications cable to
the remote I I O unit , which converts the serial data into the individual output signals to
drive the process.

7.5 Programming large PLC s
Virtually any function can be programmed, using the familiar ladder symbols via a
graphics terminal or personal computer. Parameters are passed to relevant modules
either by incorporating constants in to the ladder , or via on - screen menus for that
odule.
There may in addition be computer - oriented languages which allow programming
f function modules and subroutines.
There is progress towards standardization of programming languages , with programs
ming easier to over - view through improvement of text handling , hand improved
umentation facilities. This is assisted by the application of personal computers as
rork stations.
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7 .6 Developments
Present trends include the integration of process data from a PLC into management
data bases, etc. This allows immediate presentation of information to those involved in
scheduling,
production and planning .
The need to pass process information between PC s , PLC s~nd other devices within
an automated plant has resulted in the provision of a communications capability on all
but the smallest controller. The development of local area networks ( LAN ) and in
particular the recent MAP specification by General Motors (manufacturing automation
protocol) provides the communication link to integrate all levels of control systems.

8 - PROGRAMMING OF PLC SYSTEMS
In the previous chapter we were introduced to logic instruction sets for programming
PLC systems. The complete sets of basic logic instruction for two common
programmable controllers are given below. Note the inclusion in these lists of additional
instructions ORB and ANB to allow programming of more complex , multi branch
ircuits. The use of all these instructions and others is dealt with in this chapter. Some
ypical instruction sets for Texas instruments and Mitsubishi PLC s are given in table
.1
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Table8.1 Typical logic instruction

sets.

Texas Instruments
Mnemonic

Action

STR

Store

Mitsubishi A series
Action

Mnemonic

Start rung

LD

with an open contact
OUT

Output

OUT

Output

AND

Series components

AND

Series elements

OR

Parallel components

OR

Parallel elements

NOT

Inverse action

. .I
ORB

As for not
Or together parallel
branches

ANB

And together series
circuit blocks

8.1 Logic instruction sets and graphic programming
In the last chapter we introduced logic instructions as the basic programming
language for programmable controllers. Although logic instructions are relatively easy
to learn and use , it can be extremely time - consuming to check and relate a large
coded program to the actual circuit function.
1n addition , logic instructions tend to vary between different types of PLC.
If a factory or plant is equipped with a range of different controllers ( a common
ituation ) , confusion can result over differences in the instruction sets.
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RELAY LOGIC SYMBOLS: (MITSUBISHI PLC)

Input, normally open contacts

Input , normally closed contacts

Inputs in parallel connection

Output device

Special instruction circuit block

A preferable alternative is to use a graphic programmer , as available for several
programmable controllers including the small Mitsubishi

and Toshiba models from

Japan. Graphic programming allows the user to enter his program as a symbolic ladder
circuit layout, using standard logic symbols to represent input contacts , output coils,
etc. as shown in the about figure. This approach is more user friendly than programming
with mnemonic logic instructions, and can be considered as a higher - level form of
language.
The programming panel translates or compiles these graphic symbols in to machine
instructions that are stored in the PLC memory , relieving the user of this task.
Different
programmable

types of graphic programmer

are normally used for each family of

controller , but they all support similar graphic circuit conventions.

maller , hand - held panels are common for the small to medium - sized PLCs
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although the same programming panel is often used as a 'field programmer'

for these

and larger PLCs in the same family. However, the majority of graphic programming for
larger systems is carried out on terminal - sized units. Some of these units are also semi
portable, and may be operated alongside the PLC system under commissioning or test in
- plant. In addition to screen displays , virtually all graphic programming stations can
drive printers for hard copy of programs and \ or status information , plus program
storage via battery - backed RAM or tape \ floppy disk. The facility to load resident
programs into EPROM IC s may be available on more expensive units.

8.1-1 Input /output numbering
It was previously stated that different PLC manufacturers use different numbering
systems for input/output points and other functions within the controller.
X400 X401 X402

Y430

X401
AND gate

OR gate

8.1-2 Negation-NAND

and NOR gates

These logic functions can be produced in ladder form simply by replacing all
contacts with their inverse , AND becomes ANI ; OR becomes ORI; etc. this changes
the function of the circuit.
X400 X401

Y430
Y430

X400

X401
NOR gate

NANDgate
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8.1-3 Exclusive - OR gate
This is different form the normal OR gates as it gives an output of 1 when either one
input or the other is on , but not both. This is comparable to two parallel circuits , each
with one make and one break contact in series as shown in exclusive OR gate figure.
X400

X401

X400

X401

Y430

EXCLUSIVE - OR gate
Note the use of an ORB instruction in this example. The programmable controller
reads the first two instructions, then finds another rung start instruction before an OUT
instruction has been executed. The CPU therefore realizes that a parallel form of circuit
exists and reads the subsequent instructions until an ORB instruction is found.

8.2 Facilities
8.2-1 Standard PLC functions
In addition to the series and parallel connection of input and output contacts , the
majority of control tasks involve the use of time delays , event counting , storage of
process status data , etc. All of these requirements can be met using standard features
ound on most programmable controllers. These include timers ,counters , markers and
shift registers, easily controlled using ladder diagrams or logic instructions.
These internal functions are not physical input or output. They are simulated within
controller.
Each function can be programmed with related contacts which may be used to
ntrol different elements in the program . As with physical inputs and
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outputs , certain number ranges are allocated to each block of functions. The number
range will depend both on the size of a PLC , and the manufacturer. For example,

for

the Mitsubishi F- 40 series , the details are as follows:
Timers T

450-457}
550- 557

Counters C

460-467}
560-567

The information

illustrates the use of different number ranges assigned to each

supported function. For example , the timer circuits for this programmable controller are
addressed from 450 to 457 and 550 to 557 , a total of 16 timers. It is the specified
number that identifies a function and its point to the PLC , not the prefix letter. This
prefixes are included only to aid the operator.
Internal facilities

Contact related to outputs
input

Counters and related contacts

output

Timers and related contacts
Auxiliary relays and related contacts
Special function relays

}-y

Figure 8.1 Standard PLC function

The functions listed are provided on most programmable controllers , although the
exact format will vary between manufacturers. Other functions may also exist , either as
srandard or by the selection and fitting of function modules to the PLC rack.
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PC (F40) 1/0 ASSIGNMENTS
400-407
Inputs: 24 points
410-413
500- 507
510-513
Outputs: 16 points

430-437
530- 537

Timers: 16 points

450-457
550- 557

Counters: 16 points

460-467
560-567

Auxiliary control

100-107

Relays: 128 points

170-177
200-207
270-277

Battery- backed:64 points } 300-30
Special function

370-37

Auxiliary relays ; 5 points
70, 71, 72, 75,77
f"tgure 8.2 Typical number assignments to internal functions

The operation and use of the listed standard functions is covered in the following
tions.
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8.2-2 Markers I auxiliary relays
Often termed control relays or flags , these provide general memory for the
programmer , plus associated contacts. They also form the basis for shift - register
construction. Normally a group of markers with battery back-up is provided allowing
process status information to be retained in the event of a power failure. These
markers can be used to ensure safe startup \ shut down of process plant by including
them as necessary in the logic sequence.
Referring, the Mitsubishi F40 has:
128 auxiliary (marker )relays
64 battery - backed markers

8.2-3 Ghost contacts
In certain cases it will be necessary to derive an output from the combined logic of
several ladder rungs , due to the number of contacts involved. The straight forward way
of providing this is to common - up the respective circuit rungs and drive an internal
relay or marker(M). This acts in the same manner as a 'physical' relay , in that it can
have associated contacts - except for the fact that it is simulated by software within the
programmable controller , and has no external appearance whatsoever!
In common with other internal functions , auxiliary relays I marker can be
programmed with as many associated contacts as desired. These contacts may be used
anywhere in a ladder program as elements in a logic circuit or as control contacts
driving output relays or other functions.

8.2-4 Retentive battery - backed relays
If power is cut of or interrupted whilst the programmable controller is operating , the
output relays and all standard marker relays will be turned off. Thus when power is
tored , all contacts associated with output relays and markers will be of possibly
ulting in incorrect sequencing. When control tasks have to restart automatically after
power failure, the use of battery- backed markers is required. ln the above
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PLC ,there are 64 retentive marker points, which can be programmed as for ordinary
markers, only storing pre - power failure information that is available once the system
is restarted.
In figure 8.3 retentive marker M300 is used to retain data in the event of a power
failure. Once input X400 is closed to operate the M300 marker , M300 latches via it is
associated contact.

X400

X401

MJOO

MJOO

I MJOO

•

Figure 8.3 Retentive marker used in a latch circuit
So even if X400 is opened due to a power failure, the circuit is holds on restart due
to M300 retaining the operated status and placing its associated contacts in the operated
positions.
Obviously X401 still controls the circuit , and if this input is likely to be energized
opened) by a power - failure situation , than a further stage of protection may be used.

8.2-5 Optional functions on auxiliary relays
From the above text it is apparent that auxiliary relays constitute an important facility
m any programmable controller. This is basically due to their ability to control large
umbers of associated contacts and perform as intermediate switching elements in many
different types of control circuit.
In addition , many PLC manufacturers have provided additional , programmable
ctions associated with these auxiliary relays , to further extend their usefulness. A
.ery common example is a 'pulse' function that allows any designated marker to
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produce a fixed - duration pulse at its contacts when operated , rather than the normal d.
c. level change.
This pulse output is irrespective of the duration of relay operation , thus providing a
very useful tool for applications such as program triggering , setting I resetting of timers

and counters etc.

8.2-6 Pulse operation
The programming of this feature

varies between controllers , but the general

procedure is the same , and very straightforward.
A pulse - PLS instruction is programmed onto an auxiliary relay number.
(in the figure 8.4)
This configures the designated relay to output a fixed - duration pulse when
operated. The examples show how the relay may be used to output a pulse for either a
positive or negative going input.
The circuit in figure 9.5 uses a PLS instruction on auxiliary relay 101 to provide a
reset signal for a counter circuit C60. When input O is operated, a pulse is sent to relay
101 , causing its contacts to pulse and reset counter C60. This is used here because
counters and timers often require short duration resetting to allow the restart of the
counting or timing
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~10

I I

I
X10

MB

PLS

Instructions
LD X10
MS~

PLS M 8

___s---1
_J 1-1 -

(Time for one program cycle)

Pulse width

Use as internal program
trigger pulse

(al
X10

Instructions
LOI X10

*

PLS

~

M 8

x10~--

f•

M8

•

I
(Time tor one program cycle!

Pulse width
(b)

Figure 8.4 Pulse function on auxiliary relays (a)rise detection circuit (b) drop detection circuit
XO
I

I

PLS

I M101

M101
AST
C60

X1

OUT
y

C60

Step No.
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Instruction

0
1

LO

2

LO

3
4
5
7
10
11
12

K5

XO
PLS M101
RST C60
LO

-

Auxiliary relay M101

M101
X1

OUT C60
K
5
LD C60

}

Counter C60

Count of five

OUT Y30

END

Figure 8.5 Providing a pulse input to a counter circuit
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8.2- 7 Set and reset
As with pulse - PLS , the ability to SET and RESET an auxiliary relay can often be
produced by using appropriate instructions

_!S

in figure 8.6 These instructions are used

to hold (latch) and reset the operation of the relay coils.
The S - set instruction causes the coil M202 to self - hold. This remains until a reset
(R) instruction is activated.

_J

X401
I
I

H

I

s

X401

M202

M202

R

X402

X 402

_J
M202

(a)
Figure 8.6 (a) set/reset

(b)

Figure 8.6 (b) time chart

8.2-8 Timers
In a large proportion of control applications , there is a requirement for some aspect
of timing control. PCs have software timer facilities that are very simple to program and
use in a variety of situations.
The common method of programming a timer circuit is to specify the interval to be
timed , and the conditions or events that are to start and I or stop the timer function. The
initiating event may be produced by other internal or external signals to the controller.
In this example the timer T450 is totally controlled by a contact related to output Y430.
Thus, T450 begins timing only when Y430 is operated. This is caused by input X400
and not X401. Once activated, the timer will 'time - down' from its preset value - in
this case 3.5 seconds -to zero, and then its associated contacts will operate.

34

As with any other PLC contact, the timer contacts may be used to drive succeeding
stages of ladder circuitry. Here the T450 contact is controlling output Y431. The
enabling path to a timer may also form the 'reset' path , causing the timer to reset to the
preset value whenever the path is opened. This is the case with most small PCs. The
enabling path may contain very involved logic, or only a single contact.
Techniques for programming the preset time value vary little between different
programmable

controllers

,usually requiring the entry of a constant (K) command

followed by the time interval in seconds and tenths of a second. The timers on this
Mitsubishi controller can time from 0.1 - 999.9 s , and can be cascaded to provide
longer intervals if required.

8.2-9 Counters
Whenever the number of process actions or events are significance , they must be
detected and stored in some manner by the controller. Single or small numbers of events
may be remembered by using latched relay circuits , but this is not suitable for larger
event counts. Here programmable counter circuits are desirable , and are available on all
PLCs.
Provided as an internal function , counter circuits are programmed in a similar
manner to the timer circuits covered above , but with the addition of a control path to
signal event counts to the counter block. Most PLC counters work as subtraction or '
down' counters , as the current value is decremented from the programmed set value

8.2-10 Registers
From using a single internal or external relay as a memory device to store a single bit
of information , other PLC facilities allow the storage of several bits of data at one time.
The device used to store the data is termed a register ,and commonly holds 8 or 16
bits of information. Registers can be thought of as arrays of individual bit - stores - in
fact many programmable controllers form the data registers out of groups of auxiliary
marker relays in the figure 8. 7
Registers are very important for handling data that originates from sources than
simple , single switches. Instead of binary data in one - bit- wide form , information in
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a parallel data form may be read into and out of appropriately sized registers. Thus ,
data from devices such as thumbwheel switches , analog - to - digital converters , can
be feed into appropriate PLC registers and used in later operations that will generate
other bit - or byte - wide (8-bit) data to drive switched outputs or digital - to - analog
conversion units.

Internal
relay marker

D

Parallel data

register

On/off: One bit-store

I 1-1

1/0

1

I--+-

I

I

I: Jal 1 11 H 1 H 1 [~:
Array of 8 bit-stores
"" register (8-bit)

(al

I 0-101
Data In

.J

I

1

I ~

-1

0

I --+

_.l

1 t--+

1 -+

O

I 1

---111-

I

>, Out

I

I

t

t
(b)

Figure 8.7 Register storage concept (a) array of bit stores; (b) parallel data
register

8.2-11 Shift registers
A shift register provides a storage area for a sequence of individual data bits that are
offered in series to its input line. The data are moved through the register under control
of a shift or clock line as in the figure 8. 8. The effect of a valid shift pulse is to move all
stored digits one bit further in to the register , entering any new data in to the 'freed'
initial bit positions. Since a shift register will only be a certain size . for example 8 or 16
bits , then any data in the last bit of the register will be shifted out and lost.
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The usefulness of a shift register ( SR) lies in the ability to control other circuits or
devices via associated SR contacts that are affected by the shifting data stream through
the register. That is , as with marker relays , when a marker is ON any associated
contacts are operated.

