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ABSTRACT

Design and Construction of a Prototype
Programmable Logic Controller

By : Mohammad Tahboub
Supervisor : Dr. Khaled Toukan

In this thesis | g Step towards increasing the national ' Know - How ' of
Programmable Logic Controllers (PLCs ) is undertaken . The conc
of the PLC is | Jirst, described ; a discussion of the m
Jeatures and fields

ept of operation
ajor components different

of application is also included . A prototype PLC is, then

designed and constructed through two parallel interrelated procedures : hardware

design and software development . A protopype PLC is designed and constructed

using the CPU of a personal computer | o provide for the processor and power

supply of the PLC , and an [/0 interface module that provides twelve discrete output
signals at 115 VAC and twelve discrete input signals at TTY, level. The I/O inferface

module  consists of two major parts : the 170 interface card and the DC 7 AC power

converter . 4 Boolean Language environment is developed using Turbo Pascal

(version .6) - The developed environment provides the user With the ability to write

user programs in Boolean Language , transiate the user program into Pascal

compile the translated Pascal code , and run the compiled programs Running q

user program results in two main activities : [) set up of the prototype PLC and 2)

. Thorough testing of the prototype PLC is
performed at both TTL leve] and 115 VAC level to check Jor proper operation .

performing  continuous scanning

o

. "
i 'Reserved - Library of University of Jordan - Center of Thesis Deposi
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Chapter -One

Introduction

l.1. Historical Backqround

Relay controlled systems were inflexible and costly .
The need for a system that provides for :
1- computer flexibility ,

2- easy programming and maintenance ,

3~ reusability ,

4- robustness in the industrial environment , and

5- reduction in down time of machines ’

led to the design criteria of the first programmable logic
controller ( PLC ) in 1968 by the Hydramatic division of
the General Motors corporation [1] .

The first programmable logic controllers were limited
to applications such as transfer 1lines and grinding
machines since they were capable of on/off control only .
However , they were easily installed  needed less space
and energy than relays , and were reusable .

As time went , great enhancements were made to PLCs :
l- Early innovations ( 1970 - 1974 ) in microprocessor
technology added greater flexibility and intelligence to
the PLC . The PLC became capable of interfacing with the
operator, manipulating data |, performing arithmetic
operations , and communicating with computers (11 .

2- Later enhancements { 1975-1979 ) 1in hardware and
software provided more flexibility to the PLC . The PLC
provided larger memory capacity , remote Input/Output

capabilities , analog control capability , operator

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



communication capability , and user friendly software

environments [1] .

Larger memory capacity meant larger application
programs and larger amounts of data that could be held and
manipulated .

Remote input / cutput was done by signal multiplexing
over two twisted pairs of wires . This made it possible for
large systems to be divided into smaller systems ; smaller
systems are more flexible and can be maintained easily .

Development of communication capabilities of the PIC
made it possible for users to get their PLCs interconnected
through Local Area Networks ( IANs ) in a step towards
having a complete flexible manufacturing system .

Software enhancements provided easy utilization of
hardware enhancements . Such software enhancements included
the use of computer like statements and menu driven
software . 431757
3- Later ( 1980 - 1989 ) + PLCs were greatly enhanced both
in hardware and software capabilities .

Hardware enhancements include the achievement of
faster scan times ; availability of special interfaces that
allow certain devices to be connected directly to the
controller , such as thermocouplers and strain gauges ,
and existence of a wide range of PILC sizes that provides
the user with a variety of options .

Software enhancements include the use of high level
languages such as Basic |, diagnostics and fault detection

of both the controller and the controlled machine , and

support of floating point mathematics which facilitates.
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performing complex computations [1] .

4~ Nowadays ( 1990 - 1993 ) + Program generators are now
being developed for PLCs . They help programmers to
overcome the complications associated with data addressing
and the inconveniences of bit addressing . The programmer
has to provide the initial program specifications only and
the generator performs the rest of job .

First , the programmer has to identify the devices
and switches of the application . Second , he / she has to
define the conditions under which each device will change
state . Third , the PLC program generator takes over and
generates the program code by first translating each state
change condition into one or more rungs of the program
ladder diagram and , next , assigning valid data addresses
to each of the devices / switches defined (2] .

However , the above mentioned code generators do not
provide portability of code between the different PLCs ;
both the generator and generated code are PLC dependent .
Another approach is to develop an automatic PLC program
generator with a standard interface ; it aims at improving
the portability of PLC programs developed on different
PICs [3] .

Such a generator was developed by Sangecta Bhatnager
and Richard T. Lion in 1990 {31 . It consists of six
modules , some of which are PLC dependent and some are
not . The generator translates the user program
specification into a Standard Control Logic Specification
( SCLS ) that is portable between different PLCs . Next

’

the generator generates a PLC specific program code to be
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executed .

Bidirectional conversion of program code between SCLS

specification and executable code is available ; thus

r r

portability is improved .

PLC simulators is another field of concern for the
time being . Different microcomputer based simulators of
PLCs are developed that provide a safe + reliable testing
environment of newly developed user programs . Such
simulators are also useful for training purposes .

Testing user programs is time consuming ; on line
testing would increase equipment down-time . Moreover : on
line testing increases the probability of damage of
hardware equipment connected to the PLC . Such
disadvantages are overcome by using PLC simulators [4) .

PCL ( Programmable Controller Language ) is a high

level , real-time pProgramming language developed in the

Technical University of Istanbul + Turkey . It is

syntactically similar to Pascal . It provides for

structured data types , efficient control structures |,

concurrent processing ‘ exception handling ‘ and
asynchronous events . It is suitable for complex

applications which require critical interrupt handling

mechanisms [5] .

Generally speaking , the PLC is an essential part of

factory automation . The PLC is + Now , part of the

integrated system combining robots , Computer Numerically
Controlled ( CNC ) machines + CAD/CAM systems , and

Management Information Systems ( MIS ) [1] .

When the PLC was compared versus relays p some
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time ago , a trade-off was made between the cost of the
PLC , relative to the relay system cost , and the
features provided by the PLC such as flexibility , high
reliability , small space requirements , and the ability
to accommodate future expansion . However , as the cost of
hardware is nowadays decreasing significantly and as the
user is provided with the ability to choose the controller
that suits him / her out of a wide range of controllers ,

the PLC appears to be the more probable choice .

Table 1.1 shows some of the PLC features and

benefits .

l.2. PICs -in- Jordan :

Industrial organizations in Jordan can be categorized
into three major types according teo the technology they
employ :

(a) The first type of organizations uses up-to-date new
technology in its production lines ;i these represent a
small percentage out of the total . They usually suffer
from the lack of an expert staff that can support and
maintain the technology used .

(b) The industrial organizations of the second type use
what is called new-old technology ; this is old technology
that is out of date and is no more used in the developed
countries’ industry ; thus ; they are imported to be used
in third world countries . This type represents a good
percentage out of the total . Such organizations might face
problems with future expansion and lack of spare parts .

(c) The third type of organizations uses reconditioned old

technology that usually requires extensive maintenance and

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit




Table 1.1

Typical PLC Features / Benefits [1] .

Inherent Features

Benefits

Solid-State Components

Programmable Memory

Small Size

Microprocessor-Based

Software Timers/Counters

Software Control Relays

Modular Architecture

Variety of I/0 Interface

Remote I/0O Stations

Diagnostic Indicators

Modular I/0 Interface

All System Variables
Stored in Memory

High Reliability

Simplifies Changes
Flexible Control

Minimum Space Requirements

Communication Capability
Higher Level of Performance
Higher Quality Products
Multi-functional Capability

Eliminate Hardware
Easily Changed Presets

Reduce Hardware/Wiring Cost
Reduce Space Requirements

Installation Flexibility
Easily Installed

Hardware Purchase Minimized
Expandability

Controls Variety of Devices
Eliminates Customized Control

Eliminate Long Wire Problems

Reduce Trouble-Shooting Time
Signal Proper Operation

Neat Appearance of Control
Panel

Easily Maintained

Easily Wired

Useful Management /
Maintenance Data
Report Generation

suffers from the lack of spare parts in both the national

and international markets

. Future expansion and

development might require discarding the old technology and
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replacing it with new technology .

In Jordan , there are some authorized dealers of
international companies that have PLC products such as AEG
/ Modicon , Fuji Electric , and Allen-Bradely .

Worldwide speaking , Siemens is number one in the
world in the field of PLCs . They have a worldwide
marketshare of 25% and a Middle East marketshare of 45% .
Their worldwide sales in 92/93 was one Billion US dollars .
Allen-Bradely and Mitsubishi are the second and the third
in the world , respectively .

AEG / Modicon is an international company that has a
good share of the world market . It is a large company that
has around 16,500 - 17,000 employees .

In 1991, AEG sales in automation systems were
approximately 3000 billion Deutsche marks ; automation
systems include real time computers and PLCs as major
items. AEG’s annual report ensures that the AEQ company is
the leading supplier of ~integrated systems in Europe ,
North America , and South Asia . Foreign countries have a
44% share out of AEG product sales .

AEG’s Jordanian authorized dealers have only
installed 5-10 systems at different sites in Jordan . These
include the Jordan Sewing and Weaving Company , the Sewage
Treatment Plant in the Industrial City in Irbid , Al-Sufara
Bakery , and the Arab Bank .

There are other sites in Jordan that use AEG’s PLCs
in automated factories i however , these PLC sites were
imported as parts of complete solutions from Europe and

were completely installed by foreign experts . Jordanian
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authorized dealers are not referenced except for spare
parts .

Fuji Electric is also an international Japanese
company specialized in electric and electronic products .
It is considered to be one of the top ten in the world in
this field .

U.S.A. has a 50% share of Fuji‘s sales , Europe has
20% share , and a 30% share is left for Japan’s internal
market .

Fuji PILCs’ authorized dealers in Europe are done
through Germany . They are responsible for the Fuji PIC
installations in third world countries including Jordan .
Such sites include the ‘ Jordan Electricity Authority * .

As claimed by Fuji’s authorized dealer in Jordan '
Fuji company refuses to allow the Jordanian Fuji authorized
dealer to deal with PLCs ; Fuji company thinks it is too
early for third world countries to deal with automation
provided , also , that there is no qualified people in
Jordan to support such technology .

In fact , Jordanian PLCs authorized dealers are
facing many problems :

(a) Owners of new factories prefer to implement total
solutions granted ; they import ready-made factories to be
installed in Jordan by foreign companies . This is more

expensive and of less benefit to the Jordanian industry ;
consultation of Jordanian experts and national cooperation
would result in identical solutions with less cost and

would provide great benefits to the Jordanian Industrial

‘Y Know - How * .

-AH-Rights Reserved - Library of University of Jordan - Center of Thesis Deposit




(b) The new technology implemented in limited aspects in
Jordan requires a highly qualified staff for support and
maintenance , the lack of which is a real problem . This
can be solved by supporting efficient training courses
ocutside and inside Jordan ; national co-operation is the
key solution for such a problem .

(c) The majority of Jordanian factories are based on old
technology , as mentioned above r which is a real problem .
The process of updating old technology to use the new
technology , part of which is the PIC r is a difficult
brocess that requires special interface stages to be
accommodated with old technology logic and power
requirements .

In Europe , wide markets , promising industry , and
large money «capitals allow for discarding the old
technology and replacing it with new technology . This is
not the case in Jordan .

This is a short overview of the PLC market in Jordan.
As time goes , the need for co-operation between the
different industrial national organizations increases in
order to put the different efforts on the right track . A
good step forward is accomplished if a qualified staff ;

r

that is capable of installing , testing , and maintaining

PLCs in Jordan is being developed .

—AHRights Reserved - Library of University of Jordan - Center of Thesis Deposit



Chapter Two

PILC- -Structure

The programmable controller as defined by National
Electrical Manufacturers Association ( NEMA ) is a :
‘Digital electronic apparatus with a pProgrammable memory
for storing instructions to implement specific functions ,
such as logic sequencing , timing , counting , and
arithmetics to control machines and processes ‘ [1] .