In programmable controllers , shift registers are commonly formed from groups of
the auxiliary relays. This allocation is done automatically by the user programming
a 'shift - register function', which than reserves the chosen block of relays for that
register and prohibits their use for any other function (including

use as individual

relays).
The example in the figure 8.8 shows a typical circuit for shift register operation on a
Mitsubishi PLC. Here the register is selected by programming
against the auxiliary

in the shift instruction

relay number to be first in the register array - M160. This

instruction causes a block of relays - Ml 60 -16 7 - to be reserved for that shift register.

Note that only the first relay had to be specified , the remainder being implied by the
instructions.
This shows the controlling contacts on the input lines to the register - RESET.
OUTPUT and SHIFT.
All stored bits shift along
when a valid 'shift' pulse occurs
Initial bit position

Data in
For example 0
Common shift

-,_
JL

1
~

(new)

figure 8.8 Shift register operation: (a) before shift; (b) after 1 Shift pulse
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The auxiliary relays can be grouped in blocks of 8 to form 8- or 16-bit shift
registers. This feature is programmed as shown below using M 160-177
internal relays (only M 160 is keyed in, the other bits being transparent).

Shift register program
X412

11

-

- -

- - - -,

RST
M 160

1
)

11

:

[

X410

,

{ M 160

[

I

I

X4 11

II

:!

I

II

:

I

- -

M160

1
1

SFT
M 160 ]

Reset

I

Output

I
I

'
,

- _J

Shift

'--(-::3~-~

II

M161

Output coils
attached to
shift, register
'bits' - shows
contents moving
in register.

Y531
I
I
J

J

t

L----1!

I

l

M167

( Y537

etc.
The shift register contacts perform as follows:
RST - a pulse or closure resets SR contents to 0
OUT - logic level (0 or 1) offered to register on this rung.
SFT - pulse moves contents along one bit at a time (eventually
contents are lost off the final bit memory).

8-bit shift register

X4I10
I

- - -,

X4 1 1
I

I

I
0

SFT

X4 12

1:

I

OUT

RST

,-

N

("')

,::t

c.o
•...

c.o
•...

c.o
•...

c.o
•...

c.o
•...

2

2

2

2

2

LO

c.o
•...

2

c.o
c.o

.-2

r,...
c.o
•...

I

Overflow

2
I

__ ..J

Figure 8.9 Basic shift register circuit shift register Figure 8.10 Equivalent
circuit of a
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Note the M- contacts below the SR circuit that are used to drive output coils (M160
- 167 driving Y530 -537).
It is easier to understand the function of the register if we look at an equivalent
circuit in the figure 9.10. Here we can see the layout of other marker relays following
M160. This helps us to visualize the shifting of data from bit to bit, affecting other parts
of the circuitry as the data (1 or 0) in each bits change.
Shift registers are commonly found as 8 - bit or 16 - bit , and can usually be
cascaded to create larger shift arrays. This allows data to be shifted out of one register
and in to a second register , instead of being lost. Battery - backed markers can be
selected as the register elements if it is necessary to retain register data through a power
failure.

8.3 Arithmetic Instructions
8.3-1 BCD numbering
All internal CPU operations are performed in binary numbers. Since it may be
necessary to deal with decimal inputs and outputs in the outside world , conversion
using binary - coded - decimal (BCD)numbering is provided on most PLCs . BCD
numbering is briefly described in figure 9.11 Readers wanting further information are
referred to the many texts dealing with number systems. When data is already in binary
format , such as analog values , it is placed directly in registers for use by other
instructions.
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(1} BIN (pure binary)

Upper digit

I

!

1
128

1

64

I

I

0
32

1

!

16

I

0

8

128 + 64 + 16 + 2 + 1

•
made up of

x,

X2

X3

X4

X5

X6

X7

I

0
4

1

2

XO

I ,

I

Lower digit

= 211

In the data
8 bits from XO to X7, the number 211 is expressed when XO. X 1.
X4, X6 and X7 are turned on I= 1 in the above figure) and the others are turned off ( = 0 in
the above figure).

(21 BCD (binary-coded decimal)
M113 M112 M111 M110 M107 M106 M105 M104 M103 M102 M101 M100
I
I
I
I
I 0 I 0 I
I
0
0
0
2
4
10
8
20
40
80
800
400
200
1 00

I

[1

"s digit

10s digit

1 OOs digit
(800

+

100)

+ (40 +

20) + 14 + 2 + 1)

= 967

BCDdata is such that each digit of the decimal number is expressed in 4-bit binary. No digit
will exceed 9.
E.g.: If both Ml 03 and M102 are turned on ( = 1 l in the BCDdata shown in the above figure
it will result in an error.

The values of timers or counters may be treated as BCD
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Figure 8.11 (a) Binary and BCD number systems
(b) Timer unit for data operations
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8.3-2 Magnitude comparison
Magnitude comparison instructions are used to compare a digital value read from
e input device or timer , etc., with a second value contained in a destination data
gister. Depending on the instruction - more than, less than, or equal - ,this will result
a further operation when the condition is met. For example, a temperature probe in a
ace returns an analog voltage representing the current internal temperature. This is
nverted in to a digital value by an analog - to - digital converter module on the PC ,
where it is read from input points by a data - transfer instruction and stored in data
register DlO. The process requires that if the temperature is less than 200 C , then the
ocess must halt due to insufficient temperature.
If the temperature is greater than 200 C and less than 250 C , then the process
operates at normal rate. If the temperature is between 250 and 280 C , than baking time
is to be reduced to 3 minutes 25 seconds , and once temperature exceeds 280 C the
process is to be suspended.
This the type of area where magnitude comparison can provide the necessary control,
in conjunction with other circuitry to drive the plant equipment.
Other common applications include the checking of counter and timer values for
action part - way through a counting sequence.

8.3-3 Addition and subtraction instructions
These instructions are used to alter the value of data held in data registers by a
certain amount. This may be used simply to add I subtract an offset to an input value
before it is processed by other instructions. For example , when two different sensors
are passing values to the controller and one sensor signal has to be compared against the
other , but is a fundamentally smaller signal with a narrower output swing. It may be
possible to add an offset to the smaller signal to bring it up near to the level of the larger
one , thus allowing comparison to take place. The alternative would be to use signal
conditioning units to raise the sensor output before the PLC - an expensive option.
Other uses of + and - include the alteration of counter and timer presets by
programmed increments when certain conditions occur.
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9 - LADDER PROGRAM DEVELOPMENT
9.1 Software Design
When ladder programs are being developed to control simple actions or equipment ,
the amount of planning and actual design work for these short programs is minimal ,
mainly because there is no requirement to link with other actions or sections within the
ogram. The ladder networks involved are small enough to be easily understood in
terms of circuit representation and operation. In practice , of course , circuits are not
limited to AND or OR gates, often involving mixed logic functions together with the
many other programmable functions provided by modem programmable controllers.
When larger and more complex control operations have to be performed , it quickly
becomes apparent that an informal and unstructured approach to software design will
only result in programs that are difficult to understand , modify , troubleshoot and
document. The originator of such software may posses an understanding of its
operation , but this knowledge is unlikely to remain after even a short period of time
away from that system.
In terms of design methodology , than , ladder programming is no different from
conventional computer programming. Thus , considerable attention must be given to :

*

Task definition I specification

*

Software design techniques

*

Documentation

*

Program testing

9.1-1 System functions
Most industrial control systems may be considered as a set of functional areas or
blocks , in order to aid the understanding of how the total system operates.
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For example, each machine in

a plant unit can be treated as a separate sub-

process.

Each machine process is then broken down in to blocks that may be described in terms
of basic sequences and operations in the figure 10 .1 illustrates this approach.
A functional block could for example , consist of all actions required to control a
certain machine in the process.

Block 1
Block 2
Block 3

The division of programming tasks in to functional blocks is an important part of
ftware design.
In logic programming , there are two different types of network that may be used to
plement the function of a given block:
•

Interlocks or combinational logic, where the output is purely dependent

on the combination of the inputs at any instant in time.
•

Sequential networks where the output is dependent not only on the actual

inputs but on the sequence of the previous inputs and outputs.
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Figure 9.1 (a) PC system design procedure
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Figure 9.1 (b) Describing the functional structure of a process
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.

Editing and writing code to RAM (compiled
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Figure 9.2 Graphic programming
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9.2 Program Structure
At this stage in the investigation of design techniques, it is appropriate to discuss the
layout and structure of PLC programs. It is sound practice to base any program layout
on the general operating structure of all process - control systems. This means having
definite sections dealing with operating modes , basic functions , process chain or
sequence , signal outputs and status display , as indicated in Table 9 .1.

Table 9.1 Sections of a PLC program
Start
Operating modes and basic functions
starting (basic) position
Enabling I reset conditions
Process operation I sequence logic
Signal outputs
Status I indicator output
Finish

a-

Operating modes

Basic position: The controlled equipment is likely to have a basic or normal position
, for example when all actuators are off and all limit switches are open. All these
elements can be combined logically to signify and initialize a basic position , which
may be programmed as a step in a sequential process.
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Enabling I reset conditions:

Most industrial processes have manual start and stop

controls that may be incorporated in to the PLC program structure at this point. These
would be included as enabling and reset contacts , having overall control of the PLC in
terms of run or stop. There may also be a manual switch to enable the system outputs ,
which would allow the program to run without driving the physical outputs connected to
the PLC a test function.
b-

Process operation I sequence

This is the main topic of this chapter , involving the design and programming of
combinational and sequential networks as necessary. The resultant outputs do not
normally drive actuators directly , but instead are used to operate intermediate marker
relays.
c-

Signal output

Output signals to process actuators are formed by interlocking the resulting operation
sequence outputs (markers) with any enabling conditions that exist in (a) above.
d-

Status I indicator outputs

Process status is often displayed using indicator lambs or alarms, etc. Such elements
programmed in this section of the software.
By adopting this systematic approach to program structure , we can create reliable ,
ily understood software , which will allow rapid fault location and result in short
ess down times. The program that are developed in this chapter deal mainly with
topic of process operation , but will be structured in this manner where possible.

9.3 Further Sequential Control Techniques
In many practical applications , a control system has to deal with a process sequence
requires the concurrent operation and control of more than one step. Also , steps in
sequence may require a time delay or event count as entry criteria for a succeeding
. To describe the different types of parallel operation, we use the conventions
In figure , actions B OR C are taken , depending on the result of test A2. Either
ion will allow entry to action D. In the figure shows the format for a process where
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two actions A AND B are initialized once test A is true; also both tests B AND C must
be true before progression to action D.
The equivalent function chart descriptions are illustrated . The number of parallel
activities may be extended via the branching and converging rails. The chart in figure
shows the tests that allow entry to steps B OR C , and also the individual tests or
conditions that will allow resetting of the chosen step ( test n and m ). Notice the OR
igns at each branch rail.
In figure the AND ing of steps is signified by the double connecting rails after test A
and before test n. This means that all parallel steps (in this case B and C) are set once
state A is active and test A is fulfilled.

9.4 Limitation of Ladder Programming
1 - Ladder programs are ideal for combinational I interlock tasks and simple
sequential tasks.

However, the lack of comment facilities on most small

ogrammers makes interpretation of any program extremely difficult.
2 - When applied to complex sequential tasks , ladder programs become cumber
me , difficult both to design and debug. This is mainly due to having to provide entry
hold and reset elements in every stage to ensure no sequence errors occur.
Several manufacturers are adopting a function block style of programming that
oves most of this complexity. This employs basic programming symbols that are
sely related to the function chart symbols used for program design purposes , as used
· er in this chapter.

9.4-1 Advanced graphic programming languages
The facility for programming using functional blocks is currently available on a few
er programmable controllers , such as those from Siemens and Telemechanique.
·

approach uses graphic blocks to represent sections of circuitry related to a
icular task or part of a process. Each function block is user programmed to contain a
ion of ladder circuitry required to carry out that function. The sequential operation

the control system is obtained by progression from one block to next , where a step is
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ered only if it is entry conditions are fulfilled , in which case it becomes active and
previous step becomes inactive.
Thus , there is no need to reset the previous step - an important advantage over
nventional ladder programming.
To examine or program the contents of each block the user would zoom in on the
lock in question. This windows in on the contents as shown , which are displayed on
e programming panel. The necessary details are then entered in normal ladder format.
Provision for displaying simultaneous sequences is a further important feature of this
ogramming methods , displaying the multi - tasking ability of PLC s in an easy - to ollow manner.

9.4-2 Workstations
The traditional tool for programming PLC s is the small , hand - held panel which
can provide only limited monitoring and editing facilities. Most manufacturers are now
ing personal computers as workstations on larger programmable controllers , in order
o fully exploit these features , and those of graphic function blocks.

10-CHOOSING INSTALLATION AND COMMISSIONING OF
PLC SYSTEM
10.1 Feasibility Study
Under certain circumstances an initial feasibility study may be suggested or
warranted , prior to any decision on what solution will be adopted for a particular task.
The feasibility study may be carried out either by in - house experts or by external
consultants. Often an independent specialist is preferred , having few or no ties to
specific vendor equipment.
The scope of such a study can vary enormously , from simply stating the feasibility
of the proposal , through to a comprehensive case analysis with complete equipment
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recommendations.

Typically , though , a feasibility study of this nature encompasses

several 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
result of areas ( b) and ( c) are available ,with estimated castings, and direct I indirect
benefits being considered. Area ( b ) is detailed in the following sections , with
background information for area ( a ) usually being compiled through liaison with
company personnel. The achievement of a complete technical proposal requires us to
know what the present and future company needs are in terms of plant automation and
desired information systems.
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.

10.2 Design Procedure for PLC Systems
Because the programmable controller is based on standard modules, the majority of
hardware and software design and implementation can be carried out independently of,
ut 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
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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.

10.2-1 Choosing a programmable controller
There is a massive range of PLC systems available today, with new additions or
replacement continually being produced with enhanced features of one, type or another.
Manufacturers quickly adopt advances in technology in order to improve the
performance and market status of their products. However, irrespective of make, the
majority of PLC s in each size range is very similar in terms of their control facilities.
Where significant differences are to be found is in the programming methods and
languages, together with differing standards of manufacturer support and backup. This
latter point is often overlooked when choosing a suitable make of controller, but the
value of good, reliable manufacturers assistance cannot be overstated, both for present
and future control needs.

10.2-2 Size and type of PLC system
This may be decided in conjunction with the choice of manufacturer, on the basis
that more than one make of machine can satisfy a particular application, but with the
vast choice of equipment now available, the customer can usually obtain similar
systems from several original equipment manufacturers (OEMs). Where the
specification requires certain types of function or input I output, it can result in one
system from a single manufacturer standing out as far superior 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;
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•

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.

10.2-3 I IO requirements
The TI O sections of a PLC system must be able to contain sufficient modules to
onnect 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 0, or remote I I 0, or any other special

facility;
•

Future needs of the plant in terms of both expansion potential and

installed spare I I O points;
•

Power supply requirements of I I O points - is an on - board PSU needed

to drive any transducer or actuators?
In certain cases there may be a need for signal conditioning modules to be included
the system , with obvious space demands on the main or remote racks. When the
_ stem is to be installed over a wide area, the use of a remote or decentralized form of I
0 working can give significant economies in cabling the sensors and actuators to the
C.