A PLC is composed mainly of two parts ; these are the
Central Processing Unit ( CPU ) and the input / output
interface . The CPU gets its inputs from the outside world
using the I/0 interface , executes the stored program
loaded in the memory , and sends appropriate output
commands ‘to control devices through the I/0 interface .

Figure 2.1 shows the block diagram of the PLC [1] .

—_———— [ ————
T | I T
P I Processor Mem | L] :
ro N smony | 1
hp o T
U | P

! | U
|I I T ! p : | T [
k\'l S | Supply k\ll S |

D N

Figure 2.1 Block diagram of the PLC .

The process of reading the inputs , executing the

loaded user program , and controlling outputs is called

10
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"Scanning’ and is performed in a continuous manner , as

shown in figure 2.2 .

I/0 Update

Program Scan

Figure 2.2 canning .

2.1. The Central Processing Unit (CPU) :

The central processing unit consists of three major

components : the processor , the memory , and the power

supply .

2.1.1. The Processor :

The processor performs many tasks including the

scanning process , the different communication processes ,

and the system diagnostics process (1]

Scanning is a cyclic process that is performed

continuously with a cycle time depending on the power of

the controller . A range of ( 1 - 100 ) msec is available p

at different costs . Usually , manufacturers specify the

scanning cycle time in terms of the amount of memory to he

11
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scanned ; for example , 10 msec / 1 K byte of scanned
memory. Other factors , such as the existence of remote I/0
or the use of CRTs to monitor the program , affect the
scanning time , also .

The processor performs the scanning process by
executing a set of internal permanent programs called the
Executive [1] .

Communication with remote I/O subsystems is another
task of the processor [1] . Remote communication requires
the existence of an I/0 subsystem adapter module located in
the CPU and the existence of a remote I/0O processor module
via which communication can be done .

Remote communication uses special cables such as
twisted pair coaxial cables or fiber optic cables . Error
detection and correction methods are implemented within
the processor communication protocols ; possible methods
are parity checking , check sum , and Hamming code methods.

The processor is capable of performing diagnostics
tests for the memory , battery , power supply , and itself.
Some processors are even capable of performing diagnostics
tests on the controlled machine (1) .

Categorization of the processors in PLCs can be done
according to the confiquration of the processor system
implemented . Multi-Processing category , for example |,
tends to have small processors working in parallel in such
a way that the different tasks are distributed among them
and the processing time is reduced .

The data word is another basis of classifying

processors ; the data word represents the number of bits

12
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that are treated as one unit by the processor .

The memory of a PLC can be divided + according to its
usage , into four types ; these are the Executive , the
Scratch Pad , the User Program Memory, and the Data Table
(11 .

The Executive is that region of the memory that
contains the ‘ Executive ‘ which is the supervisory
permanent programs that direct the system activities .

The Scratch Pad is a temporary storage used by the
CPU to store data that are continuously processed and
needed instantaneously . Access of the Scratch Pad is
faster than access to the main memory .

User Program Memory is that part of the main memory
that contains the program of user instructions .

The Data Table is a memory area that is used to store
any data required by the scanning process . Such data
include any data associated with the control program , such
as timers / counters preset wvalues , and the data
representing the input / output status of the system .

Figure 2.3 shows a simple memory map of the PLC . The
executive and scratch pad are called the - System Memory ‘;
they are parts of the memory that are transparent to the
user . Both the data table and the user program memary are
called the ’ Application Memory ‘ which is accessible to
the user .

The data in the data table is treated in two
different modes + status on / off mode and word { or byte )

mode . In the status on / off mode , the data is treated

13
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Executive System
Scratch Pad Memory
\
Data Table
Application
Memory
User Program
/

Figure 2.3 A PLC Memory Map [1] .

as single on / off bits each representing the status of a
certain input , output , or memory address . In the word
mode , bits of data are treated in groups representing
words of data in Binary or Binary Coded Decimal { BCD )
form [1] .

There are four types of data that are stored in the
Data Table area according to which it can be functionally
divided into [1] :
(a) Input table area : is a memory area ( array of bits )
used to reflect the status of input devices connected to
the input interface ; each bit in the input table
corresponds to an input device . When the input device is

switched 7 ON ‘ , the corresponding address bit in the

input table is switched to - 1 - ( ON / True ) . The
address bit is switched to ’ 0 ( OFF / False ) when
the input device is switched off . These input addresses

are used by the ’ Executive ’ when performing its scanning
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process .

(b) Output table area : is a memory area ( array of bits )
that corresponds to each output device connected to the
output interface . During the scanning process , the
processor reads the inputs and executes the user control
program ; consequently , the output table is updated with
ones and zeros .

Any output device with a memory bit set to © 1 - is
switched ON . If the memory in the output table is * 0 ‘

the corresponding device is switched OFF .
(¢) Internal storage bits : is a memory area ( array of
bits ) used in control programs as interlocks . They are
treated in a similar manner as the bits in the output
table ; however , the main difference lies in that internal
storage bits are not connected to output devices .

Internal storage bits are also called internal

outputs ’ or ‘ internal coils * . They are usually used for
internal purposes such as counters , timers , and
intermediate output addresses .
(d) Storage registers : are an important part of the data
table area since they allow for storage of data words
(groups of bits) in BCD or binary format ; they are used to
represent input and output data that cannot be represented
by single / 1 / 0 * bits . Three types , according to
their functions , of storage registers exist .

The first type is Input Registers that are used to
store multi-bit data received via input interfaces from
devices such as shaft encoders or thumb wheel switches

Input registers are also useful for storage of signals from

15
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analog input devices which are converted into equivalent
multi-bit binary representation .

The second type is Holding Registers that are used to
store constants , entered by the user + or variables ,
needed during the execution of the user program . Such
constants include the timer preset values , counter preset
values , and ASCII characters. Timer accumulated values

'
counter accumulated values, BCD inputs , and BCD outputs
are good examples of stored variables .

The third type is Output Registers that are used to
store multi-bit data to be transmitted to analog or multi-

bit output devices such as speed controllers and control

valves .

Figure 2.4 below indicates the four types of memory

in the data table areas .

N\
Input Table
tput Tabl
Output Table Data
Internal Storage Bits > Table
Areq
Storage Registers )
N
Control Program > User
Instructions Program
Area

Figure 2.4 Memory Area Types of the Data Table [1}]
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2.1.3. The~Power ~3upply :

The power supply is a major part of the PLC . It
supplies the DC power required by the CPU and input /
output modules ; it requlates power supply input to the CPU
in order to protect the different components and have a
consistent operation of the PLC .

PICs usually operate with 220 VAC power source . Some
PLCs , depending on the application , accept 24 vpC power
supply as a voltage source .

There are many factors that might affect the voltage
supply in a factory and , thus, affect the voltage input
level to the PLC . These include the start up / shut down
of some heavy equipment such as large motors or compressors
in the site , the power losses due to the various 1line
distances between different substations , and the power
losses due to the poor connections in the site [1] .

A PLC should be provided with a good power supply
that will tolerate some range of variation in the input
line voltages , 10 - 15 % for example . However, if the
disturbances in the input voltage is higher than that
range, the need for a constant voltage transformer, to be
connected between the voltage source and the power supply ,
might arise . The constant voltage transformer will
maintain a relatively constant output voltage although its
input might be variable .

Moreover , an isolation transformer might be needed
to isclate the PLC from the electromagnetic interference

(EMI) in the factory that might cause misoperation of the
PIC .
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Another subject to be considered when thinking of
power supplies is the maximum load that can be tolerated ;
power supplies are capable of providing a maximum amount of
current at its terminals , at a given voltage level . If
the current required by the different input / output
modules , at a moment of time , is greater than the maximum
current of the power supply , under-current conditions will
result causing an unpredictable operation of the Input /
Output system . A previous good knowledge of the
application requirements is vital to the selection of the
proper power supply .

2.2. The Input-/AOutputrSvstem-:_

The second part of the PLC is the input / output
system which constitutes the physical means of
communication between the CPU and the outside world . Early
PICs were limited to on / off inputs / 6utputs . This
limitation prevented PLCs from having complete control over
some processors which required analog inputs / outputs .

Nowadays , PLCs provide the user with a variety of
interfaces suitable for both discrete and analog inputs /
outputs . Four different kinds of inputs / outputs will be
considered ; discrete inputs / outputs , numerical input /
outputs , special inputs / outputs , and remote inputs /
outputs [1] .

2.2.1. Discrete Inputs / Outputs :

These are the simplest types of inputs / outputs used
with PLCs . Discrete input / output interfaces allow the
PLC to receive on / off signals from input devices and

transmit on / off signals to output devices . A list of
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some discrete input / output devices is shown in table 2.1

below .

Table 2.1. Discrete Input / Output Devices .

Input Devices Output Devices
- Selector switches - Alarms
- Push buttons - Fans
- Circuit breakers - Valves

- Relay contacts

Solenoids

Motor starter contacts Control relays

Various input / output interface circuits are
available for different standard AC and DC voltage ratings.,
Table 2.2 indicates some of these ratings .

Different AC / DC input interface ratings are
available such as 24 , 48 , 120 , and 230 volts AC / DC .
The TTL input interfaces allow the PLC to accept signals
from TTL-compatible devices , 5 VDC level control devices ’
and several types of photoelectric sensors .

Non-voltage input interface circuits allow the PLC to
accept inputs from devices that are not connected to a
power supply . Such interfaces contain their own internal
DC ( 24 VDC ) power supply that will compensate for the
external power supply .

AC output interface circuits allow the PLC to be able

to deal with output devices requiring AC input signals .
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Table 2.2 Standard I/0O Voltage Ratings of Discrete

I/0 Interfaces [2] .

Input Interfaces Output Interfaces
~ 24 Volts AC/DC - 12-48 Volts AC
- 48 Volts AC/DC - 120 , 230 volts AC
- 120 Volts AC/DC - 12-48 Volts DC
-~ 230 Volts AcC/DC =~ 120 Volts DC
- TTL level = 23 Volts DC
- Non-voltage - Contact relay
~ Isolated inputs - TTL level

Other discrete input / output interfaces available are

outputs .

A typical interface circuit is shown in figure 2.5 .

The AC / DC input interface circuit normally consists of

two DC outputs , contact outputs , TTL outputs , and
isolated circuits |, the power circuit and the logic
circuit ; they are usually isolated from each other through
a coupler, which can be an optical coupler or pulse
transformer , for example .

The power section is responsible for the conversion
of the AC input signal to a rectified DC signal via a
bridge rectifier , filtering the resulting DC signal to
eliminate the dangerous effect of electric noise and signal

bouncing , and detecting the minimum thresheld level for a

valid input signal .
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Power Isolation Logic
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— Filter |—{Detection d I

Figure 2.5 Block Diagram for AC / DC Input Circuit
(11 .

The rectified , filtered signal is coupled through an
optical coupler to the logic section of the PLC where it
will be used in the control program . The coupler will
protect the CPU side from any electrical voltage spikes
that might occur .

The logic section of the interface is a digital
circuit dealing with digital on / off signals .

2.2.2. Numerical-Data-Inputs~/-Outputs-:

Numerical data input / output interfaces makes it
possible for the PLC to control input / output devices that
deal wifh data bits in groups , each of which is considered
to be a single unit of data . These devices can be
classified into two type : analog devices and digital
multi-bit devices . BAnalog devices transmit / receive
analog signals as their outputs / inputs ; such signals
include voltages and currents . Temperature transducers

[4

pPressure transducers . humidity transducers ‘ and

potentiometers are considered to be analog input devices .

Analog output devices include analog valves and actuators ,

analog meters, and electric motor drivers .

Analog input devices need special analog interface
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circuits containing analog-to-digital converters and having
very high input impedance . Similarly , analog output
devices receive signals from the processor through digital-
~to-analog converters ; analog output devices are usually
optically coupled to the PLC .

Digital multi-bit devices produce discrete inputs /
outputs that cannot be represented by single bits ; it
rather needs a combination of bits to represent the
different levels of its inputs / outputs . Bar code readers
and seven-segment displays are good examples of such
devices .