10.2-4 Memory and programming requirements
Depending on the type of programmable controller being considered, the system
ory may be implemented on the same card as the CPU, or alternatively on
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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
UOpoints.r.equir.ed in the system. The other factor that affects the amount ofmemory
required is of course the control program that - is · to be· installed. The -exact size of any
program cannot he 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
instructionsferreading 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 ofthe 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
before and after. the system is installed. RAM. contents are made semi permanent by the
provision of battery -backingon

their power supply. RAM must always he used for II

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 /programmer to alter thestored cock The use ofEPROMS is

ideal where identical programmable controllers running the .same control several
machines.
However, until a program has been a fully developed and tested, RAM storage

uld be used.
As mentioned in earlier chapters, microcomputers

are commonly used as program

elopment stations. The large amount of RAlvr and disk storage space provided in
e machines allows the development and storage of many PLC programs, including

lated text and documentation. Programs can be transferred between the
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UE.siy;J N"f
microcomputer and the target PLC for testing and alteration. EPROM programming can
also often be carried out via the microcomputer.

Input/output memory

+

Control program memory

+

Special function tables

+

Space for changes and

future expansion
(a)

(t})

Figure 10.1 (a}PLC memory requirements for different tasks.

(b) Custom EPROM programmer for a Mitsubishi F series PLC

10.2-5 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
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handling, special functions and communications. Larger programmable controllers tend
to have more powerful instructions than smaller ones in these areas, but careful scrutiny
of small I medium machines can often reveal the capability to perform specific

functions at surprisingly good levels of performance.
In modular programmable controllers there may be a choice of CPU card, offering
different levels of pe-rformancein terms of speed and fuactieaality. As the number of I I
0 and function cards increases, the demands on the CPU also increase, since there are
greater numbers of signals to process each cycle. This may require the use of a faster
CPU 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
be carried out independently;

10.3 Installation
The hardware installation consists of building. up to necessary racks and cubicles,
then installing .and connecting the cabling.
The cabinet that contains the programmable controller and associated sub - racks
see figure 10.2) must be adequate for the intended environment, as regards security
safety 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 ear thing the cubicle body.
For maintenance purposes, there must be easy access to the PLC racks for card
inspection, changing etc. Main on I off and status indicators can be built in to the
cabinet doors, and glass or Perspex windows fitted to allow visual checking of card
status or relay I contactor operation.
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Figure 10.2 Complete PLC installation and cabinet
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10.4 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 wire-d to the correct I I O points. In a conventional control system
buzzing out the connections with suitable continuity test instruments would do this.
With a programmable,

however, the programming panel may be used to monitor the

status of inputs points directly - this is long before the control software is installed,
which will only be done after all hardware testing is satisfactorily completed. Before
any hardware testing is started, a thorough test of all mains voltages, ear thing, etc.,
must be carried out.
With the programmer attached to the PLC, input points are monitored as the related
transducer is operated, checking that the correct signal is received by the PLC. The
same technique is used to test the various function cards installed in the system. For
example,

altering

can check analog

inputs the analog

signal and observing

a

corresponding change in the data stored in the memory table.
In turn , the output devices can be forced by instructions from the programming
panel , 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

configuring by software before they can be operated, and are preferably tested once the
control software has been installed.
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Some programmable

controllers contain in - built diagnostic routines that can be

used to check out the installed cards, giving error codes on a VDU or integral display
screen. These diagnostics are run by commands from the programming panel, or from
within a control program once the system is fully operational.

10.4-1 Software testing and simulation
The preceding sections have outlined the various stages in hardware design and
implementation. Over the same period of time, the software to control the target process
is developed, in parallel, for the chosen PLC system. These program modules Oshould
be tested and proved individually wherever possible, before being linked together to
make up the complete applications program. It is highly desirable that any faults 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
running in the host PLC.
Virtually all-programmable controllers, irrespective of size, contain elementary
software - checking facilities. Typically these can scan through an installed program to
check for incorrect labels. Double output coils etc. Listings of all I I O points used,
counter I timer settings and other information is also provided. The resulting
information is available on the programmer screen or as a printout in the figure 10.3.
However, this form of testing is only of limited value, since there is no facility to check
the operation of the resident program.
In terms of time and cost economies, an ideal method for testing-program modules is
to reproduce the control cycle by simulation, since this activity can be carried out in the
design workshop without having the actually connect up to the physical process.
Simulation of the process is done in a number of ways, depending on the size of process
involved.
When the system is relatively small with only a handful of TIO channels, it is often
possible to adequately simulate the process by using sets of switches connected up to
the PLC as inputs, with outputs represented by connecting arrays of small lambs or
relays in the figure 10.4. This allows inputs to he offered to a test - bed controller
containing software under test, checking the action of the control program by noting the
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peration and sequence of the output lambs or relays. By operating the input switches in
specific sequences, it is possible to test sequence routines within a program. Where fast
response times are involved, the tester should use the programming panel to force larger
time intervals into the timers concerned, allowing that part of the circuit to be tested by
the manual switch method.
Most l J O modules have LED .indicators that show the status of the channels. These
can be used instead of additional test actuators where digital outputs are concerned.
Analog inputs can be simulated in part by using potential dividers suitably connected to
the input channel, and corresponding

analog outputs connected

either to variable

devices such as small motors or to a moving coi1 meter configured to measure vo1tage

or current. Standard sets of input switches and output actuators are normally available
from PLC manufacturers.
When the system is larger with input I output channels and longer, more complex
programs, the simple form of simulation described above becomes inadequate. Many
larger PLC systems are fitted an integral simulation

unit that reads and writes

information directly into the I I O memory, removing the need to connect external
switches, etc. The simulator is controlled from an associated terminal, which can force
changes in input status and record all changes in output status as the program runs, for
later scrutiny by the test team.
The program monitoring facility provided with most programming terminals should
be used in virtually all these proceedings, since it allows the dynamic checking of all
elements in the program including preset and remaining values as the program cycles.
In the figure 10.5 illustrates a monitoring display with status information shown on the
bottom of the screen.
It is important to realize that the display on the programmer does not up date as
rapidly as the control program is executing, due to the delays in transmitting the data
across to the terminal.
Contacts and other elements that are operated for only a few scans are unlikely to
affect the display, but since a human observer could not detect this fast a change, this is
not a significant disadvantage. To display all changes, the PLC should be run in single
step mode.
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The monitor display shows a select portion of the ladder program, using standard
symbols to depict contacts, output and present functions. All elements within the
display are dynamically monitored, indicating their status as shown in the figure 10.6
Display f printout
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0
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cOfr-esponding Input,
Contact
When the

E3: The counter or shift resister is used
without the RST.
E4: The timer or counter is used
without the constant K.
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...•..... 1 •

for t.he C
H flot ..•

......... 0
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for the coH
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Figure 10.3 PLC printout of 1/0 static diagnostics information
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Figure 10.4 Process simulation using switches and Iambs
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Figure 10.6 Symbols displayed in monitor mode

10.4-2lnstatling 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
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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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-o-l -<>-i

END

-(END)-

;;

MEND
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Compare Byte Greater nan Or
Equal Conact

Dacrip&ioa f/1 optradN:

The C~
latcp Equal Coracs. is clOICd when
!he sipcd ia&ep \\S ,'Ihle saon:d 1t address 111
is ••• to lhc sipcd intqp:rword'* SIOn:d at
adclress nl . AJm!r fkffl'S duaqi:l 1llc CDlll:ld

s,..c

'*"

n1

--f>=Br-

dmed.

n2

Compare lntepr Greater Than Or

Eqaal Contact
al. n2 cunsip:dbftc):

VB. IB.QB.

MB. SMB. AC.
CClllllllllto

-VO.

•AC

n1

---i>•!t-n2

Deialpdewtl~
TIie CCllllplle Byte Gra&er 1ban or Equal Contacl
is c:kml wbel lbc i,_.te YliDc srlRd at adlkas nl
is .-:, 11m or eqml to lt.o b_t,1e ,-alue --=cl at
3dcml n2 . ,-.. lbn thnJaah tJle CQIUCt when

VW. T. C. IW. QW. MW.
SMW. AC. AJ.W. Constun.
*VD. •AC

dam

Datit,*w ti ON1lidlll:

C...pare Byte Less Tiaan Or
EqulC•tact

The Cmnpue hllep Oma Than or ~
COIIIICt is dal:d wllln die sia-1 ialapr' \\'ORI

..a

,"idlle lllRd a alilras •• is ll'CIICr dllUl or cqlDl

S,-.1:

10die sipal UIIIF

n1

---+=·s\-n2
nJ. DZ (umignod b)lC);

'WIid ,'llae

a

lddl'ell

112. Pnerflon dnap die adlet •'ben clolcd.

Ona,-re lateaer Lea Tllan Or
Eqaal Ceatact
va IB. QB.

SJ91W:

M8.SM8.AC.

Coaam.. -vn

•AC

n1

--f<=It-112

nam,...fl~
lk C~
S,.1e Las Thlll OI' Equal COIIIICl is
dcmt \\ilcn die .,,11 value SlaRd a& address al i$
Im dma or eqml 1o die ~,c ,._ Slon:d at
address n2 . Pol\u tlcm'I throap lbc a.ma whca
dmcd.

---·
--i--rf--

Ope111M11;

n l. n2 (siped

meacr- \\onb:

V\V. T. C. IW. QW. MW.
SMW. AC. AJW. Coaslllnt
•VD. •AC

C•pare Integer Equal Cea1ad

•...•.

The COlllpll'e l*8l'f Les 1'llllll ar Equal Coatad
is doml nm lllc sipcdi-.,WORI ,'Ihle and
at ~
al ii 11:15 dlll or Cllpl to die signed
iDll:F 11111d \._
_..
• lddlllS 112 . Po\\cr
fton thraup dw: CIIIIIICl w!lell damd.

n1

n2

al.112 tsipcd i111e1cnudl

VW. T.C.IW. QW.

MW.SMW.AC.
AIW. Conam.

-VIX •AC
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Equal

Campare Double Integer

Caatact

The Compuc Double lmqcr Less Than Or Equal
Cont:ICI is closed when the double word \--alue
stored :i& llddn:ss n l is less than or cquai to lhc
double word value stored lit addrcu al . Power
flows through the CODlact 'l\"bcn closed.

~:
n1

-+-orn2

Compare Real Equal Contact

Opa'Mds:

Nale: CPU 2 l 4 on~v.
VD. ID.QD.
MD,SMD. AC.

DI. n2 (signed
illcpr' dcubie word):

HC.Constant.

-vn •AC

•• riptioll

Symool:
n1

----i••Rt-n2

« o,eratioll:

Operuds:

TIie Coarpen, Double lncqer Equal Coniact is
dolled what the double word value ston:d ll1
ldllrcss Dl is equal to the cbliJle 'lftlfd value sund
• lddr= a2 . Power flows tluougb the CXllllaCt
wbmclosed.

Compare Double Integer Greater
Than Or Equal Contact
s,.llol:
n1

nl.

112

(rc:u):

VD. ID, QD. MD. SMD. AC.
HC, Comlant. -vn •AC

The Couq:mc Real Equal Contact is closed when
lhe n::al ~
stomi Ill ~
nl is ccpl.l to tile
.n::ll value *1n:d at addlm n2 . Powel' flows
throu&h the coal8d when cloecd.

CQmpare Real Greater Than Or
Equal Contact

--i>•Dt-nZ

Ntllc: CP(.' 214 Olt~V-

nl.

lll

(aiped

illllep double word):

VD, ID, QD, MD. SMD.AC
HC, Comwrt, •VD, • AC

Dacrtpuea al operaliea:
CCJ1111311e

Double lmqcr

Gl'Clla'

Tban Or Equal

COIIIICt is closed wbcu the cblble word value
SIClred :st addreM o l is gn:aacr lllan or ~
to &he
double ward value SIOred at addias n2 . l"tm-er

Opmmdl:
al, 112 (Dv.'Otd):

VD. 10. QD, MD. SMD. AC.
HC. COOSUUlt •VD. •AC

Oowl IJu'Ou&h lhc COll1IM.'t when dosed.

Compare Doable Integer Less
Tun Or Equal Contact
nf

---i<=Dr-

Compare Ra1 Gtala" Than Or Equal Contx1 is
closed when me tal value ~
at ~
nl is
gn::11er dum or ~
to tbc real value s&ored at
lddlas nl . ~
llcnn tbrougb tbe CCdaa when
closed

nZ
Operuds:
n I. n2 ( siped
ilUep' doable "'Ord):

VD,ID.QO.
MD.SMD.AC.

HC.Comtm1.
•VD. •AC
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Compare Real

Less Than

Or

Equal Contact
.'Vee: C'P(.": J J

Negative Transition Contact
Syal>ol:

Otll\:.

S~bol:
n1

--i<.. Rt-°

Dacripoae of openuos:
The~
Transition Conga a!l0\\'5 power to

n2

now for one scm. for each oa-tD4 tr.ans:ition .

Ladder Contact Eumples
111.

al (Dword)·

VD. ID. QD •.MD.
SMD. AC. HC. Consaun.

{~1

WNn I0.1 « ICJ..311 on Ind I0.211 on OWi

-vo. •AC

CIUlplll: QQ.1

,a llsnm

an.

Dacriptioa al openwoa:

The Couqme R.e:ll Less T1mi Or E"'8I Coouia is
c:losl:d what the ral value SIORd II llddr= nl is
less than or equal co die RBI value SIOred at address
Al . ~
flows duaap die COlltDCt when doaec1

Invert Power Flow Contact

(rtOIW)

VS2,

~0.3

>•St----{..

)

vea

Dacriptioe "'operadocl:

The NOT (lnven Power Flow) conract c:nan,cs the
Saale of pc,M%' flow. If pDMI' flow radla the Not

,~..

1

wi.i

va-~

\188, •••.• ~

Q0.4 ia lllmm all

(Nt*: TfleNOT,.......c:mroe
1.-cfto~•N«Eqwl~.1

COllltltt. tJla it su,pl. 'Nia power Dow d:ICS not

rmd1 the NO( comact. ii sowa:s power- ftow.

Positive Transition Contact

(,.....s

Syuol:

---, er-

wt.I I0.1 Rlllilimllflam OIi ia olf.
CllllpllQD.S ii UMd an b._.. qcla.
WtWI IEl.1 ...._
fflllll oft lo QII,
.., QCUS la IIMd on fllr one 1C911.

..,

(nuM_J

Dacriptic,9 of epcrablll:

The Positive Transition Contact aliows power
flow tor one scan. for e:ich o«-co-on tr.msitioo

10
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Hip Speed Counter

Ladder

Hip-speed

Opentioo

Instruction Eumples

S)'MOl:

!Netwott 1
-EN

On the first scan. lhe counter is enabled.
Initial direction is set to count up.
start and reset inputs are set to active
high. 4x mode is set.

SMO .1

-1N

MDV B
EN

-

IM

OU'l

I

I

N (wold):

l6tF8-

CPU 212: 0
CPU 214: 0-2

lll1ll7
EH

Dacriftiem al_ ••••.
1-

Wbcn the Hip-speed COUIIICr (HSC) bo."< is
Cilllll6cd.
5111c of tie HSC special memory bits

mt

are e:xamioccl The HSC apenllian defined by tbe
special. mcnay bits is then iJMJked. The

!Netwartt 2

par.amew N specifies the ffillHpeed CWDter
llllRlb!:r .,

Pulse Output

IO .

Whet'l 10.2 is on, the current value of
HSC1 Is deared and Its preset value
ii sat to 50.

.

t

I

S,.W:

HSC

n- MOD!

MDV l1lf
r.a

o- IN

-!.N

,av

-·

OUT'"' SHD48
Dill

-t~

~a- r?f

OIJT

SK052

BBC

QO.x(,word):

CPU 214: 0-1

EN

Daaifdei fl. W:lmlill.