Data are received through the input interfaces in
groups of bits and are stored in the input registers
corresponding to the input devices . The program is
executed and the output registers are updated with bits ,
groups of them , representing in BCD , the output level
required . The input / output interfaces in this casge
provide the PLC with parallel communication capability with
the input / output devices .

2.2.3. Special Inputs / Qutputs :

Apart from discrete and numerical input / output
devices which constitute r usually , a high percentage of
the devices used in nature + some input / output devices
require special input / output interface arrangements to be
able to communicate with the PLC . The special input /
output interfaces should adapt the signal received or
transmitted in a way to suit the input / output device
used. Example of signals to be adapted are very low level

signals and fast input signals that cannot be detected by
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the normal input / output interfaces [1j .

Special I/0 arrangements may encounter the use of
special I/0 interface modules +that contain their own
processors and RAMs . This is usually called ‘ Distributed
Processing ‘ since each of the processors at the interface
modules accomplishes its tasks independently of the CPU .

The ASCII input / output interface module is a
special circuit that requires special attention . Printers
and displays , for example , are peripheral devices that
send and receive ASCII code through RS-232 or RS-422
communications link . A special I/0O interface should be
implemented for such a case . If the ASCII interface uses
the CPU as a processor, all the handshaking communication
protocols are performed by the CPU ; this slows down the
operation of the PLC since the CPU is interrupted by each
input / output character . Moreover ¢ 1f the scan rate is
lower than the rate of communication + some data will be
lost ; synchronization of the process , thus , might
require slowing down the communication process .

Distributed processing solves such a problem ; at the
start of each scan cycle , the inputs are read including
the block of ASCII data accumulated in the I/O interface
RAM . The handshaking protocol is performed by the I/0
interface processor , and the data transmission between the
CPU and the RAM of the 1/0 module is done at the I/O bus
speed .

Similarly , a special network interface module is
required to enable the PLC to interact with a network

system of different devices in a factory such as robots ,
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CNC machines , and CAD / CAM systems via a Local Area
Network ( LAN ) . Communication parameters , such as baud
rate , and communication protocols are network dependent
(1] .

2.2.4 Remote Inputs / Outputs :

Large PLCs { 512 inputs / outputs or more ) provide
the user with the capability of having remote input /
output subsystems that are still under control of the CPU .
Such a configuration requires rack-type enclosures in which
the input / output modules are installed and provided with
their own power supplies needed in the interface circuitry.
A remote input / output adapter module is also needed to

allow communications with the processor [1]

Some limitations of remote input / output concept is
the maximum number of input / output points in one

subsystem and the distance allowed between the CPU and

each subsystem .

Remote input / output modules offer great savings in

wire , connections + and labor costs
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Chapter -‘Three

PLC- Products and Applications

A variety of PLC products and a variety of PILC
applications exist . An overview of these is presented in
this chapter .

3.1. PIC Pamilies :

‘Nowadays , different PLC ranges are available with
features depending on the size of the controller . These
ranges are specified , usually , according to the number of
input / output ( I/O ) points provided by the PLC ; this is
called * I/0 count ‘ . As the I/0 count increases , the
complexity , and hence cost , of the system increases |,
thus requiring an increase in memory capacity , variety in
I/0 modules , and flexibility of the accompanying software
( instruction set ) [1] .

The PLC products are divided into four ranges
(segments) 1 , 2 , 3 , and 4 depending on the variation of
the features discussed above . The boundaries of these
segments are overlapping with the intersection areas
representing PLC products that have the features of the
smaller PLC segment enhanced with some features found in
the PLCs of the larger segment , thus providing the user
with a great flexibility in choice . Figure 3.1 shows the
four segments with their overlapping areas .

Segment 1 designates small PLCs which are suitable
for simple on / off control . Table A.1.1 in Appendix A.1

shows some of their specifications { features ) .
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Figure 3.1 Illustration of the PLC Product Range (1].

Area ' A ’ includes small PLCs that are enhanced with
features from segment 2 medium controllers ¢+ such features
include analog control capability , basic mathematical
operations handling , LANs compatibility , and remote I/O
capability .

Segment 2 PICs are of medium size and are more
fiexible than small PLCs . Table A.2.1 in Appendix A.2
indicates their features including analog control

capability , data manipulation capability , and arithmetic
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capabilities .

Area * B ' Yepresents PLCs with features of segment 2
PICs enhanced with more memory , PID control capability ,
subroutine handling capability , and more instructions for
arithmetic and data handling .

Segment 3 designates large PLCs having the ability to
perform extensive data manipulation , data acquisition ,
and reporting . Table A.3.1 in Appendix A.3 indicates their
features .

Area ’ C ‘ represents PLCs having the features of
large PLCs with enhanced mathematical and data handling
capabilities ; they are supported with larger memory and
1/0 capabilities .

Seqment 4 represents very large PLCs that are used in
complex control tasks where remote I/0 and special I/0
interfaces are needed . Table A.4.1 in Appendix A.4
indicates their features .

1.2. Defining the Control System :

Users usually face the problem of selecting the
suitable PLC to their applications . The user decision
should take into consideration many variables including the
wide range of PLCs with different features and
capabilities, the wuser’s different applications , and
thoughts of future expansion .

When a user is in a position to take a decision about
the suitable controller , the following should be
considered [1] :

1- The I/0 modules suitable for the application should be

determined . The following six key points should be
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considered when determining the system I/0 requirements :
( a ) the size of the system in terms of the number
of different inputs and outputs ,
( b ) the remote I/0O requirements of the system |,
including a physical 1layout of the sensors and
actuators ,and information about the largest reﬁote
distance from the CPU ,
(e types of I/0 modules required ,
( d ) input-to-output response time required ,
( e ) diagnostics required , and
( £ ) redundancy requiremehts .
2- The user should , according to the knowledge of the
application , determine the type of control to be
implemented in his / her application . Different types of
control exist , each of which has its own advantages ,
disadvantages , costs , and features ;7 these include
individual machine control r centralized control , and
distributed control . Figure 3.2 shows the different types
of controi mentioned [1] .
3- The user should make a good estimate of the memory size
required based on the application size . The type of memory
should also be determined ; for example , volatile with
battery backup , non-volatile , or a combination of both .
Care should be given +to limitations of memory
provided by the manufacturer ; some memory may be limited

in the number of internal outputs that can be used . Some

restrictions might also be placed on the number of timers /

counters used ( 50 , for example ) .

4- Software is an essential part of the decision making
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Figure 3.2 Control Type Configurations
Individual Machine Control , b) Centralized Control

Distributed Control .

process ; depending on the complexity of the application

the user should determine the instruction set to be used
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Good choice of software leads to ease of programming
applications .

5- Determination of the different peripherals to be
connected to the PLC is an important issue ; future
expansion should be taken into consideration .

6~ The physical and environmental conditions of the user
site might affect the PLC . The PLC manufacturers
specifications about the required operational environment
should be studied.

To be more specific , effects of temperature ,
pressure , dust , and vibration on the PLC should be
considered .

7- The existence of good vendor support is a must . Things
to consider include the availability of a good support
staff at the vendor’s site , capability of the vendor to
support training courses , and the provision of a good
technical literature ( manuals ) by the vendor .

8~ A knowledge of the product proven reliability is
important ; lack of reliability increases machine downtime
and affects product quality .

Table 3.1 indicates the major steps and
considerations to be taken when selecting a PLC .

3.3. Steps to Implement a PLC System :

The methodical and logical approach is the key to
success in the implementation of a PLC system . No matter
how large the system is , a methodical approach yields
reliable outcomes .

First ‘ define your systems functional

specifications . Second ' draw the process and
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Table 3.1 Steps for Selecting the Right PLC (1) .

Step 1

Step 2

Step 13

Step 4

Step 5

Step 6

Step 7

Step 8

Know the process to be controlled .
Determine the type of control .

a= Distributed control
b- Centralized control
c~ Individual machine control

Determine the I/O interface requirement .

a- Estimate digital and analog inputs
and outputs

b~ Check for Input/Output specifications

c- Determine if remote I/0O is required

d- Special I/0 requirements

e- Allow for future expansion

Determine software language and functions .

a- Ladder , Boolean , and/or high level

b~ Basic instructions { timers ,
counters , etc)

¢~ Enhanced instructions / functions
(math , PID)

Consider the type of memory .

a- Volatile ( R/W )

b~ Non-volatile (EEPROM , EPROM ,
Non-volatile RAM , CORE)

c- Combination of volatile and non-
volatile

Consider memory capacity .
a- Estimate memory usage based on memory
utilization per instruction
b- Allow extra memory for complex
programming and future expansion .

Evaluate processor scan time requirement

Define programming and storage device

reguirements .,

a~ CRT
b- Computer
c~ Cassette or disk storage
d- Mini-programmer
e- Consider the functional capabilities
of programming devices
continue
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Table 1.1 Continued .

Step 9 : Define peripheral requirements .

a- Graphic display

b- Operator interface

c- Line printers

d- Documentation systems

e- Report generation systems

Step 10 : Determine any physical and environmental
constraints .

a- Available space of system
b- Ambient conditioens

Step 11 : Evaluate other factors that can affect
selection .

a=- Vendor support

b- Product proven reliability

c- Plant goals for future
(e.g. , standardization)

instrumentation ( PI ) diagrams . Third , draw an 1I/0
list . Fourth , draw the PLC configuration diagrams .
Next , write the PLC program . Last , document the whole
process [6] .

Definition of the systems functional specification is
the initial and most important step ; other steps greatly
depend on it . It should include a clear defintion of the
final achievements required in terms of general and
specific goals . Moreover , a description of the system
operation should be included .

A modular approach can be used to produce the system
specification definition . First, a general description of
the nature and performance of the plants equipment and of

the systems total operation is made . Next , the general
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description is broken into smaller functional blocks
containing more details . Finally , a sequence list is
obtained by providing a real-time description of the
Sequence of events within each functional block .

The PI diagrams include the pProcess logic and process
layout schematic . They show the different plant items ,
instruments , devices + and PLC I/O . Interconnections in
the layout are also shown .

An I/0 list is built on the information provided by
the PI diagrams . It shows all the devices , their field
wiring numbering , and their terminal numbers they will
occcupy on that PLC .

The PLC configuration diagrams support the I/0 list ;
they show the hardware layout and connections of the racks,
CPU , power supply , and 1/0 cards of the PLC .

The modular approach for writing a PLC program proved
to be the most professional i testing of the written code
is easy , diagnosis of the code problems is straight
forward , and the size of the code is , usually , smaller
than other programming methods . Thus , commissioning time
is reduced

Documentation includes all the documents that are
made in the previous steps . It also includes an operator’s
manual . The documentation can be reproduced into a user-

friendly set of manuals that will last for future use .

3.4. PLC Applications~:

Nowadays , PLCs are successfully applied in most

industrial fields including steel milling ’ food
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processing , and chemical and petrochemical treatment .

Following 1is a quick glimpse of some of the PILC
applications that would give good insight of the benefits
of using PLCs and would stimulate new ideas about where and
how to use PLCs [1] .

3.4.1. Rubber and- Plastic :

Tire Curing Press Monitoring :
PLCs are used to perform individual press monitoring
for time , pressure , and temperature during each
press cycle . Machine status information is stored
for later report generation and to alert the operator

of any press malfunctions [1] .

Tire Manufacturing :

PLCs are used to control the sequencing of events
which must occur to transform the raw tire into a
tire fit for the road . Such events , in tire press /
cure systems , include molding the thread pattern and
curing the rubber to obtain the road-resistant
characteristics . Use of PLCs reduces space
requirement and increases reliability of the system
and quality of the product [1] .
Plastic Injection Molding :

PLCs are used to control such variables as
temperature and pressure for the optimization of the
injection molding process . The PLC system provides
the closed loop injection to provide good quality ;
the system can also accumulate production data for

future use [1] .
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3.4.2. Chemical and Petrochemical :

Ammonia and Ethene Processing
PLCs monitor and control large compressors that are
used during the manufacturing of ammonia , ethylene ,
and other chemicals . The PLC monitors bearing
temperatures , operation of c¢learance pockets ,
compressor speed , power consumption , vibration ,
discharge temperatures , pressure , suction flow ,
and gas composition [1] .

Dyes : .
PLCs monitor and control the dye processing used in
the textile industry . Accurate processing of color
blending is provided [1] .

Gas Transmission and Distribution :
PLCs monitor and requlate pressures and flows of gas
transmission and distribution systems [1] .

Fan Control :
PLCs automatically control fans based on levels of
toxic gases 1in a chemical production environment .
Control of fan start / stop , cycling , and speed is
performed by the PLC so as to prevent contamination
and to minimize energy consumption [1] .

3.4.3. Power-:

Plant Power System :
PLCs regulate the proper distribution of available
electricity , gas , or steam. Monitoring power house
facilities , scheduling distribution of energy , and
genérating distribution reports is also accomplished

by PLCs (1] .
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Energy Management :

PLCs control heating and cooling wunits in a
manufacturing plant . Control of load cycles is also
performed . Scheduled reports on the amount of enerqy
used by the heating and cooling units are
provided (1]
Compressor Efficiency Control
PLCs are used to control several compressors by
handling safety interlocks, start up / shut down
Sequences , and compressor cycling . Using non-linear
curves of the compressors , they are controlled to
run at maximum efficiency [1] .

3.4.4. Metals :

Steel Making :

PLCs are used to control furnaces to produce metals
according to preset specifications . ©PLCs also
calculate oxygen and power requirements [1] .
Loading and Unloading of Alloys :
PLCs are used to control. and monitor quantities of
f

coal , iron ore , and limestone to be melted : this
is done through accurate weighing and loading
sequences [1] .
Cold Rolling :

PLCs are used to control the conversion of semi-
finished products into finished products through cold
rolling machines . Speed of the motors need to be
controlled to obtain correct tension and provide

adequate gauging of the rolling material [1] .
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3.4.5. Materials Handling- :

Storage and Retrieval Systems :

PLCs are used to load and unload parts in storage and
retrieval systems . PILCs keep track of necessary
information such as storage lane numbers , the parts

assigned to specific lanes , and the gquantity of

parts in any particular lane . This provides quick
storage and retrieval of parts . Inventory reports
can also be produced [1} .
Automatic Plating Line :

PLCs are used to control set patterns for the
automated hoist which can traverse left , right , up,
and down through the various plating solutions . PLCs
keep track of the hoist location at all times 1] .

Conveyor systems :

PLCs control all the sequential operations , alarms ,
and necessary logic for circulating parts on a main
line conveyor . Optimization of palletizer duty can
also be obtained by scheduling lane sorting using
PLCs [1] .

Automated Ware-Housing :

PLCs control the movement of stacking cranes ; high
turn around of materials requests in an automated
high cube vertical house is also provided . Aisle
conveyors and case palletizers are also controlled by

PLCs to reduce manpower requirements

significantly [1] .
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3.4.6. Automotive :

Internal Combustion Engine Monitoring :

PICs monitor engines through monitoring water
temperature , oil temperature + RPMs , torque , oil ,
pressure , and timing ; special sensors are located

at the internal combustion engine to acquire

data [1] .

Carburetor Production Testing :

PLCs are used to test variables such as pressure ,

vacuum , and flow to provide on-line analysis of

automotive carburetors in a production assembly

line. Significant reduction in test time ; greater

yield , and better quality are thus obtained [1)

Power Steering Assembly and Test :

PLCs are used to control machines that ensure proper

balance of valves and maximize left and right tuning

ratios [1] .

3.4.7. Manufacturing /-Machining :

Production Machines :

Control and monitoring of automatic production
machines at high efficiency rates is performed by

PLCs . Monitoring also encounters machine status and
piece count production (1] .

Wire Machines
The time and on / off cycles of wire drawing machines

are monitored using PLCs . Ramping control and
synchronization of electric motor drives are also

provided by the PLC system [1] .
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Tool Changing :
PLCs are used to control synchronous metal cutting
machines with several tool groups . Based on the

number of parts that a tool manufactures, the PLC

system keeps track of when to change the tool [1] .

3.4.8.Examgles :

(a) Conveying Systems :

Conveyor Dynamics , Inc. ( CDI .) in U.S.A.
has developed a modular approach to PLC programming
over several years of accumulated experience in
control of crushing and conveying systems . CDI has
many successful sites at Canada , Utah ¢+ Mexico ,
Arizona, and Chile in which PICs were used to
efficiently control conveying and crushing systems
{71 .

CDI has its own control philosophy that aims at
five major goals . First is to maximize system
safety. Second is to minimize commissioning down-
time. Third is to minimize production down-time and
maximize availability . Next is simplifying the
operator interface and control . ILast is providing
fast diagnostics .

Large conveyors control systems should be
precisely designed to insure safe operation ; dynamic
instabilities of the belt r belt drift in curve
conveyors , and fast natural acceleration of decline
conveyors under loaded conditions are points of issue

in such systems .

PLC control systems has proved to be efficient
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in this field : they provide precise control of
conveyor startup and stoppage sequences , they are
flexible to field customization and tuning , and they
are capable of monitoring the different components of
the system . Thus , a high level of protection is
quaranteed .

Smooth transitions from old existing relay
control systems to new PLC control systems can be
obtained by careful Planning , full simulation of the
control programs , and efficient debugging of
broblems , all of which are provided by the new PLC
systems . Thus commissioning down-time is reduced .
The development of a reliable ; complete
diagnostics systems leads to minimizing the
production down-time and r hence , maximizing system
availability . pIC systems are completely flexible
for such developments .

PLC systems can be interfaced to numerous
control panels , a combination of which provides a
user-friendly , efficient operator interface . Such
an operator interface would minimize training time

and operator errors .

Proper diagnostics of problems , a feature of

PLC systems , results in fast fault finding ; down-

time is minimized . It also helps organizing

preventive maintenance .

(b} Monitoring of -Analyzer Systems :

Syncrode Canada Ltd. is using PLCs in monitoring

the operation of different analyzer systems
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Abnormal operation conditions are detected and
corrective actions are taken to provide proper
operation (8] .

PLCs are used with flue gas analyzer
applications in which the status of the instrument
air supply status has to be recorded . Syncrode
Canada Ltd. is using PLCs in boiler control systems
to monitor inlet flow rate of both sample and
combustion air . Moreover + they are using PLCs with
analyzer systems to monitor steam quantity in a
hydrogen reformer plant .,

Syncrode Canada Ltd. is using PLCs due to their
flexibility and adaptability . However + it faces
some problems since operators are unfamiliar with
PLCs and ladder diagram . Many more applications of

PLCs in industry really exist , and much more

applications appear r €Very now and then , due to the

great facilities that PLCs provide

41

an - Center of Thesis Deposit




Chapter Four

Hardware Design

Based on the information in the previous chapter ,
the steps towards constructing a prototype PLC are
separated into two interrelated procedures to be carried
out in parallel . These are the hardware design and
software development and programming .,

Hardware design is concerned with the construction of
a hardware environment similar to that of the PLC . The
software procedure is concerned with the development of a
suitable software environment related to the hardware part
and similar to that of the PLC . This chapter is devoted to
the description of hardware design . Chapter five is
devoted to software development and programming .

As was described in chapter two , the PLC structure
is composed of two major parts TheVCentral Processing
Unit ( CPU ) and the Input / Output ( I/O ) interface .
Hardware wise , the construction of a prototype PLC calls

for the implementation of these two parts .

4.1. Central Processing Unit (CPU) -

A personal computer is used to provide the CPU part
of a PLC . As it has been previously mentioned , the CPU is
composed of three parts ; the processor , the power supply,
and the memory ; which are all provided by the personal
computer .

A personal computer with an 8086 or an 80286
microprocessor would be sufficient to operate the prototype
PLC since our expected applications in the C.I.M.

laboratory would never require a more powerful processor
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However , an 80386 or 80486 microprocessor based personal

computer can be wused , when needed , to get a higher

performance .

4.2. Input/Output (I/0) Interface :

Since the input / output interface éart of the PIC is
an application dependent part , a prototype discrete I/0
module is designed to provide twelve on / off output
signals at 115 VAC and twelve on / off signals at TTL

level . The I/0 module consists of two major parts : the

I/0 interface card and the power amplification card

Figure 4.1 is a block diagram of the I/0 module

implemennted .
: Peripheral Power
.| Buffer Decoding Devices AC
AL Amplification fg*=
Signal Stage Stage S o S e Signal

A ————————— Prototyps interfoce Cord ————————  _impiificetien Card—{"

Figure 4.1 Block Diagram of the I/0 Module .

The interface card is designed to be inserted in any
of the personal computer available card slots and is
considered to be a part of the personal computer . This
prototype card is designed to be used in all personal
computer models which use the 62-pin interface bus . This

includes the PC-XT and PC-AT . However , this card does not

support 16-bit data transfers in the PC-AT only B8-bit

T

data transfers are supported .

A DC / AC converter ( power amplification ) stage is
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designed to receive the output signals of the interface
card and , accordingly , provide AC signals capable of
driving AC loads . This stage represents , in addition to

the I/0 interface card + an I/0 module suitable for 115 VAC

applications .

4.2.1. Input-/-Output Interface Card :

The card is composed of three hardware stages :
(a) Buffer stage : the buffer stage is designed to protect
the personal computer from high current leakages and
voltage drops . All the address » data , and control lines
are buffered using line drivers and bus transceivers ,
thus, peripheral devices can be installed in the card
securely eliminating undesirable under-current conditions .
(b) Decoding stage : the decoding stage is designed to
decode the buffered address bus signals of the personal
computer to determine the peripheral device to be accessed.
The buffered control lines such as +AEN , -IOW , and -IOR
are also used in the decoding process . Decoding is
performed using a comparator + a decoder , AND gates , and
OR gates .
(c) Peripheral devices stage : this stage is designed to
have two peripheral devices ¢ these are the 8255A
Programmable Péripheral Interface ( PPI ) device and the
8253 Timer / Counter Circuit device . This stage allows for
future expansion of six more peripheral devices .

Table 4.1 shows a 1list of the components used to

build-up the interface card .

Figure 4.2 is a schematic diagram of the 1I/0

interface card.
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Table 4.1. Components of The Interface Card .

Component Quantity
74LS00  NAND Gates 2
74LS08 AND Gates 1
741585 Comparator 1
7415138 Decoder 1
7418244 Line Driver 2
74LS245 Bus Transciever 1
82554 PPI 1
8253 Timer / Counter 1
1 MHz Crystal 1
4 Position Dip Switch 1
10 Micro Farad Tantalum Capacitor | 2
0.1 Micro Farad Capacitor 5
4.7 kohm Resistance 5
1  Kohm Resistance 2
330 ohm resistance 1

4.2.1.1. Buffer Stage :

IC-1 (74LS245) is a bidirectional 8-bit bus
transceiver . It operates in a three-state mode and
controls the transfer of data between the 62 pin bus
and the unique circuitry on the card . The ‘Dir’ {pin
1 ) on the chip determines the direction of data
flow. If it is ’ Low ’ , data will flow from the card

circuitry to the interface bus ; if it is * High - ,
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data will flow from the interface bus to the card
circuitry . The * Output Enable ’ ( pin 19 } controls
data flow : when pin 19 ié 'Active Low’ , data will
be permitted to flow ; else + the 7418245 switches to
its ‘ third ’ state ( high impedance ) . The 74LS5245
data sheets are shown in Appendix B.1 [9] .

ICs two and three ( 74Ls244 ) are 8-bit wide
line drivers whose - Eﬁable * pins ( IG & 2G ) are
connected to ground . They always pass the bus
signals they buffer straight through since their

enable signals are ’ Active Low ‘ . Refer to Appendix

B.2 for the 74LS244 data sheets [9] .