The Pulse Oalpat (PLS) box e:aariaes the spcci:,.l
1DC1D01Y bits tor tbll plllst OUlpul (~.'.'C). The palse
opmaiao dmiDl:d by the special memory bits is

1- N

tlieainvoml
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Real-timt

lnstnaction

Clock

I

!Networtt 5

Eumples

'Mletl 10.4 is on, the new year

value is~

to the dock.

When 10.0 is on, the dock IS
read Ind 1ht value is stored in
the buffer, saarttng at VB400.
VB400 '"1T

'"

I:""-""'
jNetwortte

I

VS4001T

!NetMn2

l

When I0.1 is on, the yur
value (95) from the fnt byte
of V8400 Is mov.cS to ACO .

End of the matn user program.

BCD to Integer

J«W_I

EN

VB400'"'1IN

!Netwont 3

I

oor t"'"'ACO

IN

When I0.2 is on, the year
value in ACO Is illl2'MMllh!d
by 1.

Otrr

Opes-*
lN (word):

VW. T. C. IW, QW, MW. SMW.

OOT(word):

VW. T. C, lW. QW. MW. SMW.
AC.
•AC

DIC If

EN
P.CO -1 IN

AC. AfW. ConstlDL -vn •AC

-vn

OUT 1-ACO

Dacripdla ".,....:

!Network 4

I

When 10.3 is on, the new year
value (96) is SIOllld in W400 •

H0.3
I I

The Convert BCD 10 IJIICF (BCD_I) box coaverts
tbc BCD value (IN) to III i111eF value <OUI'). If
die inpll value caallills an ilMlid BCD disit, the
BCDIBlN memory bit (SM1.6) is set.

, ••
A.CO -1IN

OUT t-'18400
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Integer to BCD

Truncate

S~wbol:

,'Yak: CPF HJ only,·.

EN
IN

OUT
IN

(N (word):

OUT

VW. T. C. fW. QW. MW,
SMW. AC. AIW. Conmm.

Opet'ucls:

-vn •Ac

IN (Dwml):

VW. T. C. IW. QW. MW.
SMW. AC, -VO. •AC

our <Dlwrd):

VD. ID. QD. MD. SMD. AC. HC.
Comlaul. •VD. • AC

•AC

Dau lpdN ~ o,el'lliun:

The COII.Yert lllleger 10 BCD Cl_BCD) bcr.\ a>nvens

VD. ID. QD. MD. SMD. A.C. -vn

DacrtpdN ti ape ••••

the intqcr va1llc (IN) 10 the BCD value (ot.m. It
tbe COU\'aslOll produces :i BCD number grater
t!ma 9999, the BC003IN memory bit (SM1.6) is
let.

The Tnmcau: (TRUNC) iDllnattioa CD&¥enS a 32·
bit real IIIUDbct (IN) iDlo a 32-lit signed iDlql:r
(000. Ody die whale llldJer portion of the rca.1
IIIUllbc:r ii <:OIM:Z1C'4 (l'OUlld-to-zaoJ.

Inteaer Doable Word to Real

Decode

"-: CPU 114 ~'-

SyllW:
EN

Dl
£N
IN

IN

OU'l'

OUT
IN (byte):

VB.

m.

QB. MB.

SMB. AC.

Coamni, •VD. • AC
IN (Dwotd):

VD. ID. QO, MD. SMD,
AC. HC, COIIIIIRl. •vo. • AC

oor <Dwanr>:

VD. ID.~- MD, SMD. AC.

OUT(wonl):

VW. T. C. TW, QW. MW. SMW.
AC. AQW, -vo, •AC

•VD. •AC

The lntqer Ihmle Word to Real (DI_ REAL)
iastnl:tion COJMr'IS 4 32-bil signed intc:ger (IN)
illD :i 32~ real nmnber (C>Un.

The l)cQ)de CDECOl bo., sets the mt in the CUJIUl
word (OOT) thll coucspimcls lO the bit lllllllbcr
1tpe.emcd ~ me Jeat-signifkant nMle (LSN) of
tile Ulplll byte (IN) .. All athcr bits r:A the OUlpul
word aiuet loo.
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Encode

ASCII to Hex

S,-.bol:

Synlbol:

£N

EN
IN

IN

OUT

LEN

OUT

Opamdl.
VB.
IN (word):

OUT(~1C)

m.

QB. MB. SMB. AC.

•vo. • AC

V\V. T. C. IW. QW. MW.
S}.(\\l'.AC.AI\V.Consant..

COIISIIUIL

•vo.•AC

VB. JB. QB. MB. SMB.

VB. IB. QB. MB, SMB. AC.
•VD. *AC

VB. IB. QB. MB. SMB. •VD. • AC

Daul,cioe ~ wndnm1
The Em>de (ENC()) box wri1a tile bit IIBlber (bit
#) ol die lalt-sipific:alC bil SCI of llle iapat word
(IN) imo the lellt-sipib,t Dibble lLSN) of the
Olllpa 11'.vte (OUT).

-vn • AC

Dacria,dolt., •• --.:
1'be ASClI to HEX (ATII) box a,m,ens the ASCII
slriq ~ 1c:qdl LEN. SlaltiDg with the cbmcter
IN, 10 llewlrcimal digjls SWUJI& at lhc locl1ion
001'. 1'be rnuimum lmgda d: tlle ASCII llrinl is
233~

Segment

Lepl ASCD dm4del5 an dlle be.,adrrhul vaJues
30-39. ud 41...&6. If aa illcp1 ASCII dmader is

S,-al:

a.cw m ed, die cmw:moa is terairwu::d
NOT _ASCll memory llit (SMl. 7) is ses.

and

the

Hex to ASCII
S,-llol:
IN

OUT

EN

Q9aadl;

IN
LEN

VB. 18. QB. MB. SMB.
AC. Com&aL

OUT~):

OU'I'

-vo, •Ac

VB. IB. QB. MB. SMB. AC.

-vo, •Ac

LEN (byte):

VB. 1B. QB. MB.. SMB. AC
COIIIIUl. •vo. • AC

IN (byse}:

VB. IB. QB. MB. SMB. •VO. • AC

OUTl~):

VB.18. QB. MB. SMB. •vo. •AC

Dauiipd11ilelOte11D111:

Tbc Scpncnl (SEG) box pe,11e1 a bit paaem
(001') that iDwariasa die .:pm11 of a $C\"Ca_.,..
display. The Dbmrinelrd tqlDCD&1
,qiracnt die c:harader in lbc lml-sipi6::;1Dl cl&il
oCtk input byte (IN).

Dtlcripdell 11 .,....:

The HEX to ASCil (KTA) bo.x

COll\ats

tbc

~

dips. 9IAN1ll "ilh the UIJIUl ~
[N,
to an ASCII SU'ia& stUd.a& a& the IOQ&ion OUT.

lbc namber of hc.,cuamal dip ID be convened
is spccifie4 ~ lcqJh LEN. The maxilamn number
of the ~mal
digits lhal CIUI be COR\lfflCd is
2.5.5.
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Ladder Conversion

lutnctioll

INIMOlt 4

Eumples

I

'Mien 13.3 iS on, a bl p11em
• generlllld at QBO that
ltlnllates the segmel1IS of the
d\lrld8I' repiesented by \4M8.

!Network 1

j

When 13.0 is on, lie Binary
Coded Oecinm Wllul ii \/NO
is COflYlttld D an IIIIQel'
vmue.

VB48-1IN

VW0-1IN

,~

2

I

INetwortl s

OUTt-VWO

I

OUTt-QBO

End ot tt1e mtin user DIOal'ilT\.

~)

'Mlerl 13.111 on. 31s deCOdld
and ltll conwpondilQ bl of

VMOiuet.

HSC Defiaition
I3.l
I

IEN

EN
3 -1IN

OUTt-Vl40
HSC

-

MJDE

INMli 3

l

'Mlell 13.2 , on, "'
~

ASCl*il;

sta,1ilg wll lhe charac:ler
It VB30 Is conwrted to

HSC~):

CPU212:0
CPU 214: 0.2

MODE~):

CPU lll:

tadn1III dlgils stlf1i1g

atW40.
I3.2
I

I
I tN

1!I

I

Dacripdlll
al •••••
Wben die Higb-5pecd Cmmta Oeaniliol (HDEF}
bo.l is Cllllled.. tbe tclaCDODd COUlda' <HSC) is

I/B3CHIN
3-1L&N

I

o

CPU 21-': O (HSCO), 0-l l (HSCl·ll

OUT,-.VB40

11Ppcd a IU&b-tp:ed a,umer r.n,e ar MODE.
~ oae HDEf tlDI 1111Y be Ullll per t'OlldCr.
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Set Real Time Clock

Read Real Time Clock
iV11',: Rl!al 'Tim~ Clud: insirucuoes
~l' riM

<1l'C

s"pport,ul

CPC: 21~ only

Srmbol:

Rwzi nmc Clod lnsrructi1J11S ar« swppvrfllli
b.•· 1M CPL" J /.J OtT~II.
NOlll:

Symbol:

JIU.D MC
--1EN

-

T

Operuds:
VB, IB, QB. MB. SMB. •VD.
*AC

Dacripdoa of operadM:

Dacripdon ti opcntio.:

The ~
Real Time Clock CREAD_RTC) bex
lads tbe CUlfflll time and from the dock, and
lGlds it in an~
ba6r:r(1).
luaple MeaoryDita Stard111 at~:
95
03
24

V8402
VB403

08

VB404 I 00
'

VB40!5 !
VB406 ~
VB407 ~

- oo

I

Second

V5402

~o.y

VB403

i

08

I

VB404 \

00

I Minute

VB405 1
VB406 \

00

j S.C:Ond

00

\

VB-407 ;

06

i 0ay ofV\CNk

Hour

24-Mar-98

NQ!e:

ot day dock initializes the roUowin& date

Dale:
Tune:
DayolWeek

I Yw

~Month

8:00:00
Fridrf

Nece:
and time after ~
bas bcc:n lost:

96

V15401

0.VofWNk

24-Mllr-95
8:00:00
Fnday
The time

The Set Real TIIDe Clock (SET _RTC) box writes
the ~
time and dase laeded in an ~
buffer
(T} ro the clcck.
l,..,.ple Memory Data StartiDc at VJUOO:
SET_RTC (New vatue ii written to clod()
VB400 j

R!AD_RTC (Cb:lc is rad)
VB400 t
VB401

VB. IB. QB. MB. SMB. •VD. • AC

T (byte):

power OIIUlFS or mc:mocy

The time~ d.1:y dock initializes the folknrin& d;ue
and time after eacnded pnwer outages or mcmon,·
bas be= loisl:

Ol·JID-90
00:00:00
Sadly

Dale:

Ol·Jmi·90

Time:

00:00:00
Sunday

Day of Week

N..:

Nw:

Do oot llSII: tbc REAO_RTC I S£T_RTC
inslnx:tions in both the llllin pn,gram ad in :in
inccmapl routine. If Y011 do this md the clock
UISlnJCUOll ii em:uting wla tile the illlemlpl tha
3ito ~
the dock immaction oa:urs.. then the
clock imuuction ui tbe inlemlpl fOlltine is not
~
SM-U is men tet. indiclling th.at two
stmu.ltmr:ous3CCCS&CS IO the dock "Rl1:

-...-.f

Do

DOI

wie the

READ_RTC

I

SET_RTC

insuuctiom in both the min pn,sram and. in 311
intatupt rou11ne. If you (l, this and the dock
insauction is e.ucming ,vben tbt: the i!RmJpl tNU
also =."ICQdeS the clock iDstnlctioll oc:aan. then the
clock insuuction in the incerruc:,c routine is not
e.~

SM-U is thm

Kl.

illdirnliq that lWQ
:wempaed.

simultaaeous accesses to the clock ,~
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Invert Word

Ladder

Syml,ol:

Examples

EN

DV

IN

-

1'

Operations

Logical

I

lNetwortt 1

EvetY scan, ANO VW100 and VW200
toglllher 111d sorw lhe rem1 in
Also, OR VW300 111d VW40D together
and store ttle resul In~.

wnoo.

O\TI'
SM).0

...,_,,

EN

IN (word):

VW, T. C. IW. QW. MW.
SMW. AC. AJW. Coast1111.
~.•AC

VWlOO

INl

vr.:oo

IN2
EN__

VW. T. C. IW. QW. MW.

OOT(wordl:

:3

~c.. •'lt) .• ,..c

.O.ripdlll fl ••

iidoli:

The IlM!fl w.d (!NV_W) bctt Uillia die oms
..-em all.be inpllt wont value (INl and lolds
1k ..at iD a ward ,'Ihle (OUT}.

OUT t- Vll~OO
.•

IMl
1~

OUT l-vwsoo

i)Q

Invert Doable Word

!Network 2

I

'Ml8II 10.0 II on, "XOR· AC1 and ACD
togelher 111d 1&1Dr91he f'ISUI In ACO .

S,-.il:

IN

r

OUT

EN_,._,,

O. 0

!Nl

ACO

IH2 OUT t- ACO

When to.1 trM9IUOnS from off to on,
inVeft ACO (ones complemenl) n1 110r8

!Networt3
1N(OM>Rl1:

ACl

VD. ID. QD. MD. SMD. AC.

lllnACO.

HC. Ccml3nl. -VO. •AC

~--~

OUT (I)wold):

\ID.ID.~. MD. SMD. AC.
•VD. •AC

TIie bM:lt Damllc W<ld (INV_l)W) box ma die
4 of tllC inpat dDlblc word \'llae
(IN) ad lolds the ••••• in • doable Wald YIJte
(000.

<11111 a!111pi

!Nelwafk •

I

End ot ma1n user propn.
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Network Read

---t(ENt)

5,-INII:
EN
TABLE

PORT
1k Enable Intmups (ENI) coil globally enables

pn,cessing of all anartm intesmol C\'CDU.

Disable Interrupts
s,.bol:

--(prsi}

TABLE:

VB. MB, -VO. • AC

.PORT:

t:omram.
(CPU?U: 0)

The Nelwoik Rcacl {NETR) iDsUuction ini.tiatcs 3
oommuaicatioa operadon to pdla' data from :a
aatrindaa:
Tbe Disable lmerrups (D[SI) coil g1obaUy disables
pnxeaiaa of all UimUfJt e\'alts.

Return from latemipts
Symbol:

n:DlmC de\icc tbmagb. the ,pcified part (PORT}.
as def'med in die ck:so:iptiol'l tai* (TABLE).
You caa UIC lbc NETR insuuc1ion IO mid up to 16
bjtcs of~
flam a remolC Slation. and USC
the NETW illsttaaion to fflilc up to 16 bytes of
iDtbnnation to a temOtC llllion. A maximum of
ei&ht NEm and NETW instructions may tie
adi\lated at any <JDe: time. For c.'alDlple. you ~

haw blr NETR and four NETW iDsttac:tions. or
two NETR. and si.-< NETW UIStlllaions.

Tbe Conditional Return fmm lnWrupls (RETl)
coil n:tums from an illlmupL based UJ)Qll the
c:ondition al the prccediag logk;.
The Ul1COllditiaaal Raum from lntarupts (RETl)
toil mu&t be used to laminate each intemqX
RJUCine.
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Network Write

Data

.'Vt*: CPt' 11.J 00(1:.