4.2.1.2. Decoding Stage :

IC-4 ( 74LS85 ) is a four-bit comparator that
compares the signals’ levels arriving from their
logical sources , the address bus ( A8 -~ A5 ) and the
DIP switch , and outputs a ‘High’ signal (pin6) if
they are equal . This chip is enabled by the address
line ( A9 ) . The 74LS8% data sheets are shown in
Appendix B.3 [9] .

The sixteen different possible positions of the
DIP switch provides a wide range of addresses that
can be used to access the card . For example , if the
DIP switch is positioned at ( 1000 ) , then the range
of addresses available is Hex 300 - 31F . Similarly ,
if switch is positioned at (0000} then the range of
addresses available is Hex 200 - 21F . IC-5 (74LS138)

is a decoder that further decodes the address line

(A4 - A2) . Each of the selected outputs can be used
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to enable four consecutive addresses , using Al and

A0 . For example , when the DIP switch is positioned

at ( 1000 ) the ’ Select 1 ’ pin will be Active Low

for the address range Hex 304 - 307 .

The 74LS138 decoder is enabled when pin 4 (GZA)
is ’ Active Low ‘, this will occur if the following
conditions are met :

* Either -IOR or -IOW is active low '

* +AEN is low ,
* and the comparator output is High ’ (enabled) ,
thus , indicating the appropriate address selection .
Data sheets for the 74LS138 decoder are included in
Appendix B.4 [9] .

The same conditions are used to control data
flow in IC~1 . These conditions are controlled using
a combination of NAND / AND gates from ICs 8 and 9
(74LS00 and 74LS08 , respectively) .

4.2.1.3. Peripheral Devices Staqge :

Two of the selected outputs , ‘ Select 0 -
and ‘ Select 1 / , are used to chip select IC-7 and
IC-6 , respectively .

IC-6 is an 8255A Programmable Peripheral
Interface ( PPI ) chip that provides parallel data
transfer ( I/0 ) . It has 24 ( 3 ports A r B, and
C i 8 bits each ) I/0 lines which may be individually
programmed in two groups of 12 lines each and used in
three different modes of operation [10] .

Mode 0 , called ‘ Basic Input / Output ‘ mode ,

is implemented in this card in which each group of 12

I/0 pins may be programmed in sets of 4 as either
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input or output

Mode 1 , called ‘ Strobed Input / Output ‘ mode,

provides two 8-bit data ports that can be configured
to operate in either input or output mode in
conjunction with strobes or ‘ hand shaking *
protocols . Port C is divided into two parts , 4-bits
each , that work as control and status signals ports
for the PPI .
Mode 2 , called ‘Strobed Bidirectional Bus I/07,
provides the user with one 8-bit bidirectional port
accompanied with five control / status signals that
specify the instantaneous direction of data flow .

Mode 0 provides simple input and output
operations that require no hand shaking procedures .
It can be functionally defined as :
* Having two 8-bit ports , A and B , and two 4-bit
ports , C upper (PC4 - PC7) and C lower (PCO - PC3) .
* Any port can be input or output ; thus , sixteen
different I/0 configurations are possible .

* Outputs are latched .
*'Inputs are not latched .

This card uses configuration 12 in which both
ports A ( PA7 - PA0 ) and C upper ( PC7 - PC4 ) are
used as inputs , and ports B ( PB7 - PB0 ) and C
lower ( PC3 - PCO ) are used as outputs .

Figure 4.3 shows a block diagram of the PPI ; it
consists of the following blocks :

1- Data Bus Buffer { D7 - DO )

This is a three-state bidirectional 8-bit buffer
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Figure 4.3 Block Diagram of the PPT [10}

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



that is used to interface the 8255A to the system
data bus . Direction and time of data flow is
controlled by the MPU instructions . This bus is also
used to transfer control and status information .

2- Read , Write , and Control Logic :

Upon receiving address and control signals from
the Micro Processor Unit ( MPU ) , the control logic
block issues commands to the control blocks of both
groups , A and B , to manage the internal and
external transfer of data and control words .

This block includes the Chip Select ( CS ) pin
which , when ’ Active Low ‘ enables the 8255A . It
also includes the Read ( RD ) pin which allows the
CPU to read from the 8255A and the Write ( WR ) pin
which allows the CPU to write to the 8255A . The Port
Select 0 and Port Select 1 ( A0 and Al ) pins which ,
in coordination with the RD and WR pins control the
selection of one of the three ports or the control
word registers , are also included in this block .
Moreover , this block includes the Reset pin which ,
when ‘ Active High ’ , clears the control registers
and sets all ports ( A , B » and C ) to operate at
the input mode .

Table 4.2. shows the different ©possible

combinations of the control and address signals and ,

hence , the resulting operation .
3= Group A and Group B Controls :
These control blocks are loaded by the CPU with

control instructions that specify the functional
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Table 4.2 8255A Basic Operation [10] .

Al A0 RD WR CSs Operation

Input ( READ )

0 0 0 1 0 Port A -==---> Data Bus
0 1 0 1 0 Port B =-—=—=—- > Data Bus
1 0 0 1 0 Port ¢ ===~ > Data Bus

Output ( WRITE )

0 1 0 0 Data Bus -=---~ > Port A
0 1 1 0 0 Data Bus ------ > Port B
1 0 1 0 0 Data Bus --~---- > Port C
1 1 1 0 0 Data Bus ==---- > Control

Disable Function

X X X X 1 Data Bug =-=-= > 3-State
1 1 0 1 0 Illegal Condition

X X 1l 1 0 Data Bus ---—-- > 3-State

configuration of each port . Upon receiving signals
from the Read / Write Control Logic , each control
block issues proper commands to its associated ports.
Control Group A controls port A and C upper ( PC7 -
PC4 ) ; Control Group B controls port B and port C
lower ( PC3 - PCO } .

The control information is determined by a
control word transmitted by the CPU . Figure 4.4

shows the mode definition format of the control word.
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Our comtrol word for mode 0 configuration is
(10011000) .
4- Ports A, B, and C :

The PPI has three ports with the following
specifications :

Port A : One 8-bit data output latch / buffer and one
8-bit data input latch .

PORT B : One 8-bit data input / output latch / buffer
and one 8-bit data input buffer .

PORT C : One 8-bit data output latch / buffer and one
8-bit data input buffer (no latch for input) .

This port can be divided into two 4-bit ports
under the mode control .

Table 4.3 shows the PPI port definition format
at mode 0 operation .

IC-7 (B253) is a programmable interval timer /
counter that includes three identical 16-bit counters
which can operate independently in any of six
different modes . To operate a counter , an (8 / 16)
-bit count is loaded in its registg; and , on
command, it begins to decrement the count until it
reaches zero. At the end of the count it generates

a pulse that can be detected by the CPU at one of

its available interrupt requests ( IRQ6 ) or by any
available input port ( PC#5 of PPI is used in our
case ) . In addition , the count can be read by the

cpu while the counter is decrementing [10] .
Figure 4.5 is a block diagram of the 8253

timer / counter device ; it consists of the following
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CONTROL WORD

Do (O (D | D5} D,

GROUP B

PORT C (LOWER)
1= INPUT
0= OUTPUT

PORT B
1= INPUT
0= OUTPUT

MODE SELECTION
0= MODE 0
1= MODE 1

GROUP A

i

PORT C (UPPER)
1= INPUT
0= OUTPUT

00

PORT A
1= INPUT
0= OUTPUT

00= MODE 0
01= MODE 1

MODE SELECTION

1X= MODE 2

MODE SET FLAG
1= ACTIV

Figure 4.4 Mode Definition Format of the PPI [10]
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Table 4.3 Mode 0 Port Definition of The PPI [10] .

(D2=0,D5=0, D6 =0 ) .

A B Group A Group B
D4 D3 D1 DO Port A Port C # Port B Port C

(Upper) (Lower)

0 0 0 0 output output 0 output ountput
0 0 0 1 output output 1 output input
0 0 1 0 output output 2 input output
0 0 1 1 output output 3 input input
0 1 0 0 output input 4 output output
0 1 0 1 output ipput 5 output input
0 1 1 0 output input 6 input output
0 1 1 1 output input 7 input input
1 0 0 0 input output 8 output output
1 0 0 1 input output 9 output input
1 0 1 0 input output 10 input ocutput
1 0 1 1 input output 11 input input
1 1 0 0 input input 12 output output
1 1 0 1 input input 13 output input
1 1 1 0 ipput input 14 input output
1 1 1 1 input input 15 input input

blocks:

1- Data Bus Buffer :

This is a tri-state , 8-bit , bidirectional

buffer that is connected to buffered data bus of the
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Figure 4.5 Block Diagram of the 8253 Timer /

Counter [10] .
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CPU .
2- Read / Write Control Logic :

This block includes five important signals that
control the operation of the timer : first + the READ
(RD) signal that is connected to buffered -IOR signal
of the CPU and , when ’ Active Low ’, allows the CPU
to read from the 8253 + second , the WRITE (ﬁﬁ)
signal that is connected to the buffered -IOW signal
of the CPU , and , when ’ Active Low ’ , allows the
CPU to write to the 8253 i third , the Chip Select
(Eg) which , when ‘ Active Low + enables the CPU
access to the 8253 ; and last the Al and AQ signals
that are connected to Al and A0 of the MpU ta specify
the required counter control register to be accessed
. Table 4.4 lists the legic selection table of the
different timer registers .

3- Control Word Register :

The contents of this register are determined by

the MPU , and they specify the counter to be used ’

its mode and either a read or write operation .

4- Counters 1 , 2 r and 3 :

Each of these has two input signals , clock

( CLK ) and gate ( G ) , and one output signal (0OUT).
Each counter can count either in binary or BCD .
Figure 4.6.a clarifies the control word format .
Figure 4.6.b is the ’ select counter ‘ logic table .
Figure 4.6.c is the read / load logic table . Figure

4.6.d is the mode of operation format . Fiqure 4.6.e

is the binary / BCD selection format .
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Table 4.4 8253 Registers’ Logic Selection Table .

CS RD WR Al A0 Register Access
1 0 0 - 0 Load Counter No. 0
1 0 0 1 Load Counter No. 1
1 0 1 0 Load Counter No. 2
1 0 1 1 Write Mode Word

0 1 0 0 Read Counter No. 0

0 1 0 1 Read Counter No. 1

0 1 1 0 Read Counter No. 2

0 1 1 1 No-Operation 3-State
X x X X Disable 3-State

1 1 x x No-Operation 3-State

The 8253 timer / counter is set to operate in
mode 0 ( interrupt on terminal count ) ; this is done
by loading a specific control word into the control
register of the timer ( 01010000 ) . An external
clock signal is provided for the timer using a
special crystal circuitry in which NAND gates (IC-10)
are used . The ’ GATE - input ( pin 11 } is set
‘High’ to enable counting . The output ( pin 10 ) is
connected to PC#5 ( pin 12 ) of the the PPI . The
timing diagram for mode 0 operation is shown in
fiqure 4.7 .

The time period needed for any count is

determined by the clock rate of the crystal which is
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(a)
D7 D6 D5 D4 D3 D2 D1 DO
SC1 SC0 RL1 RLO M2 M1 MO BCD
(b)
SC1 sCo Select Counter
0 0 Select Counter 0
0 1 Select Counter 1
1 0 Select Counter 2
1 1 Illegal
(c)
RL1 RLO Read / Load
0 0 Counter Latching Operation
1 0 Read / Load Most Significant
Byte Only
0 1 Read / Load Least Significant
Byte Only
1 1 Read / Load Least Significant
Byte First , Then Most
Significant Byte
Figure 4.6. (a) Control Word Format |, ({b) Select
Counter , (¢) RL - Read/Load , (d) M - Mode , (e)

Binary / BCD [10] .

58

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



(d}

M2 M1 MO Mode

0 0 0 Mode 0
0 0 1 Mode 1
X 1 0 Mode 2
X 1 1 Mode 3
1 0 0 Mode 4
1 0 1 Mode 5

(e)

Binary / BCD Count Type

0 Binary Counter 16 Bits

1 Binary Coded Decimal ( BCD )
Counter ( 4 Decades )

Figure 4.6 Continued .

independent of the MPU ; thus , this interface card will

provide fixed timing operations independent of the MPU

Processing unit .

4.2.2. Power-Amplification-Card :

The power amplification card converts the TTL level
signal produced by the interface card into an AC signal

capable of driving AC loads . This is considered to be a DC
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|
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wa L |
« 3 o2 ¢
QUTPUT
{(INTERRUPT)

T R T P

GATE
5 2 1 o0
OUTPUT
(INTERRUPT) (m = 5)' J
St — e ————
A 8

A+B = m

Figure 4.7 Timing Diagram for Mode 0 Operation of the

8253 Timer / Counter Device [10] .

to AC power converter . This stage is implemented using a
single inteqrated circuit which is especially designed for
TTL to 115 VAC conversion . The chip MOC3031 , which is
manufactured by Motorola , can be analyzed into three major
components ( ports ) : 1- triac, 2- zero crossing circuit ,

and 3~ optical isolation . Figure 4.8 shows the internal

components of the MOC3031 .,

Thyristors are bistable semiconductor devices

Triacs are bidirectional thyristors capable of conduction
in either direction as suggested by the opposing arrow
heads shown in the device symbol (11) .

A triac has three terminals : 1- Main Terminal 1 ( MT
1) , 2- Main Terminal 2 ( MT 2 ) » and 3- Gate ( G ) . The

polarities of MT 1 and MT 2 are insignificant ; however MT

2 and MT 1 are sometimes called the anode and the cathode R
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Main
Anode @ 6 Terminal

Substrate
Cothode@ i @ Do Not Con_nect
Zero .
ne G Crossing |—b D Yomins
Circuit

Figure 4.8 MOC3031 Opto-Coupled Triac (1171 .

respectively , due to the naming convention followed in
other thyristors .
The triac is wusually thought of as two inverse

parallel connected Silicon Controlled Rectifiers ( SCR )

This can be simply represented by a symmetrical dashed
line passing vertically through the triac structure as
shown 1in fiqure 4.9 .

Figure 4.10 shows the voltage-current characteristics
of the triac . As can be seen , if the voltage potential
between the anode and the cathode exceeds the breakdown
voltage ( VBO ) then the device will switch from the high
impedance ( OFF ) state through a negative resistance

region to low impedance ( ON ) state . In the ON state v

the voltage drop across the triac is very small , about 1 -

1.5 Volts , and a high main terminal current is allowed to

flow through the device . For the triac device to keep in
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Figure 4.9 (a) Triac symbol , (b} Triac Structure

[11].

the / ON ’ state , the main terminal current must keep a
minimum value called ‘ Latching Current IL “.

Appendix C.l1 contains some term definitions and
performance parameters of the triacs .

The triac can operate in four modes , I+ , III+ '
I- , and III- [11] :
1- MT1 ( cathode } is negative with respect to MT2 (anode)
and the gate is positive with respect to MT1l . This mode is
called ( I+ ) mode .
2- MT1 is negative with respect to MT2 and gate is negative
with respect to MT1l . This mode is also called ( I- ) mode.
3- MT1 is positive with respect to MT2 and gate is positive
with respect to MT1 . This is also called ( III+ ) mode .

4- MT1 is positive with respect to MT2 and gate is negative
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Off State . IV(BO)O
1 k¥ I
Off State
Visoyo
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Quadrant il
MT2 negative
-7

Figure 4.10 Voltage-Current Characteristics of the Triac

[11] .

with respect to MT1 . This is also called ( III- ) mode .
The designation of modes I and III corresponds to
quadrants I and III of the V-I characteristics and the (+)

and (-} signs correspond to the polarity of the gate

terminal with respect to MT1 .

The sensitivity of the triac is best in { I+ } and

(III-) modes in which the MT2 and the gate current
polarities match . The operating modes in which both the
main terminal ( principal ) and gate current flow through

MT 1 in the same direction require less gate trigger
current ( more sensitive ) than the other two modes in

which the principal current and gate current oppose each
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other . Figure 4.11 shows the four modes of operation of

the triac with the corresponding current directions .

The break over voltage «can be greatly reduced
by injecting current at the gate terminal . However , when
the triac switches into the ON state , the existence of the
gate current becomes insignificant and the triac remains in
that state until the main terminal current is reduced
below the holding current wvalue . Note that the
triggering gate current can be either positive or negative
irrespective of the main terminal voltage . If the main
terminal current is reduced below the latching current
to a value called ‘ Holding Current IH ‘ the triac turns
OFF [117] .

Power converter operation is based mainly on the
switching of power semiconductor devices r a process that
will introduce current and voltage harmonics into the
supply system and on the output of the converters . As a
result , problems of distortion of the output voltage ,
harmonic generation into the supply system ' and
interference with the communication and signaling circuits
might appear . Hence , it is recommended that input and
output filters are introduced to the converter to minimize
the harmonic level . Figure 4.12 shows a generalized power
converter structure .

A triac usually switches from one state to another in
a small time interval . The rapid switch from high
impedance to low impedance state will cause a rapid rise of

the load current from zero to its final value each half

cycle ; electrical noise or Radio Frequency Interference
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Figure 4.11 Modes of Operation of the Triac [11]
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Figure 4.12 Generalized Power Converter Structure .
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( RFI ) is produced due to this rapid rise . The RFI is

radiated through air and is conducted through power lines ,

thus affecting other equipment tied to the same power
line . For resistive loads such as lamps, the peak load
current can amount to several amperes . The RFI problem

can be solved by using an inductance L which greatly
attenuates the high frequency components of the RFI by
limiting the rate of rise of the current . In addition '
the use of a capacitance which bypasses the high
frequency components of the RFI , prevents their
propagation into the power 1line . This is called an RFI
suppression network .

For high power applications , the load current is
much larger than few amperes ; the use of large bulky
inductors to suppress the noise is impractical . The
solution to the RFI problem is obtained through a complex
circuitry called ‘ Zero Voltage Switching ’ or ‘ Zero
Crossing Circuit -’ .

The basic principle applied in the zero voltage
switching circuit is to avoid the sudden high current jumps
associated with triac switching . This is simply
accomplished by turning the triac ON at the beginning of a
zero voltage crossing ; thus , the starting turn on current
is very small ( approximately zero ) .

The interface between thyristors and logic devices is
a process in which the logic level signal is interpreted as
a gate signal to trigger the device . Due to the electrical
noise produced in the circuit , erroneous signals might be

generated in the gating circuit .
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The CMOS ( Complementary Metal Oxide Semiconductor )
IC logic family is most suitable for such an interface due
to its high noise immunity . Noise immunity is a measure of
how much noise voltage can a device tolerate before
changing its output logic 1level unintentionally . Noise
immunity is quantitatively specified as a noise margin in
units of Volts . The CMOS IC logic family has a 45% of VDD
noise margin where VDD is the supply voltage . Note ,
however that TTL logic level devices have a low noise
margin and thus |, might not be suitable for such an
interface . However , due to the existence of the channel
resistance , equivalent to the DC resistance between
source and drain , the sink and the source current of the
CMOS gate is limited to a maximum value of 10 mA . This
current is not suitable for driving high power , AC loads
that require powerful triacs with high gate currents . The
solution to such a problem is to buffer the CMOS gate using
a transistor ; the CMOS signal drives the transistor which
will drive the triac [11] .

To compensate for the complex interface circuitry
mentioned above , an optocoupler is used to provide the
interface with a quarantee of high isolation between the
logic system and the line driver load . It works as an
input filter to the power converter and it protects the
logic system against any high voltage or current leakage .
Moreover , a high switching speed is provided .

Optocouplers , also known as Optically Coupled
Isolators ( OCI ) , consist of a light emitting device

r

usually Infra-Red Light Emitting Diode ( IRED } , and a
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photo detector , a light sensitive triac in our case . The
components are housed in a 1light excluding package |,
separated by a transparent insulation within the package .

Each PPI output signal is connected to a power
converter IC to provide the required power amplification .
The PPI output pin is connected to pin 1 of the MOC3031 IC
which represents the anode terminal of the IRED . Pin 2 of
the MOC3031 ( cathode of the IRED ) is connected to the
ground point of the logic system . On the other insulated
side of the power conversion IC the load is connected to
pin 6 ( MT 2 of triac ) of the IC ; pin 4 ( MT 1 of triac )
is connected to the AC power supply . Figure 4.13 shows the
MOC3031 connections with the PPI , load r and AC power
supply .

When the PPI output is latched to - High * , it
drives the IRED transmitter . These light emissions are
detected by the light sensitive gate and the triac is
switched ON allowing main terminal current passage through
the load . The triac remains in the ON state ( conduction
state ) as long as the PPI output remains ’ High ’ . If the
PPI input changes state , the triac will turn OFF
(commutate) with the next zero crossing of the AC 1load
current .

Twelve opto-coupled triacs ( MOC3031 ) are connected
to the output ports of the PPI . The TT1 level signals
provided by the PPI are converted into 115 VAC signals
capable of driving AC loads .

»
Appendix C.2 gives data sheets for the M0OC3031 opto-

coupled triac .
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4.3. Hardware ‘Setup -:

The prototype interface card includes two peripheral
devices , the PPI and the timer / counter device . These
are physically located at the addresses Hex 304 -~ 307 and
Hex 300 - 303 , respectively , by positioning the DIP
éwitch at ( 1000 ) .

At the startup of the personal computer , the ’Reset’
Signal goes ‘ High ‘ resulting in that all the PPI ports
will be in the high impedance state . After the ’ Reset
signal is removed , all the ports of the PPI are set up to
operate in the input mode [10] .

For the PPI to suit our application , operation in
mode 0 should be selected and the ports should be
configured to operate as mentioned in section 4.2. above .
This can be done by issuing a single output instruction
that loads the control register , located at Hex 307 , with
the value ( 10011000 ) .

When the Hex 307 location is addressed ; the address
line * A9 * is / High ‘; thus ; the comparator chip is
enabled . The comparator output is also enabled since the
(AB - A5) values match the corresponding values of the DIP
switch .

The set up step is a ‘ WRITE ' process ; the -IOW
signal is ’ Active Low ‘ . Hence , the outputs of the
logical gates ( ICs 8 and 9 ) are enabled ¢ thus enabling
the decoder ( 74LS138 ) and the bus transceiver {74L5245).
Accordingly , the bus transceiver allows data flow from the
CPU through the buffer stage , via the data lines to both

the timer and the PPI . However r the output of the
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decoder, ‘ Select 1 ‘ in this case , determines which
peripheral device is to be enabled to receive the
information sent via the data lines . The output of the
decoder is determined by the value of the address lines (A4
=~ A2) , which is (001) in the case of the PPI and ( 000 )
in the case of the timer. The -IOW is also buffered to the
" WR ‘ pin of both the timer and the PPI to designate a *
WRITE ‘ operation . Moreover , the address lines Al and A0
are also buffered to the Al and A0 pins of both the timer
and the PPI to specify which internal block of the chip is
to be accessed ; the control register is accessed in the
set up process since the address lines Al and A0 have the
value of ( 11 ) .

Similarly , the timer / counter device is set up
using a suitable control word that is loaded at the address
Hex 303 . In this case , the decoder ’ Select 0 ‘ signal is
’ Active Low ’ and the timer / counter device is enabled to
receive the control word sent via the data bus . Al and A0
have a value of ( 11 ) that specify the control register of
the timer . |

4.4. Reading The Input:-:

This activity includes accessing the interface card
at the locations Hex 304 ( port A of the PPI ) and Hex 306
( port C ( wupper}) } through a ‘ READ ‘ operation |,
transferring the input data via the data bus and through

the buffering bus transceiver to the CPU side , and storing

the input data bits in their corresponding allocated memory

bits .