Events

Slaaring with l•terrupt

Bee: :-11e iWIUpl a'IJIU me A.''DCJuuoous 10 che
main IIRl'-PftJIIW.. ~- Ci111 OCC11r at ~- JJOU11
dlllmg C'Fl'OMioa ~ tbe maiJl DSer-pogrmL Wbcn
the mill pn,aam. illld aa inl~
ltlUIUle sbllrc
diR:a. YOI& _.
undemaad tile DDlure of I.be
prubleaas tbat am arise and 11ow to a\-oid sucn
problems.

TABL£

PORT
Oa&a-shlriJI& probiaas can occur in situation
\met'e a · si:qucnce of opetatOIS iR performed in

TABLE:

VB. MB. •VD. • AC

PORT:

Coamnt

lbc main pn,scam oa d:Wa stOftd in a ~IOClbGA skual b!,· lhc main progr;uR and an
intffnlpl routine. If all iatcnncdialc ~
is stored
ia lb£ sba&al mcami~ kx:alioll. Ihm an iatcnupr
a-eM oc:carriDg bdoR tbc P'qllCIICe is complete
will cause die intatupt rouune ra be e.iecutcd "1th
im;J)id d3l.:l. or it \\1U c:orrup :an intennediatc
\.UUC ia the lll.lUl prop:mL

rCPU 21-t 0)

DecripdN of eper:dioo:
The Nawort Write fNET\V) imlnlctioa initiales a
CWllltlUDicauoa operiltiQn Lo wriic data lo a raDOlC
de\ice llnougb. die sprified pan (PORT}. as
defined in the deicription 1ai* (TABLE).

The Sltllalioas described 3bovc apply wbclher _you
"Tile ~
prov.ms ia STL or LAI>. If }"OU "'Tite
your prop:uas in LAD. you sbauJd :dso be ;m-are
lltll many LAD iaslnattions produce a scqucocc ot·
STL iastraaioas. If the LAD iOSlrudioa as local&:d
in me. main progamn :md is opc:ratillg on da1.I

Ya. an use the NETR iaslnlction to n::Jd up to 16
~
of infilnllation from a ~
st.alion. :111d 1151!
tile NETW instruction to write up to 16 ~Us of
iaronnalion to a ttmo1t stllion. A ma.'UJDUlll of
C1P1
NETR ud NE1W im1nJClions ~
be
actn'aled at ~· one time. For c:gmplc. ~'OIi CUI
lm-e four J'l."ETR :md four !'t"ET\V iasbuctions. or
l\\'O NF.TR

S&Orcd in a SMmd memory klCltion. an inlcnupt

~-em ca occur belffllm 1be ~1uoa

of the STL

1nstrut:uoas.. aJlcring illlCOIICdiate ,.iJucs and
making it ~
lhll the LAD imtruaioa
e:m::ulCd i~.
For &ccbaiquts to ~,-oid
i-dlieub u-idl data sbariag. sec J!tpp;anmin;

and six NE1Vi i..stauClious.

Jjg,oifltetlq[Paa Shpripg ·
Procramming Tedmiques for Data
Sharing

Transmit
SnahcJI:

The folkming prograunill&

ICdUliqucs ~d

be

folb\-ed to :n-oid problems \\idl d:m1 sharing
bct\\1:CD ~-our mam -progr.am and iurcmapt reuunes,
Tbcsc tedmiqucs ei&hcr res1ria the way :acccs.s is
m:ade 10 sbared memory location$.. or rtic,· make
instJIIWOJJ
sequences usmg sh:lred monor~·

loc:uions
unintcmlplible. The ~le
teehnique depenck upon the size of I.be d:u:a bong
shan:d (simple dcmcals sucb as a ~1C. word. or
doubftM, oni variable or complex dc:n-..aus such ~s
multiple ,-arlables> 311d the progr:unming bnguagc
(S'IL or LADi.

l

Opcr.utd.-r.
TABLE 1~1c1:

vu ra. QB. MB. ~"'MB. -vu

K>RT 1~1e1.

0

•AC

f
,

De9cripriea fl6 o,rr.diuA:
The Trmsmit (~'MT) bo.'I im·okcs the mmsmissaon
uf cht dat.1 hllfer <T.~BLEI The first cntl} in lhc
Ja1:1 buffer lilJCCifiC';i lhc 1111mbcr or ~1cs to be
u:msmittcd PORT specifics the commumc:u1on
port 10 be used IOI' I~
It IDUSl a.ln~-s be

I

"·

r

'

1
9

If the shared dat.l is o1 single~- \\"Ord. or doubk?noni ,.ui:lbJc and your progr.am is wriuen in STL.
1bcn in:ikc sure that imcrmaiia&c or l.:iuporary
,-alucs .uc: not. .stcl\:d in shared naemor\ loc:uioos.
A slwed loc:irioa shouJd be xccsscd in t~ m:un
~
onJ~· :&.-. the initial source ,111uc or the fin:il
descin:11ion value in a scaucacc of oocrations
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U'lllc sllll'cd dl&a is a silpe • Rd. or cbib6e1Wd \1riallleal Y• Jnlllll is ~Tium ii LAD.
Ila xcea sllnt lllCIIIY lol.1lials mils a Mcwe
illnl:lioa. If die ruin IIOPllll pcdrms • or
Cf!ti:lba on II dlla
paided by u
•••
IIIIIIUle. di: Mo¥e imlnaicll be
ml IO DIM the dla Q fm tie ared
mmy 1ocmiDa IO I IIIIHIMd 111C1111Y laclllioR
• IO • am1111ul111«. If Iha Ilia PfClllWR

l•

ped'onm aac ar men ••••••

Iaterrapt Event Priority Table

-..y

•-=rma

If die slani dlra is a,q,oaed " rdm1 ~
or cbiblMiads ._ ._ - ~
ilr mmple. le pl'Can lllli ffl"IICIMute ri a Ill
ii a •
11m die m11:ffi11t dilltlltJalbie
--DISl 11d ENI. - be aed lG COlllvl
IIQlds.

*

•••
(MiMI Prierity)
Rilill ._ IO.Gt•

*

...,laiam.

o

2

l

Risili

10.2

~

2

10.3

6

3

Rilml*

FalJil& edit. ».o-

I

+

flim&cdle.10.J
Fallilg edp. 10.2

3
5

3

F.W. ••. WJ

7

7

HSCO CV-PVM

12

o

13

&

1~
1,
16

9
10
11

HSCZ cim:aioa ilpll allllld
17
HSC2 melDll ract
JI
Pl.SO .,._ COUil complete 19

12
13
14

Pl.SI pulse

I5

(Clmllt Wllllf •

pm,, WIIIC)

HSCl CV-PV
HSCJ e1t11111h•

lillc - -Cllllllt e..:lle ad

o

RisiJI&• IO.I

.._.. 11111D1Y localas • to bqia. i11m1f15
• be dilllled. 0a Ill lCUOll 6:rilg smd
••••
t'lllllpllD.
imcmps - be re-

••••••

C'PtJ 21
y
y

-.
-Cll'OPCim Al.
pailt in ~
lllia 11'11111 (ffl. II' LAD) wtm ¥iMiJlls cm

--

fed it

Piiny

I

(am.I MW • pratt ....,)
HSCl ch:lioa ilpldlapd

r.u. die

s.,,..,

E\'ent G,_,

aa dlla ia oar

a Vllae 10 U i*""ll Nllile. tbca die
Ila aperlliaa w be a Mlr.-e illlraclicM tllll
-. Ille dlla \'Ille bm •.,.,.,,,..,.or...,.
ilnl
lclCllioa 10 1M imd llmlly
kalial. Oilier mll1Elicili ii • ~
•••
&Maedmaylacalion.
ID~

Cllblal.
•••••••••

••

••• ,.Dact,dH
(By P'IIIP prierlly)

HSCl CV-PV
(Clfflllt \WW •

••••

pn,,t

a11111

Y

Y

6
y

Wllw)

m:aplae 20

~

r...a-.o

Timi (IANa Prilrky)
Timl.,.1

•~
<'l-- (MFIMH . #MW
. S
.

10

0

11

l

y

~..a.- ... ~i..
i...11•.•••••••••
llllllilliillll

bada ammil 1111 m:ci\'em • - pdorit:r.
•11 MIi l? (HSCO CV-PY) is airadlell 10 an
m11111,dim milla MIit O 111r CW'* l caa be
..WIO ilei •••• Lmile, if eilw MIil O or
I ii IUll:lle&l to • •••••• dlel c-. U amat
be ll&IClled ID II imnlpt.
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Lidder hltemapt I Commaiatioa
lnstnctioa Eumpla
lNetwcn 1

I

0n III raa scan. crMle a
the !Sm to be
b•lllllilt9d. Select freeport
maCII. 9IIOO blull. no PlrilY,
a bis per dNlilcter. SMB30 1s
poilllr

'°

~)

the freeport conlrof byte.

tNllwurit 5

I

9eg1n ...._

!Nltwolt e

I

Compn nte:llved cn.racter' 1n S1*i*

routine o

.

I u,.,,,-,.

9MI. l

I

,V1200,IJf
----1111

.._.
OU'f

100

6

,-inr

ffllfflOIY b,19 8MB2wllh Cilplll lelllr A•
If chlt'lc1er Is "A", Q0.1 luet.
O

OUT 1'-91130

1.0

s)

Qiii# 2 !

o.o

l

~

SMU n boll\
on. • m 1111191 m the bufflr
(poillld ID ~ VD'IOO) II
traim MM $MU Is on when
tJle llllllffllllr II idle.

l

IMMl'I IO.O Ind

I

SKt.~

I

aa
EN•

*VDlOO!'fABL!

-

6 ~PORT

INerMxt

a

I

Aslli,t receiVe lflllmlpt IYlft
a ID lr1len\clt IOUllrll 0, and
-tlle routine.

HorizomlLiDa

~---In--.
In --

•••

All lines ill

•••••
All

I

IMiiimllll •••••

win:a

mtwodt ••• be <DIIDCIOd to Yllid

lileblQlb 11111111111 •

1

in a cail or a box.

Vertical Liaes
SHO,l

-----EN
OjINT
8 "1EVIH'l'

ID lldder IGaic. wrlic:II Ima ~
pllllld

C01MICdml •

...,_
All fila

ia

a

AD ldMlrils -

wims

tmcllcs.

JICtWlllk" -

be OIIIIDKlof

10

ftlid

lereliw ill a mil o, a box.

----iJJtI)
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AND Word

IN l and 1N2. and 1oClds the rcsull cOUT) in a

cbblc l\vrd.

Sylal,ol:

Note:
Wbal INl

•

:it CXJT and INl 11 OUT:
If IN2 and OUT are ciin,ct-addrcs,cd openiods.
and if OUT a,mmas one of lhe brtes ol IN2.

•

then the iutrucpon is im-.lid.
If IN2 is ail iadin:a address and OUT is t1
clin:ct addn:SI conmlniq 0111: ot the ~
of

INl
IN2

OUT

the indim:t Ndral

pain&er. then the

iDlffllCtion it imalid.

INl. IN2 (word):

VW. T. C. IW. QW. MW.
SMW. AC. AlW. Constant.

-vn •Ac
OUTCword):

OR Word
S,-NI:

VW. T. C. JW. QW. MW,

EN

SMW. AC. •VD. •AC
Dacripaam "'ependoa:

INl

The AND Word (WAND_W) bo:'t ANDs the
conaponding bits of tbc inpn l\lllds IN l w1 INl,
ud lOlds \lie mull (OUT) in a word.

IN2

Neice:

..

•

If 1N2 ad arr an: direct..addressed GpmDds.
and if OUT C0111aim one of the byllel of IN2.
lben lbc imlJuaioa is im-alid.
If IN2 ia m indim:t addlm 11811 our is a
cirec:t addras oweaintag one d. tbc bytes ~
tbe bdftlcr addras poinler. men the
illllbUction is iJl\'llid.

AND Double Word

,,

OUT

IN l. IN2 (word):

VW, T, C. IW. QW. MW. SMW.
AC. AIW. CODSlallt.. -vn •Ac

OUf(word):

VW, T. C. IW. QW. MW. SMW.
AC. •VD. •AC

Wla INl • OUT and IN2 :1: 01.IT:
•

-

The OR

Word tWat_W) bQ.'{ 0Rs the
axacap,ad •• bitsoftbe iDpl1 words INl and IN2.
and lmds tbe rau1t (<Xn') in a~

SJ11bei:

NOCI::

When INl ~ OlTr and INl ~ OUT:
•

INl
IN:?

•
OUT

lfIN2 aact our are~

operands.

and if OlIT cmc,i,. one ot tbc ~- of IN2.
lbcn the insttaclion is ill\..uct.
If 00 is an indiRICI addlas and OUT is a
dina addlllS CODCPrinl one at die byca of
the indifflcl address poialer, lDCD lbc
illlUIIClioR is uwalid.

lNl. lN2 ~:

VD. ID. QD. MD. SMD. AC.
HC.

OUT (.Dword):

COIIICallt.

•vo. •Ac

VD, ID. QD. MD. SMD. AC.

•VD. •AC
DelcriptlM al ope. atiu..:

The AND Doable Word (WAND OW) bcl't ANDs
the com:sponding bits of the cblbAe WOids
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OR Doable Word

Delaipdiii •••••.••••

s,...e:
EN

1be ~
<Jl Word (WXCll_W) tm X0Rs
lbe coa,tip)"'tinc bis or die iDpal words IHI ud
IN2. and laldl Ille rauk (OUT) iD a wont

-a,
-

Note:

INl
IN2

OUT

Openads:
!NL JN2 (Dwonl):

VD. ID.

(J).

MD. SMD. AC.,

HC. CODIIIDI t\'D. •AC
OOT(Owmd):

VD. ID, CJ). MD. SMD,

AC.

'VD. 'AC

our

When INI •
ad JN2 • OOT:
• l!IN2 llld OUl' ll'C cllect-.ddna:d Gpallllk.
u11 if oor C11111a111 om or 111e ~- ct IN2.
a.a CM i11tra1:1iDa is iJMlid.
• 1f IN2 is m iaiinx.1 addml ad Oln' is I
dincl addlm CDlllli11D11 • m die
ti
•• ildfta lddsas pailller. ••
••••
is i1Miic1

i,,-*

XOR Doable Word

s,.,,.t

Dwrhidli..,1-,el'ldlm:

at,

ne CR Double Weld (WOA._DW) box
die
cca ••• -1. bMs of die •
dlllble wdl INI
ud .IN2.. ••••
1M n:mll (00T) UI I cbllllc
Mid.

nu
IM2

Nm:
Wlm1Nl ;t00f aad.lN2•00T;
• lflN2 •• 00! lllci.chiddleswJ ~
a if' our cam.ill • o1111e • of oo.
- die UIIIIIIC.1ioa iiiMlid.
, If IN2 is • illlncuddrea 1111 00T is a

<lmcl addlm • 1 .. ,.
die ildR&:l .-..
ilallNcliDll is imlid.

••••.

a{ 1111 bytes ct
•••

di,:

s,...

XOR Ward

INJ, INl(l)waRO:

VD, ID, QD, MD, SMD, IC.. HC.
CVR Fl, •VD. •AC

001' (Dwanl):

VD, ID, QO. MD, SY>, AC, •VD.
•AC.

(OUT) ii I dallllil 'IIIUld.