Twelve inputs are available in our application ;
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these are physically connected to port A pins and port C
(upper) of the PPI . Two input instructions addressed to
Hex 304 and Hex 306 accomplish the sequence of steps needed
to access the interface card . The input process is a
‘READ’ activity that is similar in concept to the ‘WRITE-
activity mentioned above; however r the -~IOR signal is
‘Active Low ‘ during the ’ READ - activity rather than the
-IOW signal ., When ‘ Active Low + the -IOR signal
reverses the direction of data flow through the bus
transceiver ; data are transferred from the peripheral
device , via the data bus + through the bus transceiver ’
and to the CPU side of the interface .

4.5. Updating The Outputs :

This activity includes reading the output data bits
from their corresponding allocated memory bits , accessing
the interface card at locations Hex 305 and Hex 306 ( port
B and port C ( lower ) of the PPT } through a * WRITE -
operation and transferring the output data from the CpU
through the buffering bus transceiver via the data bus to
the data buffers of port B and port C ( lower ) .

Since ten outputs are needed in our application
( Mercury robot ) , two output instructions have to be
performed . The first output instruction directs eight
output data bits to port B at location Hex 305 via the 8-
bit data bus available . The second » directs the remaining
two output data pins to port C ( upper ) at the location
Hex 306 .

In concept , updating the outputs is a ’ WRITE -

process similar to setting up the devices ; however , the
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type of data sent via the data bus and the addresses at

which the data is sent differ .

T4

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



Chapter Five

Software Desiqgn

The software design is concerned with the development
of a ’ Boolean Language ‘ environment that fécilitates
writing user programs in a simple user friendly manner and
of a software program that will simulate the scanning
process performed by the PLC . Set up of the different

peripheral devices and configuration of the memory are

performed by the software component .

5.1. Programming -Lanquage- Used - :

Turbo Pascal version 6 ( TP=V6 ) is selected to
implement the software Programming required . It is a third
generation , procedural programming lanquage that supports
object-oriented programming facilities . TP-V6 is selected
due to the following reasons :

1) its efficiency in dealing with boolean logic and in
performing bitwise operations ‘

2) the easiness through which different input / output
devices can be accessed '

3) the powerful built-in library provided by TP-vé , and

4) TP-V6 provides an object-oriented application framework
for windowing programs ; this is called Turbo Vision .
Through Turbo Vision ’ sophisticated ’ consistent
interactive application can be built in a short time . This
can be useful for future development of an interactive user

environment for the PLC (123 .

5.2. Menu- Svstem-:

A simple menu system was developed with five
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operations ; fiqure 5.1 shows the menu options provided for

the user . The menu system can be encountered by typing

‘MENU’ at the operating system ( DOS ) prompt .

Main Menu

1- Open File

2— Translate/Compile File
3— Run File

4— Exit

Figure 5.1. Menu system options .

Through selecting one of the five options provided ,
the user can open a user-program file , translate a user-
program file into Pascal code , compile a Pascal program ,
run a compiled program , and / or exit the menu system .

5.3. Boolean Lanquaqge :

The Boolean Language is a basic level lanquage for
the PLC that consists of a set of boolean operators such as
AND, NOR , and OR and a set of mnemonic instructions that
completely compensates for the different functionalities of

the ladder diagram instruction set [l1] . Texas Instruments
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Model 510 PLCs use Boolean Language for user programs .

A Boolean Language environment is developed using
TP-V6 ; this environment facilitates the entry of user
programs through a three-letter mnemonic set which are ,
then , translated to Pascal statements to be compiled and
executed.

A new user program can be entered by selecting
option #1 in the menu system + Which is ’ Open File ’ . The
user will be tfansferred to the Integrated Development
Environment ( IDE ) of TP-V6 through which the user can
open a file , write his program and save it . The user
program file should follow the DOS naming rules and must be
ended with the extension < .prc -+ . This environment is
also used for making changes on any previously created
files . Upon ~ Exiting / this development environment |,
the user will be provided with the menu system again .

Table 5.1 shows a 1list of the Boolean Language
operators and mnemonics implemented . This instruction set
can be further developed and enhanced to provide other
functionalities that might be needed in  certain
applications . Section 5.7. is devoted to describe the
Boolean Language rules .

5.4. User'Proqram-Translatioanomgilation :

After a user program is entered and saved in a
Boolean Language code + it should be translated into a
Pascal code with which the other parts of the developed
software can communicate . This can be done by selecting
the option #2 in the menu system , which is ‘ Translate

File -,
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Table 5.1 Boolean Language {Mnemonics and Operators)

Mnemonic Function

STR Start

AND And Point

OR Or Point

AND NOT And Not ( NAND ) Point

OR NOT Or Not ( NOR ) Point

ouT Energize Coil

OUT NOT De-energize Coil

TMR Timer

ENT Enter Preset Value For Timer
RST Reset Timer to Zero

MCR Master Control Relay

END End of Master Control Relay

The translator program prompts the user to enter the
name of the file to be translated and the name of the new
translated destination file , both of which must be entered
without extensions . The extensions ’ .PLC ’ and ’ .PAS *
will be provided by default for both files , respectively .

During the translation process P the user

‘filename.PLC’ program is checked for any syntax errors ,

the boolean code is translated into Pascal code , and a new

intermediate file ’ filename.PAS ’ is created in which the

new Pascal code is written .

Syntax errors in the user programs are checked
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according to Boolean Language rules . Upon detecting a

syntax error , a suitable error message is displayed that
indicates the type of syntax error and the line at which it
is detected ; the translation process is , then , ‘Halted’.
If there were no syntax errors detected , the translation
is completed successfully resulting in Pascal code ’
corresponding to the translated boolean code, that will be
written in a temporary file for further processing .

Actually , the translated Pascal code is not a
complete program that can be compiled and executed ; it is
only a group of properly coded Pascal statements that will
constitute a part of a procedure in another Pascal program.
Merging of Pascal code is done in a way that the merged
product will be a wvalid Pascal program ; this is done
automatically by a program called ’ COMBINE ‘ .

The ‘ filename.PAS ’ resulting from the merging
process is a syntactically valid Pascal program that should
be compiled and run .

After a user program file is translated and merged
into a proper Pascal program , compilation is required to
get an executable file to be run . Compilation is done ,
actually , by calling the TP-V6 compiler to compile the
* filename.PAS * file into ‘ filename.EXE ‘ file which
contains executable code .

The user should not face any problems during the
compilation stage supposing that the user boolean program
was properly translated and merged .

5.5. Running a User Proqram -:

Running the user programs is , actually , using a
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prototype PLC to control a certain process according to

logical rules and instructions implied in the user program.
Selecting option #4 in the menu system , which is “ Run
File * , will load the filename.EXE ‘ file into the
memory to be executed . The user is prompted to enter the
hame of the file to be run ; a default extension of ‘.EXE’
is assumed .

Figure 5.2 outlines the stages used to implement a
user program for the prototype PLC starting with opening a
file and ending with running that file

The loaded executable file will mainly perform two

operations :

1- Memory configquration and peripheral devices setup .

2- Scanning .

5.5.1. Memory Confiquration and Peripheral Devices Setup :

The memory of the prototype PLC is configured by
allocating the memory bits that correspond to both the real
physical outputs and inputs of the system ; and by
allocating the required memory to represent the internal
outputs and timers . Memory allocations for the different

program variables is also performed and initialization of

all the above mentioned memory space is done

The prototype card peripheral stage contains two
peripheral devices that should be set up in specific modes
of operation to suit the application . This is done at the
startup of the prototype PLC . When the personal computer
is switched ON or reset + the operating system sets up the
different hardware configurations to work in certain

specific modes of operation . For example , the main memory
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(open Fi@
]

( Translatej

Yes Syntax
Errors

[ Compile j

Yes Syntax
Errors

(Run)

r
End

Figure 5.2 Implementation Stages of a User Program.

is configured and the serial port is set up to work at a

certain specified dual rate .

When the ‘ Reset ‘ signal of the PPI goes ‘High’ , at

startup or reset of the personal computer , all the ports
of the PPI will be in the high impedance state . After the

* Reset ’ signal is removed , all the ports remain in the
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input mode (10] .

The software is designed to set up the PPI to operate
in mode 0 with the different ports configured to operate as
mentioned in the Hardware Design chapter above ; i.e , port
A and port C ( upper ) are designed as input lines and port
B and port C ( lower ) are designed as output lines . This
can be done using a single output instruction that loads
the control register of the PPI addressed at Hex 307 with
the value ( 10011000 ) .

The software is also designed to set up the 8253
timer to operate in mode 0 , namely , interrupt on terminal
count. This is done using a single output instruction that
loads the control register of the timer  addressed at Hex
303 , with the value ( 01010000 ) .

5.5.2. Scanning-:

The ’ Scanning ’ process is a continuous activity

that reads the inputs , executes the user program , and

updates the outputs in an interactive manner . It also

provides , apparently , " parallei execution " of user

program statements .

5.5.2.1. Reading The Inputs :

This activity includes accessing the interface
card at the addresses of port A and port C ( upper ),
Hex 304 and Hex 306 respectively , through a * READ
operation , transferring the input data via the data
bus and through the buffering stage to the CPU . The
input data bits are stored in their corresponding

allocated memory bits . These bits represent the real
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physical inputs of the system .

Since only 8-bit data transfers are supported ,
two input instructions are needed to read twelve
inputs . The first instruction reads port A , thus ,
8 input bits are read in parallel . The second reads

the 4-bit input data at port C .

5.5.2.2. Executing The -User -Progqram- :

The user program statements are combinations of
boolean inputs that determine the states of specific
outputs . The boolean inputs are evaluated using the
corresponding allocated memory locations , and the
internal bits corresponding to the outputs are
updated accordingly .

When the user program logic activates a timer
with a certain preset value , the prototype card is
accessed at the location of the first timer , Hex
300, and loaded with the preset value . Down counting
starts and continues till the count value equals 0 ;
the allocated memory location corresponding to that
timer is set ’ ON ‘, accordingly .

Simulation of " parallel statement execution "
is accomplished by performing two passes on the user
program logic . Thus , no matter where the user
statement is located in the program

;, it is treated

correctly and its result is reflected on the other

related program statements .
Appendix D.1 is a program listing of the
prototype PLC basic Pascal program which represents

the ’ Executive ’ . Program ‘ PLC.PAS ’ is written in
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a modular format with each module ( procedure )

performing a specific , well-defined task indicated '

normally , by its name .

This program provides for :

1~ twelve physical inputs addressed at 1 - 8 and

101 - 104 ,
2- twelve physical outputs addressed at 11 - 18 and
113 - 116 ,

3- thirty-two timers addressed at 901 - 932 , and
4- one~-hundred-sixty-eight internal outputs addressed
at 701 - 868 .

The procedure ‘' Read Inputs ‘ is responsible for
reading the physical inputs addressed at Hex 304 and
Hex 306 . It is also designed to detect any input
changes that might happen during time delays .

The * Get Flag * is .a boolean function
frequently invoked by the ’ Executive ’ to check the
value of any of the internal memory bits representing
the different inputs , outputs , timers » and / or
internal outputs . ‘ Get_Flag ’ is ’ TRUE ’ if the
memory bit is © ON / ( 1 ) ; it is ’* FALSE * if the
memory bit is / OFF - ( 0 ) .

Procedure ’ Set Flag ‘ is also used frequently
by the ’ Executive ‘ to set the different allocated
internal memory bits to either * ON or ’ OFF -
according to the user program logic .

* Timer_ Off ’ is a boolean function with a
‘TRUE’ value indicating end of count of the 8253

timer / counter device .
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Procedure ‘ Set Timer ‘ initializes a time delay
according to a ’ Preset ‘ value determined by the
user program . It loads the 8253 timer / counter
device with the preset value and waits for the timer
output response . Meanwhile , it detects any changes
at the input state . When the time period elapses ,
the internal memory bit representing the timer is set
fON 7 .

Procedure ’ Update_Outputs ’ is responsible for

updating the physical outputs at the end of the scan

cycle .