EH

nn
Of/f

o,cr..m:
nu. oo \\IIOld):

o,e. •·

The E:a:llllire Cll Dulle Word (WX(lt_OW)
D X<Jls die a:.1ap.ai. bill ol Ule illmt
dDubll wards JNI am lN2. md lmcll the nail

aca_l'

INZ

Wt

Nole:
Wlea IHI• all' ml 00" our:
• Iroo a1 cxrr •• cillc:t-Ml*cued OJICl1IJICk.
md ii 00T eDllli8I cm ot me bylCI o1 lN2.
da tile Ullbcdoa is i8\lalid.
• JI JN2 ii • iadimt •••
- OUT is I
cm:a ..._ oa-fwhill •
1111: ~ oC
the ildinQ ••••
IIJUl!IU. 1111n die
iml11IClioa is ilMlid.

m

VW, T, C. lW, (111. MW.

SMW.AC,AIW.C--.

-vo.•AC
001' C1"11d):

VW. T. C. IW. (1f/. MW.
SMW. AC. 'VD, •AI:
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!Netwont 3

When Q.1 is on, the Pulse

Trail Oulput conlrOI b)1le is
set up. and lie PTO openiion
i.s iMIUd: eyde time S()Orns,
pulse count 4, PLS O ~ QO.O .

lbe Auach ~

(ATCHl ~

associmr:s an

C\-ent (EVENT} with u iDlernlp( l'OUline

~

IIWllber ( INT). ilDd cmblc:s the iJJlemlpl evesu,

Detach Interrupts

s,....i:
EN

-

EVENT

soe -1!!!,__,,Q,

SMW68

<>,eraadl:
CPU 212: O. l. S-10. 12
CPU 214: 0-20

EVENT (byte):

The De:lach Ink:mqxs <DTCH) box dmmociarr:s

aa imenupl cw.m (EVENT) from all iaiertlJlll
roaams. and dillhk::s the imerrupt ~-

Interrupt Routine
S,-.l:
End of 1he mail

u&8f IIOOI am.

~END)

Attach Interrupa
a(word):

Symbol:

De,crifdem ti

CPU 212: 0-31
CPU 214: 0..127
w.nDllll!

EN

nae 1nu:rnq,1 Roulinc (CNn label mms the
b:giDaing ~ the

INT

illlC:rrllp( nJUUDC (11).

The

ma.uamm awnbcr ot imcmlpls supponcd ~ the
CPU 212 is 32. and by the CPU 214. 121.

EVENT

Openadl:
INT~):

CPU 212: 0.31
CPU 21-': 0-127

EVENT (~1C):

CPU 21.2: o. 1. 8-10, 12
CPUlU: 0-20
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The Add Double .llllep (ADO_Dll bo." adds two
32-at il&cpn (INl. IN2t and pnxlac:es a 32-at
l'mllt (OlTn. • is sbowtl ia the cqmuoa:
rNI + 00 • OU!
INl
IN2

o.....-

OUT

lNl. IN2 (word):

VW. T. C. lW. cyN. MW.
SMW. AC, AJ.W. CORlllnl

•vo.•Ac

•..•. .,.•.•..
Cl.Tr (-.mi):

V'N,T.C.I\V.Q9i.~.
SMW. AC. •w. •AC

~
Wla INJ ~ OUT and IN2 • OUT:
• Itoo uit our m:cm:ct__.cwed aperaads.
1111d ii OUT COlllllilll me of die ~
of 1N2..
da •••••••••
is iavalid.
• If IN2 ii •• iadirst llldlm ud our is a
diJect iddral OMlliaM41 GDe of die b!,'leS o(
die indilld lddlea paiaeer. lben 1he
UIIIJIClioil is innlid.

Add.Res)
fl-.:

CPt.: JU OIU)I•

TIie Add .••••. (ADD_l) llox adlts 1110 l'-al
iJllelm (DIil. 00). m pladllces I 16-bil leSlllt
(Clll').. • is •••• ia die eqlllliaa:

BN

INI + INl • OUT

nn

Nett:

IN2

OUT

w.
•

INt •our.a IN2 • our:
If JN2 mi OOT • dku:Hdilcwl

.IDD_a

w our camiu

.t
•

<1111 r1111c ~

Gpmlldl.
o1 IN2.

- die iallm:lim ii inllid.
If 00 ii III mdina acknu and 00T is a
4nlCl dell ooewnmaoac ~ die byllS of
the idea
addnm poiala'. dlcn cbc
UIIIIUClimi ii invllid.

Add Deable lntepr

INl, lNl (l)word):

VD. ID, QD. MD, SMD. AC. HC.
Const111. •vo. •AC

our CI>audl:

VD. ID. 00. SMD. AC., •VD. • AC

.....,...ol,1e1111m:
The Add Rad (ADD_R) box IClds tM> 32-ot re:i.t
1lllmbm (INl. INl). m pmika I 32~ tmi
IUlllber' n:lllt (00T). • is •••• ia tllr: GqUlbOll:

S,-.1:
a.m>_Dr
EN

INl + INl •OU'I'

INl

Naee:
WIICD INl • our and 1N2 • OUT:

I.N2

OUT

lNl, IN2 (I)wonl):

•

VD. D>. fl'). MD. SMD. AC.
RC. Consaam. -VO. •AC

our (l)wonl>:

•

If 00 aad air ac ~"'idda
It openmds.
am if M' CXIIIUlils omc the ~
1Nl.
tbm die imuucliaa ii in¥alid.
IC INl ii aa indba:l ..._
ml <XJT is a
dina. ldmm CDNlinfa& one ~ me ~,es ot
t11ie illlira:t ldlllas pone. tbca me
UlllnledoD ii hn1did.

or

m

VD, ID. QD. MD. SMD. AC.
-VO. •AC
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ti----=

S.btract lnteaff

Dea, •••

s,.w:

The Sublml:t DOllblc haleaa' (SlJB_Dl) box
Sllblracu rwo 32« i*FS (INL IN!). and
prodlfll:a i 32-1* rault (Olm. a is .,.,.,. ill Ille
~

amr_.r
IN

INl - IN?• OUT

INl
IN2

~

OUT

Whm INl •

•
lNI. JNl (Mll'd)

VW. T. C. IW. QW. MW.
SMW. AC. AIW. Coamm.

•

•VD. •AC

our (won1l:

VW. T. C. IW. (IN, MW.
SMW. AC.

•vo. •AC.

Daaipdle,,, tplladlll:
TIie 5*IICI 1-.:, (SUB _I) bor lllbU'&1s two
l~ illegir:n (1N l, 00). aad pnldlces I l<Mit
_. (<Xm .• ii sllowa ill die eqllllioo:
INI - IN2 • OUT
Naee:

w.

INI • arr uc1 oo • our:
• Jf lN2 ••• OlJT IR cinQ,dili CII C 1 apcr8II.
• if our mmill5 me ot lbc ti,a ot oo.
- •• ilmucliDD ii ilMtid.
• If IN2 ii• iDllillct addlm ad Ol,'1' ii a
dincl ldlllell «1flihi1• oac ol dlie ~ of
Ille ildiltcl lddl'm paimcr. die
imlnl:lioe is iffllid.

cxn' .-d 00 • our:

1flN2 and OUT are dna....dchwd oper:iads.
ad ii CIJT IDlllim oae al Ille ~- m IN2.
Illar tbe i.Mici&a ii ilMtid.
If 00 is a mdJecl addts ancl OUT II a
cbl:t ldmllll CNP-,,;,. cm al die IJ!,us of
a. iDdrecl ••••• IJIIU*r. Ila Ille
iaaa:tina is iliVllid.

Sabtnct Real
~

CPU :!J.I DIiiy.

SH

.._.

IHl
IN2 00'1'

Oper•u·
INJ. INl (Dwrd):

VD. ID. QD. MD. SMD. AC. HC.
CODlllllt. •VD. • AC

S.btract Doable Integer

00T (Dward):

VD. ID. QD. SMD. AC. '"ID. 'AC

Sf'IINI:

•••••
., •• Idle:
The s.r.ci Ral (SUB_R> bax affilCU
al ....._ (INl, 00). aml ~
real ••••• nail (OUI). • is ~

..-:

~M
!N

INl
IM~

"'°

Jl-bit

a 32-bit
in tile

JNl -00 =- 00T
OUT

Nale:

INI, IN1 ([)word):

VD. JO. CJ). MD, SMD.
AC.. HC. CoMIM. •VO. •AC

our (O.'Ofd):

VD, ID. QO. MD. SMO. AC.
•VD. •AC

oor

our.
m

WJ:a IN 1 lllll IN2 •
• ICINl ami OOT n dim:Hddrallllloperld.
and if 00T Cllllllills one die ~ ol lN2.
Ila !he UlltlUt1ioB is nmlid.
• Ir IN2 is llll inlircCl llddrcll and arr is a
~
addlal c:onttini•& one of tile bytes <i
tbe ildin:U ••••
IJOU*r· lllCD the
illSlnlCDOll is 18\11lid.
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Ladder Timer I Coater Eumples
INcntort I

I

I

L__.SJi1Jj 5

lcu

Wben 10.0 is aa u.n die
limer will 11111. Mtf:t 3 1CICClldl

(30 X 100.J n7 Ii& will
came a

10,p

!Newt ,

INcMrt.2

I

era

Wllel n.r

.

!Nenm:7

QO,O

Wba

co raches ill pracS. 11111 aa cyi.2 .

Q0.2

~-tI

)1 •••••

JnlllL. llnl CllQ>.O

I

1

( )

I

Endar111c •• ., pqna

( )

~"I

I

~)
jNecwoltJ

I

Wla SMJ.3 o -. dac:t
,.._ .5 IIC. • 1111 .5 sec.
al) ii Of. Illa tk 1illcr

I

nc ,.,

will lime.
llil'111 cxme
• ak 6 IIIXlldL

r·l J:-1
T5

I

,~~

1

W1an.r,1m111iu
prmt.lllll•QO.l.

t1•sI
!Nenats

QO.l

( )

1 e,-.s.e.,<lsdact
,.,

dleGlllllrllillalllll

plialld •• • dlrCO 1*
wlra a CDIII"10 is ftldlai.

19.0 ,-

•ama:
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Move Byte

Meve Deuble Word
S)WII:

.,.,_.
IN

MW 1111
-

-EN

EN

OUTI-

-4IN

OUT

Opaua:
VB. m. QB. MB. SMB.
AC. Caas1111t. •VD. •AC

[N~):

C>Ur<b,te):

VB. IB. QB. MB. 5MB. A£.

.....,..,,_ .•..

•VO.•AC

'Ile Move 8ylc (}tl)V_B) box 1911\U the inpll
byte (IN) IO die 011J111 byte {OUT). The ilplt b,\,'te
is lGl dmldb, 1111 nM.

VD. ID. QD. MD, SMD. AC.. HC.
Cammt. •VD. •AC. .tVB. clJB.
~
&MB. ctT. 4C

JN(Dward):

our (Dwonl):

VD. ID. CJ). MD. SMD. AC. •VD.
•AC

DIK,qidlo

fl

opalllil&:

The MM .Dolble WOid (MOV J>W} tR'I ID'IS
the mpll cblble want (IN) 10 die OlllpJl dodJie
wont (001'). nc • dDllille won1 is IIGl ._
by la 1111\'e.

MeveWord

MO\'e Real

s,..w:

~

CPL' 114 Otl/y.

.,._.

EN

JOr_Jl
EN

IN

OUT
IN

IN(word):

Ollr(WOl'd):

VW. T. C, IW, QW. MW,
SMW. AC.. AJW. C0111111t.
•VD. •AC

OU!

o,cr.11:
IN (DwanO:

VW. T. C. IW. QW. MW.
SMW. AC. NJW, *Vil •AC

VD, ID. CJ). MD. SMD, AC. HC.
COIISIIDL•VD.•AC
VD. D>, ~. MD. SMD. A£. •VO.

•AC
Dau .•••• fle,esllaia:

TIie t.b'1 Wont ~-W) box DIMS me inpl(
"1lld (IN) IO die Ollpll -,al (am. TIie iapu1
•••• is aat lilmed by tbt DM.

The ~ R.al (.WOV _l) Im 1111't"CS a 32-al 1ml
Ulplll dDablc erd (IN) IO dll: Ollllll cbllJlc \\llld
(OU'J).,.. •••••
'MIRl ii lGl :abll'ld b.v Ille
IIIOYe.
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Block Move Bytf

Swap

s,.w:

S)'llht:

--ri
Uo,e. •••.

o,e.,ud:t:
VB. .18, QB. MB. SMB ~.
*AC
YB. lB. (8J. MB. 5MB. *VD.
*A.C
VB. lB. QB. MB. 5MB.
1£. c-.
-VO. *AC

IN~):

our~,:
N (bitle);

._.._..._

If 011e1 tin:

'l1lo 8-* MIM ~ (BLKMOV_B) box 1D1M11
die ••••. cl~ specified (N). lnlll die may 9lldiDC It IN, to the oa11111 anay IWlilg at
oor. Nmar-.<Sl 102'5.

IN'(word):

The

VW, T, C. IW. QW. MW. SMW.
AC. '*VD. *AC

s...., B)1e ••• .,., h

~ widl the (IN).

• die --tilllificaat
;pifk:es bye <I tbc ward

Sllift Ript Word

........••_.,

S,-1111:

Block Move Word
IN

5,-..1:

N

00T

_,,
t:
IN (lWQld):
O,ea
IN

N (byle):
N

OIi?

our (WQld):

••••
1N (WOid):

V'N.T.C.rN.(2\\'.)11(\V.
SMW. AIW. *VO. •11:,

VW,T,C.rN,QVi.)il'N,
SMW, A<11', *W. *AC.
N (byte}:

VB. 1B. CJ5. MB. 5MB.
AC.c ••••. •VD.•AC

VW, T, C. lW, QW, MW, SMW.
AC., AIW. Coma• 'VD, •AC
VB, IB. QB. MB. SMB. AC.
COMlllll. -VO, *AC
VW. T. C, IW, QW, MW. SMW,
AC. •VI>, *AC

.....•.... - •. --=

1\e M lick Weld (SHl_ W) IDt sbifts tbe
want vaa.. (JN} ript bf die .a Cllllllt (N). Joldl die IIIUll iD 1M Ollq,ul •••• (001').
SMI.O (mol
• l if OUT• 0
SMl.1 Covdow)
• l iflll& \it 9lilatOIII

•O
Ntec:
W..JN•(JJ"f:

Tbe .Bloct Mlwe Want (BLD,l)V_B) Im IIID''fS
die -al' Wllldl lpll:iftal (N). ,_ die •
11111 SIIIIUI& a IN. IO die o.lpll llmf ~
at
OUT. N•a~al'l
1t255.

•

If N ..a oor 11e cira:l-addreac:d ,.._,

•

ad ii OUf CClllins N. tla 11M: imUlclioa is
ill\-alid.
If N is a illdlftO lddlas llll (XJT is I dim:l
lddl9 o 11iel11 • of aie byles cl 1lle
iDlilect ••••• p:allr, dlell tM illllncDaa Is
iDllid.

•

If 'N •• <lFt' IR mllllllCl addlm pm*'5
ancl. paiJes1M cqlllt, da Ille illfnldion
i5iDYllid.
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s.ift Left word

Shift Left Double Word

-

SG DII
EN

IN
N

IN

OUT

N

IN (word):

VW, T. C. lW. QW. MW.
SMW. AC. AJW. Cooaaat
*VO. *AC

N (lrtftJ:

VB. 1B. ~ MB. SMB.

OUT

IN (I)wonl):

VD. ID. QD. MD. SMD. AC. HC.
Camaaat. •\'D. • AC

Nt~):

VB. IB. QB. MB. SMB. AC.
COlllanl •VD. •AC

AC. Comra *VD. •AC

oor (word):

VW, T. C. IW. QW. MW.
SMW. AC. •VD,• AC

DeaipdN ".l'lml!
The Sliift Left Word (SHI. W) Im sbiftl the word
la (IN} left by me slltft CCIII (N). ancl loadl the
lallt iD lheoa&pll WORl(OOT).
SMl.O (zcm)
$Ml.I (cwerftow)

so

our tDword):

•vo.

O.rifdliaolopealdoa:
The Sid Left Doable Word CSHL _ DW) bo:t sbifts
tk tlll* MIil \W (IN) left ~ die id COUD&
tNl. and loadl llle n:su11 in ~ <lllpll cbiJlc m
(001).

SMI.O (mo)

l if WT• o
• J if last lit shiltat WI
•

Nile:
Whal IN • OOT:
• lfNandOOI'•~~
a11 ii our comim N. tbm u. iDID1l:lim is
m'llid.
• If N is an indirc:ct addras ad 00T is a dil9t't
llddraa c:omainiJI& - ol the ~- " tlle
idr&'t •••• poimcr, dial die illlblctiCII is
iJMlid.
• If N and M 1R iJdn:ct address pointers
11d tbll paidm are flllll, rMD de ilsn'uclDl
isilmlid.

VD. ID, QD. MD. SMD. AC.

•AC

SM.l.l (O\"elflot.v)

•
•

1 if OIJT = O
l if llsl

mt sbiftm GIil

=O
Nale:
Whel IN• Otrr:
• If N 111d our ue dim:t-tddresad opa.mds.
ad if our C111111m1 N, Ila 1k iDlttuctiGn is
•

UMlid.
lf N ii aa indim:t lddraa 11d 001' is a cireCl
adllRII -.;DUii one ol the t,yca rl the

iDCtilect addlal p&ialer. Ihm tbl imDatticm is
hr.'ltid.
• If N and 00T III ildiJm addrm poiJ1la'5
IDd lbe painlm m eqaal, da the i•mrtir111
isimlid.
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Shift Rigllt Doublt Word

._,.

S,-1:

Rotate Right Word

,.._

S)'llhl:
EN

a_•

N

IN
N
N

CUT

OUT

IN (word):

IN(Dwont):

HC, C11111131. •VD. • AC
N~):

CGIISIIII.

AC. COIIStllll. -VO. *AC

OOT(word):
VD. JD. ~. MD. SMD. AC.
t\10, •Ar.

-..- ••..•.

•vo. •AC

VW. T. C. IW, QW. M\V. SMW.
AC. -vn *AC

el ••••
The Raflle Rigllt Word (mt_ W) lm zoc.m llle
word Vlhll (IN) right by die dift aiu• (N). and
lcllds 111e JS11 in me 0111p1t 1lad ((l11l
SMI.O (mo)
al if OOI' a O
SMI. l (overfbr) • 1 if Ilsa lit ratlmd • o
DaaipGiii

~

.a.

The Slift Ripl Dolblc Word (SHR _DW) box
- die cblllle
(IN) ripl ~ the slaift
camr (N). 111d •• me rc111t m die ••• cbible

ward(OUT).
SMJ.O(z:ro)
SMJ.l fCM:dlowl

tVD. •Ac

VB. 1B. QB. MB. SMB. AC.

VB. 1B. QB, MB. SMB.

oor to..«d):

VW, Tt C. IW. QW, MW. SMW.

AC. AIW. c~

VD. ID.~. MD. SMD. AC.

:. J ifOO!'=O
• I if 1asa bit sbi8ed oat

•U

• If N 111d our. are mrca411imcd aimllld.,,
ad if oor a>Uim N, t.bm imlmaion is
iavalid.

*

• lf N is an induect adricll illl OUT is a diRC.1
addlm c:onrahiq oae m die ~ <I the

N.-:
WhmlN~oor:

• If N Dd OUT z dircct-admasm opr.lllllk.

• if our aiamm N. 11a 111e ima1laim is

IJl\1lid.
• JfN is an llliRa dal ad

"*

When IN• OUT:

oor is i meet

addra awamiag • rL tbr bJ(cs ot tile
illlra ••• piatr. dim die illnl:lian is
iffltid.
• ff N aad Olli are illilfd ullm pci8S
Dd die paiDlm -!hen. iasuDaioo
is invalid.

mm:t lmlm paiDl&r. dim Ule mmctioD is
im.lid.
• If N aal oor :ae iDdim:t addrm paillm
and die paimcn ll'C •• dlen the imtmctioa
is ilvalid
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Shift Register Bit

l\1ove I Shift

I Rotate

I

Fill

Examples
INct\\'ork l

tN

When 10.0 and 10. 1 are on men
mtNfl ~t,:)I) JD AL;U, ana

swap

the most signiftcan1 byte (MSB)

DJU'A

of

vwo wtlh tne LSB or vwo.

S_BlT
IO. 0

KN•

IO • •1

t--1

N

!ff

I

Operuds:
VB50- IN

DATA.S_BIT(bit):
N ~it):

LQ.M.~l T.C. V

00'1'

·ACO

.flm'
!N

VB, IB. QB. MB. SMB. AC.
Comaaw. •VD. •AC

Delcripdellol

vwo- IH

~=

The Shift RcgisKr BU (SHRB> iDsttudioa shifts
tbc \1lhx of DATA iaao lbc sbi.ll rqislcr. S_BlT
sp:cifia the le:Jst-sipiflc:aat bit of the shift

When 102 is on then move
VB20-VB23 toVB1OO-VB103 .

.iqislcr. N spcc:ifics the lenllh of the shift rqjsaer
of the shift (shift plus • N. shift

UMi the dircctian
au.nus• -N).

ro.2

FUIMemory

EN

S,-ol:

V820-!IN

-·
OUTl--vuoo

4~N

EN
IN

!Network 3
N

OUT

I0.3

VW. T. C. IW. QW. MW.
SMW, AIW. Conmnt. -vn

•AC
OUT("udl:

V\V. T. C. IW. QW. MW.
SMW. Al)_W, •VD. • AC

N1~1el:

VB. 18, QB. Ma SMB. AC.
ConstuL
AC

When 10.3 is on then fill
VW200-VW21S with O's.

rn.r._.-

0~::
lO~ N

OUT t-VW200

•vo. •

Dacrtpcl• ef opcndetl:
The F"ill Memory Box (Fll.L_N) fills tbe ~starting II the Oldpul word (Olm \\1lh tile word
input pa&l&Tll (IN> b the llllllber ol "'-ords
specified by N. N has a r.lDge of 1 to 255.
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io., is on, then the word
vllut in ACO ts rotlled 1¥11
twice and Slonld in AO>. Ind
the wmd vlfue in \NQ!JO is
Shifted 11ft 3 ttmes and stonld
inVW200.

J When

Output

n

--()

111:ia_r
!N

o !hill:

I, Q. M. SM. T. C. V

ACO-,!N

2-h,

Ot1l' t-Aco

SB_s

Dneripdla" epcradlll:
AA
c:ail is turned an and tbe Bu SlOR:d ill
*'-•is !Cl to I wk:n power flows 10 !AC coil

0.,.

-----f!N

A nepted OUlplll can be cftlllld by PICIII a tlQl:
(hnut Power Her.·> aJIIIICt bcftNoe an ouq,ua coil.

'JW200jIN

OtJTt-JWZOO

J~N

Outp•t Immediate Coil
Sylllllel:

I

Upon IVef)'

o 1o 1 trMSitian o1

I0.5. Ille value of IO.e is 5"ffled

into tile shitt register ~
at V100.0 Ind " length .•.

n

___.(I)
OperMdl:

....•..
Q

D (Ilic):

~

AD 0..- IJIHD"diate Coil ii blmal oa :md \!le Bil
It OUlpsl addrm • is al IO J wbca power Ocml to
VlOO. 01s_BIT

4-IN

the CQil. An.-

oldield*eae~imll "'lilllr

wtpll Bil ad also tbe COINipiMOIIC ~
outp!l Bit OCQU5 iWJeiPM t, after tbe coil is

aaed widloat Wlliting far an

c::,ae mnplctioo.

Set
lNatwork6

Main end of the user prog,am.

S)'IUIII:
S BIT

~)

-{s)
N

S_BIT (bit>:
N (~tt):

I. Q, M. SM. T. C. V
IB. QB. MB. SMB.
•vo. • AC

VB. AC.

COIISlalll..

The Set Coil ,m the nsage al pomu saarting
S_BIT.for the Dmaber of poinls specified by N

.11
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Set Immediate Coil

Ladder Output Coil Eumples

s~..,:
S &IT

--{~_r)

!Netwont 1

N

} When 10.0 is on, then output Q0.1 Is
turned on.

Operudc
(bit1:

s_arr

Q

IB. ~- MB. SMB. VB. AC.

N(~I:

ti···=

COIIIIIDL

Dacn,ciel

*VD. •AC

111e SCI lomledwe coo~-

sm lbe r.angc

ot poims saaniag ;n s_srr ror ~ 1IIUDbcr ~ poim
spedfied by N .

!Natwort2

'Mien t0.1 is on; then outputs 01 .o. au

J

Reset Coil

111d Q1 .2 are set (turned on).
These autJ)uls wll remain on, even if 10.1
is tll118d off, untl they are reset.

S,-ei:

S BIT

-{a)

0.1

I

N

Ql.O

(s)

o,e,-.:

3

S_Brr (bit):

l Q, M. SM T. C. V

1B, (JS. MB. SMB. VB,
AC. CGIIIIIDt. •VD. •AC
Delcalpdw fl opeslllilll:
Reset Cail ••••• QGP paims stmtiag at
mr 111e amber or poillls lpCCfflcct N.
N (\IJRI:

!Nitwott 3

1 Wben io.2 ts twnecs on. than outpull
a1.o, au and Q1.2 are l'lllt (turned oft

ne
m
s_err
i,y tc
s_arr is sp,cified to be eida a T or a c bit. tbm
beth lhe timeo'amer lit and tbe

liDaerlcou=r

cmre111 value are rs.

Reset l1111edia1e Coil
S,-&:

!NetwoR 4

I

End of the main user program.

S BIT

---(R-1)
N

~)

o,er.dl:
S_BIT(bit):

Q

N {by1c):

IB. QB. MB. SMB.
VB. M:, COIWIDI. •VD,

•AC
Dae •••

IJlo,erldw:
R.clll Inamctw Ceil ~reseu the
11111C ii paizlll Sllr1ilg a S_BIT 1ir the lllillb:r cl
!IMS spa:ified by N .

n.
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End

s~
~)
Open •• ,:

CPU212:~3
Opera

tr

CPU 2U: 0-255

/"'1M,I

Daaifda

"™·--=

The 111111P 10 Labd (JMP) cail pailrml a brlDdl
die apecifled label (ltt v.ilbiD die pqnun.

TIie Cai#lilNlllllEnd ail lm'lllillllestbc IDliD mer
lftllllll blled OIi the cmdilicm • Ille oncecbl

Label

lope.

S,-1:

The

£ml coil

U111:01¥1iMMI

l1lllll

be mc:d

IO

\0

amillsll die mer p1111111D.

Stop

s,.w:

4~~

a:

o,er.cs

CPU 212: ().63
t'PUlU: 0-25,

Dauifdatlopeasdlll.
Deaifdlm ti "et II•:
ne 51op c:oil Miul'lilms mn1ioa
ll1JIXIID

"1 cmsill&

m t11c

mr

a 111111SD18 ID 1Jm Slllp modi:.

Wa&dldo& Reset

1be l.Jlllcl (LBL) illllnK:liaa mrb tbl loclCioll •
the jallp dari....., (Ir). Tbc CPU 212 allows 6+
llbdL 111d tbe CPU 21" allows lS6.

Call

S,-1111:
n

-{CALL)

--(11Dit)

0,..••
(ltO#lf)

n:

CPU 112: 0-15

CPU 214: o.63

Dar:rifdel., ••••••• ~
TIie Wll:llq 1tmt (WDR) coil alkffl1 the
wllCilq lim' IO be rmigcaed. 1lis CJll:llds
time die 1:1111 Ilka willlaal PIS I ••••••

mur.

tbc

The SabnJUline Call (CALL) coil nudm ~
., the Sllbraaline (a).
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Multiply Jntl!gfr

1Nl • IN2 • OUT

.sy..,:

Nece:

WIien INl • OOT m JNl ~ OUT:
•

nu

•

IN2

OUT

If lN2 Aid OUT~ cli=.-W
op:radl
ad iC Q1I' mmaill C111C o( lhe ~,es o( IN2.
tbea tht ila..aiou ii invalid.
tr IN2 is III ildna addras aad OUT is :i
clnct adlbSI fflllflhri11 one o( the ~ oC
1111 mdbec:I lddllS
JIQimer. dleD the
UIIUDctiaaii im'llilt

(),a ••••.

lNI. INl (WOid):

VW. T. C. lW, QW, MW.

s:

SMW.
AIW, Conant.
'VD. •AC
OUT~:

VD. ID.~. MD. SMD. AC.
•VD. •AC

IHl

DllcripdM " ••••••••

1k Mllliply IIICpr (MUI.) bax DIJl.qmcs two
16-a& •••• (INI, IN2). ad pmdial a 32-at
,..

(<M'). •••••

la dleeq1111m;

INI. IN2 (word):
Noe:
Same fflnlllllllll
iMlid..

ilpal ad ••

VD, ID. CJ), MD. SMD. AC. -VO.

apenads -

•AC

n....,....,1_...._

M.atiplylleal

~ oo 114 oeJ:v.

-..S

TIie DtrieI-,.

(DIV) bait dividls two 16-bit
111d proib:a a 32-at iault
(CXJT) o•t;ll•I o( o( I 16411 qlllliem and a 16lit 1'llllilder •• ii IIIDwa ia •• ~

mr,.
SH

(INl. 00).

JN1 I IN2 • 00T

INl
INZ

VW, T. C. IW. QW. MW. SMW.
AC, AJW. ~.
•vo. •Ac

Naea:
OUT

«>,enwda:
INI. IN2 (Dword):

•• input and Dlllplt opernds

•

Sw ~
aUl\'llid.

•

TIie 32-lit rauJt (OUT) C111DGt be tile
die --(JN2}.

SID

:is

VD, JD,~. MD. SMD. AC.

HC.

C-.

-VO. •AC

.,.,..,, •.-<XlT (D9ord}:

VD. JO, (J). SMD. AC, •VD,

•AC

The MlltiplJ Jlcll (MUL_R) Im maMiplies two
32-mt lal maben llN l. DQ). .S )Rdll.'a I 32•
bit ••• 'llllaber nsdl (OOT), • ii ••••
Gqlllian:

in the
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' PROGRAM TITLE COMMENTS

Network 1

-

COUNT ENTERING OR LEAVING PEOPLE IN BIG HALL (1 TO 234)

I-0.0

.._ ------ccu

C11JD

IO.l

I0.2

I0.3

I0.4

10.5

IS.2

i---------tR
+234-IPV

Network 2

I0.6
I

I

COOLER(DECREASE

CO

I I

THE l DEGREE CELCIUS)

Q0.1

( )

93

Network 3

HEATER (INCERA"S-E THE l DEGREE CELCIUS)

I0.7
1

CO

1

Q0.2

111

Network 4

C)

COUNT ENTERING OR LEA YING PEOPLE IN BIG HALL (234 TO 2l68)

IO.O

...---.-------1cu

CI

en.JD

IO. I

I0.2

---------CD
I0.3

I0.4

I0.5

15.3

-------R
+468-IPV

Network 5

Il.O
I

I

COOLER(DECREASE 1HE I DEGREE CELCIUS)

Cl

I I

Q0.3

( )
94

1

Network 6

HEATER 1INCERASE THE l DEGREE CELCIUS)

II.I

CI

11

Q0.4

111

Network 7

()

COUNT ENTERING OR LEA YING PEOPLE IN BIG HALL (468 TO 702)

C2

IO.O

t----.-------1cu

c11JD

1-------...,..;,j··

CD .

i---------1·

·R

10.5

15.4

· +102-:t:vv

-• Network -g-

-12.0
I

I

-cooLER(DECREA;gE

-C2

'I

l

TIIE 1 DEGREECELCIUS}

-Q0S

"( )
95

'. Network ·9

12.1

".1l

· Network 10

HEATER (lNCER.ASETHE'l DEGREECELCIUS)

··

c:

C2

Q0.6

lT
1

· COUNT ENTERING OR LEA YING PEOPLE IN SMALL HALL 1 (0 TO 50)

ll.2

0

I

lcu

cn1D.

1L3 ·

-------CD

I5.5

.--------1:·

R

+"'5o~W

Network ·n

,_-I14,

i

I

Netwo~k 12

I1.5
I

I

·cmkER(DECl.tEASE THE i.s DEGREE CELCIDS}'

. -C3.

I

I

HEATER

C3

11 I

. . . ,Q0.7.

·{ )

(INCERA.SE THE L5 DEGREE CELCIUS)

QLO.

( )

96

··Network

n

·coUNTENTERING-ORLEAVlNGPEOPLE

-H.3

-C4

·I

11.4

1

15:6

I

IN SMALL HALL 1 (50 TO 100)

I ctr·· CTl1D
[en

..

IR
+lbO-IPV

Network ·g

11.6

~1

-11

· Network 15

-n:7

JJl

-cdoiER.{DECREASEIBE1:5 DEGREE CELCRJS)

C4

:I· i

Ql.l

(}

HEATER(INCERASE TI:IE 1.5 l)EGREE CELCIUS)

-or

=11'1

:Qr.z

-()
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:I 'Network T6-

-couNTENTERlNG OR LEA VJNG PEOPLE IN SMALL HALL 2 (0 TO 50)

cs

BJ

cu

I

'CT(]l)

13.2

CD
15.7
I

R
+5-{L :m.

' Network 17

·cdOEER::(DECR:EASE rnE 1.5 DEGREE CELCIDS)

cs

13.3

Network T8

13.4
I

I

Ql.3

_j

-1

I~

(

)

. HEATER (lNCERASE THE 1.5 DEGREE CELCIUS)

I

cs
f

I

Ql.4

( )
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Network 19"

COUNT ENTERfNG OR :LEAVING·PEOPLE IN SMALL HALL 2 ( 50 TO 100)

. I

C6

trtlDf

lc··u

12.0

13.5

16.0

t---------i··

R

I

+foo+PV

CObLER.(bECREASE

12.3
I

C6

I

Network 21

12.3
I

I

I

THE 1.5 DEGREE CELCIUS)

Ql.5

I

( )

· HEAT.ER (INCERASE THE 1.5 DEGREE CELCIUS)

I

C6
J

I

QI.6

( )
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' Network 22

COUNT ENTERING OR LEAVING PEOPLE IN S:MALL HALL 3 (0 TO 50)

U.4

:I

12.5

I

[co

I

IR

I6.l

+50-IPV

. ' Network
U.6
I

2'3

I

Network 24

U.7
I

I

,, COOLER(DECREASE THE 1 DEGREE CELCIUS)

I

C7

I

QI.7

( )

HEATER (INCERASETiffi 1 DEGREE CELCIUS)

I

C7
J

I

Q2.0

( )

100

.• Nefu,otk '25

CblJNT ENTERING OR LEA YING PEOPLE IN SMALL HALL 3 ( 50TO · l 00)

C8

12.~.,

ltu cits»

I2.6

I

[co

I

IR

16.2

+100-IPV

,:Network '26

14.0
.1

I

Network 27

14.1
I

I

TOOLER:(DECREA.SE THE 1 DEGREE CELCIUS)

I

C8

I

HEATER

C8

I I I

Q2.l

C )

(IN'C'.ERASE THE l DEGREE CELCIUS)

Q2.2

( )
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Network 28

COUNT ENTERING OR LEA YING PEOPLE IN SMALL HALL J (100 TO 150)

!2 . .5

I

ltu

I

[co

I

IR

C9

citm

12.6

16.3

+150-IPV

. '. Network ·29

M.2

~~1

Network 30

14.3
I

I

TOOLER(DECREASE 11IE 1 DEGREE CELCIUS)

~

~.3

ii

(}

HEATER (INCERASETHE 1 DEGREE CELCIUS)

I

C9
J

I

Q2.4

C )
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COUNT ENTERING OR LEAVING PEOPLE IN SMALL HALI, 4 (-OT0-50)-

Network 31

14.4

CIO
}

--------

-14.3

16.4

CU

CTYD,-

[co

I

IR

I

+50-4-.PV-

. ' 'Network'32

14.6
I

I

Network 3J

· CdOLER..{DECREASE THE 1 DEGREE CELCIUS)

I

I

ClO

I

Q2.5

( )

HEATER (INCERASE THE 1 DEGREE CELCIUS)

14.7

I

ClO

I

I

Q2.6

I

( )
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. Network 34

COUNT ENTERING OR LEA YING PEOPLE IN SMALL HALL 4 (50 TO 100)

.,

I3.3

fcu

en

ttun

B.4

I

[co

I

IR

16.5

+100-IPV

Network 35

·B.3

-rt

Network 36

B. 7
,"t ·t

d

COOLER(DECREASE THE 1 DEGREE CELCIUS)

·ClO

l l

Q2.7

·( }

HEATER (INCERASETHE 1 DEGREE CELCIUS)

Cl 1

4 l ,i ·

Q3.0

( }
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Network 37

13.3

13.4

16.6

COUNT ENTERING OR LEA YING PEOPLE IN SMALL HALL 4 (100 TO 150)

lcu

I

C12
cTIJD

jcD

I

IR

I

+150~PV

Network 38

15.0
I

I

I

Network 39

15.1

I

COOLER.(DECREASE THE 1 DEGREE CELCIUS)

I

C12

I

Q3. l

( )

HEATER (INCERASE THE 1 DEGREE CELCIUS)

Cl2

I I I

Q3.2

( )

Network 40
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1
2

3
4
5
6
"l

II
//PROGRAM TITLE COMMENTS

II
NE.TWORK 1
234)

OR LEAVING

PEOPLE IN BIG HALL

(1 TO

II
II

8

LD

9

0

10
11
12
13
14
15
16
17
18
19

LD
0
0
0
LD
CTUD

I0.0
I0.1
I0.2
I0.3
I0.4
I0.5
I5.2

co,

NETWORK 2
LDN
IO. 6
A
CO

2.0 =
21
22
23
24
25
26
27

//COUNT ENTERING

+234
//COOLER. (DECREASE THE 1 DEGREE CELCIUS)

Q0.1

NETWORK 3
LDN
IO. 7
AN
CO
Q0.2

/ /HEATER

( INCERASE THE 1 DEGREE CELCIUS)

PEOPLE IN BIG HALL

(234

28
29
30
31
32
33
34
35
36
/ /COOLER. (DECREASE THE 1 DEGREE CELCIUS)
37 NETWORK 5
38 LDN
Il.0
39 A
Cl
40 =
Q0.3
41
I /HEATER (INCERASE THE 1 DEGREE CELCIUS}
42 NETWORK 6
43 LDN
Tl .1
44 AN
Cl
45 =
Q0.4
46
PEOPLE IN BIG HALL
47 NETWORK 7
//COUNT ENTERING OR LEAVING
TO 702)
48 LD
I0.0
49 0
.I0.1
50 LD
I0.2
51 0
I0.3
52 0
I0.4
53 0
I0.5
54 LD
I5.4
C2, +702
55 CTUD
56
//COOLER. (DECREASE THE 1 DEGREE CELCIUS)
57 NETWORK 8
58 LDN
T2.0
59 A
C2
Q0.5
60
61
//HEATER (INCERASE THE 1 DEGREE CELCIUS)
62 NETWORK 9
I2.1
63 LDN
C2
64 AN
65
Q0.6

(468

//COUNT ENTERING
NETWORK 4
TO 468)
LD
IO. 0
0
IO.l
LD
IO. 2
0
I0.3
0
I0.4
0
I0.5
LD
I5.3
CTUD
Cl, +468

OR LEAVING
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66
//COUNT ENTERING OR LEAVING PEOPLE IN SMALL HALL 1
67 NETWORK 10
TO 50)
68 LD
Il.2
69 LD
IL 3
70 LD
I5 . .5
71 CTUD
72
73 NETWORK 11
//COOLER. ( DECREASE THE 1. 5 DEGREE CELCIUS)
74 LDN
Il. 4
75 A
C3
76
Q0.7
77
//HEATER (INCRRASE THE 1. 5 DEGREE CELCIDS)
78 NETWORK 12
79 LDN
I1. 5
80 AN
C3
Ql. 0
81
82
//COUNT ENTERING OR LEAVING PEOPLE IN SMALL HALL 1
83 NETWORK 13
TO 100)
84 LD
I.1.3
Il. 4
85 LD
I5.6
86 LD
87 CTUD
C4, +100
88
//COOLER. ( DECREASE THE l. 5 DEGREE CELCIUS}
89 NETWORK 14
Il.6
90 LDN
C4
91 A
Ql.1
92
93
//HEATER (INCERASE THE 1.5 DEGREE CELCIUS)
94 NETWORK 15
Il. 7
95 LDN
C4
96 AN
Ql. 2
97
98
//COUNT ENTERING OR LEAVING PEOPLE IN SMALL HALL 2
9 9 NE.TWQRK 16
TO SO)
lQQ
LD
I3.1
I3.2
101
LD
I5.7
102
LD
cs, +50
103
CTUD
104
//COOLER. (DE-CREASE THE 1. 5 DEGREE CELCI'US)
105
NETWORK 17
106
LDN
13.3
107
A
CS
Ql. 3
108
109
//HEATER (INCERASE THE 1.5 DEGREE CELCIUS)
110
NETWORK 18
111
LDN
I3.4
112
AN
CS
Ql. 4
113

(0

(50

(0

114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129

NETWORK

HALL 2 .( 50
LD
LD
LD
CTUD
NETWORK

LDN
A

19
/ /COUNT ENTERING OR LEAVING PEOPLE IN SMALL
TO 100)
I2. 0
I3. 5
I6.0
C6, +100
20
I2. 3
C6

/ /COOLER. (DECREASE THE 1. S DEGREE CELCIUS)

Ql. 5
NETWORK

LDN
AN

21
12.3
C6
QL6

//HEATER

(INCERASE THE 1.5 DEGREE CELCIUS)
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130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
16.4
165
166
167
168
169
170

171
172
173
174
175
176

177
J.78
179
180
181
182
183
184
185
186

187
188
189
190
191
192
193

NETWORK 22
//COUNT ENTERING
H.Z',LL 3 (0 TO 50)
LD
12.4

LD
LD
CTUD

OR LEAVING PEOPLE IN SMALL

.12. 5
16.1
C7, +50

NETWORK 23
LDN
12.6
A
C7

//COOLER. (DECREASE THE 1 DEGREE CELCIUS)

Ql. 7
NETWORK 24
LDN
12.7
AN
C7

//HEATER

(INCERASE THE 1 DEGREE CELCIUS)

QZ,. 0

NETWORK 25
//COUNT ENTERING
HALL 3 (50 TO 100)

LD

12.5

LD
LD

12.6
16. 2

CTUD

CB, +100

NETWORK 26
LDN
14.0
A
CB
Q2.l

//COOLER. (DECREASE THE 1 DEGREE CELCIUS)

NETWORK 27
//HEATER
LDN
14.1
AN
CB
Q2.2

(1NCERASE THE 1 DEGREE CELC1US)

.NETWORK 28
/ /COUNT ENTERING
HALL 3 (100 TO 150)
LD
12.5
LD
12.6
LD
16. 3
CTUD
C9, +150
NETWORK 29
LDN
14.2

A

OR LEAVING PEOPLE IN SMALL

OR LEAVING PEOPLE IN SMALL

I I COOLER. ( DECREASE THE 1 DEGREE CELCIUS)

C9
Q2.3

NETWORK

30

LDN

14.3

AN

C9

//HEATER

(1NCERASE THE 1 DEGREE CELC1US)

Q2. 4
NETWORK 31
//COUN.T ENTERING
HALL 4 (0 T.O 50)
LD
14.4
LD
I4. 5
LD
16. 4
CTUD
ClO, +50

OR LEAVING PEOPLE IN SMALL

NETWORK 32
//COOLER. (DECREASE THE 1 DEGREE CELC1US)
LDN
14.6
A
ClO
Q2.5
NETWORK 33
LDN
14. 7
AN
ClO
Q2.6

//HEATER

(INCERASE THE 1 DEGREE CELCIUS)
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194
195

196
197
198.

199
200
201
202

203
204
205
206
207
208
209
210
211
212

213
214
215
216
217
218
219

220
221
222
223
224
225
226

NETWORK

HALL 4 (50
LD
LD
LD
CTUD

34
//COUNT ENTERING OR LEAVING PEOPLE IN SMALL
TO 100)
13.3
I3.4
16 •. 5

Cll, +100
//COOLER.{DECREASE THE

1

DEGREE CELCIUS}

36
//HEATER (lNCERASE THE
13.7
Cll
Q3.0

1

DEGREE CELClUS)

NETWORK

LDN
A

ClO
Q2. 7

=

NETWORK

LDN
AN
=

35

13. 3

~

37
//COUNT ENTERING OR LEAVING PEOPLE IN SMALL
HALL 4 (100 Tb 150)
LD
13.3
LD
I3. 4
LD
16.6
CTUD
Cl2, +150
NETWORK

LDN

38
//COOLER.{DECREASE THE 1 DEGREE CELCIUS)
15.0

A

C12

=

Q3.1

NETWORK

39
//HEATER (INCERASE THE 1 DEGREE CELClUS)
15.1
Cl2
Q3.2

NETWORK

LDN
AN
=

227

NE..:I:WORK 4 0

228

MEND
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CONCLUSION
When developing this project we see that PLC is making the operation in industrial,
Places and that's the reasons, Why it is gaining interest , Notice of most of the
compames.
With the information observed from our lecturer and our researchers for this topic
PLC , is a convenient tool with a wide rage of useful ways to be used. Such examples
can be mentioned several machines can be used at the same time , easy adjustments
from the PLC program can be made within a few minutes by the keyboard , installed
PLC programs can be controlled or checked before within the office and laboratory ,
even the PLC program as for firm can be meet at the home. It's very protective and safe
for the workers which they protected from danger, communications programs of PLC's
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 result of our program is that every ewquipment in a building can be operated
with a PLC and in this way automation is achieved.
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