As it is implied by its name , the procedure
’Exec_User’ contains the user program translated
Pascal statements . These are embedded into the
'PLC.PAS’ program by the ’ COMBINE.PAS program .

The set up process is performed by the procedure

* Initialize * .

The ‘ Executive ‘ starts with initializing the

memory and peripheral devices . Next , scanning is
performed ; it continues until any key press is
detected .

5.5.2.3. Updating The Outputs :

This activity includes reading the output data
bits from their corresponding allocated memory bits
and accessing the interface card at the location of
port B and port C ( lower ) of the PPI r Hex305 and
Hex306 respectively , through a ’ WRITE - operation .
The output data bits are transferred from the CPU

through the buffering stage via the data bus to the
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data buffer of ports B and C ( lower ) .

Since only 8-bit data transfers are supported ,
two output instructions are used : the first directs
8 output data bits to port B , addressed at Hex 305 ,
and the second , directs the remaining output data
bits to port C ( lower ) , addressed at Hex 306 .

5.6. Boolean-Lanquaqge -Rules :

Figure 5.4 shows the syntax diagrams for the Boolean
Langauge instruction set implemented . To read a syntax
diagram , follow the arrows .

To write a user program in Boolean language , the
following rules should apply :

1- Each mnemonic should exist on a separate line with its
operand . This command line represents a part of a full
command line consisting of one or more command lines . A
full command line is equivalent to a rung in the ladder
diagram .

2- A new full command line starts with one of the following
mnemonics : STR , ENT , or END .

3- To continue with a started full command line ' AﬁD or OR
mnemonics can be used repetitively to include related
conditions . A limit exists on the number of nested ORings
allowed , which is five .

4- To end a full command 1line + one of the following
mnemonics is used : OUT , TMT , RST , or MCR .

5~ The NOT operator is not allowed to be used with the
mnemonics TMR , RST , ENT , and END .

6- A full command line ended with a TMR command line should

be followed by a command 1line containing the ENT mnemonic
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{(a) Command Line Syntax

Mnemonic — - =~ Operand

(b) Mnemonic

Start Mnemonic I hnl

Operator

End Mnemonic

(¢) Start Mnemonic

Figure 5.4 Syntax Diagram of Boolean Instruction set.
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(d) Operator

!

(e) End Mnemonic

{
g)

0

C

(f) Operand

006

!

Input Coil

¢

Praset Valus

hodg

Figure 5.4 Continued .
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to specify the preset value of the timer .

7- Each timer should be reset at some point in the program
by an RST command line .

8- Fach Master Control Relay ({ MCR } command line should be
ended some point later in the program by an END command
line . Nesting of MCRs is not allowed .

9- No limits , except‘those imposed by memory , are imposed

on the number of full command lines used in the user

program .

5.7. Program’s: Listing

Appendix D.2 gives a listing of ’ MENU.PAS ’ program.
Appendix D.3 gives a listing of the - TRANSLATE.PAS *
program . Appendix D.4 gives a listing of the ‘COMBINE.PAS’

program .

Table 5.2 is a list of the source and object code

sizes , in bytes , of all the programs developed .

Table 5.2 Sizes ( in Bytes ) of Programs Developed

Program Name Source Code Object Code
Size ( Bytes ) Size ( Bytes )

PLC 6667 8480

TRANSLATE 11829 11644

COMBINE 2299 6400

MENU 2625 6208
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Chapter six

Testing -‘And Equipment

The prototype PLC is tested for proper operation
using different programs . The testing process consists of
two phases : 1- testing the basic operation of the PIC
using a simulation board, 2- and testing the real operation
of the PLC using the traffic light board through the power
amplification stage . This is discussed in sections 4 and
3, respectively .

The following two sections include a list of the PILC
components and a cost estimation of the project .

6.1. PLC -Components -:

Table 6.1 shows a listing of the components used to
implement the different PLC stages ; the cost of each part
is also included .

6.2. Cost Estimation :

Provided that the design of the PLC is made and that
the software developed is available r the cost of
construction of a pPIC using a personal computer and a
suitable I/0 module would be , simply , the cost of the
components used in constructing the PLC plus the man-power
cost ,

On average basis , the soldering of parts and
wrapping of wires for the basic interface card is ten man
hours . The construction of the power amplification stage
is eight man hours .

Assuming that one man hour costs five J.D.s , the

man-power cost would be 90 J.D.s to construct both the
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Table 6.1 Components Listing .

No. Item Description # of Cost/Item Total Cost
Items ( J.D, ) { J.D. ) "5;
=
Interface Staqge E%
1 JDR-PR2 Card 1 22.00 22.00 ég
2 IC Sockets 8 00.20 01.60 ks
3 Wire Wrapping Sockets 3 03.00 09.00 EE
4 Line Drivers 7418244 2 01.20 02.40 é%
5 Bus Transceivers 1 01.20 01.20 é
74LS5245 o
6 NAND Gates 74LS00 3 00.50 01.50 <3
7  AND Gates 74LS08 1 00.50 00.50
8 Comparator 741585 1 .60.60 00.60
9 3*8 Decoder 74LS138 1 00.70 00.70
10 4-Position Dip Switch 1 01.25 01.25
11 Timer / Counter 8253 1 04.00 04.00
12 Programmable Peripheral
Interface PPI 82553 1 05.00 05.00
13 Crystal 1 MHZz 1 05.00 05.00
14 4.7 Kohm Resistors 5 00.05 00.25
15 1 Kohm Resistors 2 00.05 00.10
16 330 ohm resistor 1 00.05 00.05
17 10 micro Farad Tantalum 2 00.25 00.50
Capacitors
18 0.1 micro Farad Capacitors 5 00.25 01.25
19 Wrapping Wires 3 08.00 24.00
20 1 Meter Ribbon Cable 1 03.50 03.50
continue




Table 6.1 Continued

No. Item Description

# of Cost/Item Total Cost

Items ( J.D. ) ( J.D. )
21 25-pin Connection
( Plug-Socket ) 1 01.50 01.50
22 Ribbon Cable Socket 1 02.50 02.50
Sub Total 88.90
Power Amplification Stage
1 Opto Coupled Triacs 12 00.75 09.00
MOC3031
2 Connector ( Plug ) 1 01.00 01.00
3 Connectors ( Socket } 10 00.60 06.00
4 Board Case 1 03.00 03.00
Sub Total = 19.00
Central Processing Unit
1 Personal Computer 80286 1 400.00 400.00
Sub Total = 400.00
Total = 507.90

interface circuit and the power amplification stage .

The total cost will be :

Total Cost = cost of components + man-power cost
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Total Cost = 507.90 + 90.00 = 597.90 J.D.s

Note that the man-power cost can be reduced by
manufacturing batches of printed circuit boards ( PCBs )
with the proper design .

6.3. Testing-Basic-Operation-:

A simple simulator board is constructed to test the
basic operation of the prototype PLC at TTL level . The
board is designed to simulate a discrete input stage
represented by eight switches , and a discrete output stage
represented by ten Light Emitting Diodes { LED’s ) . The
above mentioned combination of eight inputs and ten
outputs is selected with the Mercury Robot application in
mind . With the existence of a suitable voltage level ,
the program tested using the simulator board can be used to
control the Mercury Robot .

The operation of the pPrototype PLC is tested using
different user programs that wvalidate the proper

functionalities of both the hardware and software aspects

of the pPLC .

Appendix E.l gives a listing of a user program used

to test the PLC functionality .

6.4, Traffic Light System-:

The PLC is tested for proper operation at a higher
voltage level ( 115 VAC ) using the traffic light simulator
that was constructed at the Jordan University C.I.M.
laboratory . Since the voltage operation level is 115 VAC v

the constructed power amplification stage is used to

provide the DC / AC conversion .

A previously written user program for the traffic
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light system 1s translated into Boolean lanquage and run to
check for any problems in the prototype PLC ; the prototype
PLC showed consistent operation . Appendix E.2 gives a
listing of the traffic light system user program written
using the boolean language .

6.5. Conclusions-:

The analysis , design , and construction of a
prototype PLC is a basic step towards building robust
knowledge in the automation field ; the amount of
experience accumulated in the process is worth the effort .

The prototype PLC is considered to be a small PLC for
the following reasons :

1- It can work with an 8-bit processor .

2- It is expandable to have 280 I/O points .

3- A maximum of twenty KBytes of memory is adequate for
most of user programs .

4- It has a scan time of around 6 ms .

5- It provides for Boolean Lanquage including timers and
master control relays .

The prototype PLC can be further developed in terms
of hardware and software :

1- Different I/O modules can be constructed ; for example ,
analog I/0 modules .

2~ A central processing unit { CPU ) can be constructed in
accordance with a power supply to provide for a dedicated
PLC .

3- Proper manufacturing of reliable printed circuit boards
( PCBs ) that will survive the industrial environment can

be established .
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4- Further development of the Boolean ILanguage to include
sequencers , drums , counters , etc . is of wvital
importance .

At last , I would like to emphasize that we are
aiming at accumulating sufficient knowledge about the
environment we are dealing with . This is the basic step
towards building good industrial basis for future
development . The deeper our knowledge is , the greater our
abilities to maintain , enhance , and further develop our

environment , and the wider is the rocad heading to the

future .
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APPENDIX A

APPENDIX A.1

Table A.l1.1 Typical Standard Features of Small

PLCs [1] .

- Up to 128 I/0 .

4- or 8- bit processor .

Relay replacing only .

Memory up to 2K words.

Digital I/0 .

Local I/0 only .

Ladder or Boolean Language only .
Timers/Counters/Shift registers (TCS) .
Master Control Relays .

Drum Timers or Sequencers .

Generally programmed with hand-~held programmer .
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APPENDIX A.2

PICs

Table A.2.1 Typical Standard Features of Medium Size

[y .

Up to 1024 I/0 .
8- bit processor .
Relay replacing and analog control .

Typical memory up to 4K words .
Expandable to 8K .

Digital I/0 .

Analog 1I/0 .

Local and remote I/O0 .
Ladder or Boolean language .
Functional block/high level language
TCSs .

MCRs

Jump .

Drum Timers or Sequencers .
Math capabilities .

~ Addition

=~ Subtraction

Multiplication
~ Division

Limited data handling .

- Compare

- Data conversion

- Move register/file
- Matrix functions

Special function I/0 modules .

continue
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Table 2 Continued .

- RS~232C communication port .
- Local Area Networks ( LANs ) .

= CRT programmer .
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APPENDTIX A.3

Table A.3.1 Typical Standard Features of Large
PLCs [1] .

- Up to 2048 I/0 .

- 8- or 16- bit processor .

- Relay replacing and analeg control .

- Typical memory up to 12K words ; Expandable to 32K .
- Digital 1I/0 .

- Analog I/0 .

~ Local and remote I/O .

- Ladder or Boolean language .

~ Functional block/high level language .
- TCSs .

-~ MCRs .

= Jump .

= Drum Timers or Sequencers .

- Math capabilities .

- Addition - Subtraction
~ Multiplication - Division
- Square root - Double precision

- Extended data handling .

- Compare

- Data conversion

- Binary tables

- ASCII tables

- Move register/file
- Matrix functions

- Block transfer

continue
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Table A.3.1 Continued .

= Special function I/0 modules .
~ PID modules or system software PID

= One or more RS-232C communication port .

Local Area Networks ( LANs ) .

- Host computer communications modules .

= CRT programmer .
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APPENDIX A.4

Table A.4.1 Typical Standard Features of Very Large

PLCs [1] .

- Up to 8192 1/0 .
- 16- bit processor or multi-processors .
- Relay replacing and analog control .

- Typical memory up to 64K words ;
Expandable to 128K .

- Digital I/0 .
- Analog I/O
- Remote analog I/0 .
- Remote special modules .
-~ Local and remote I/O .,
-~ Ladder or Boolean language .
- Functional block/high level language .
- TCSs
- MCRs .
- Jump .
- Subroutines , interrupts .
- Drum Timers or Sequencers .

- Math capabilities .

- Addition - Subtraction

- Munltiplication - Division

- Square root - Double precision
- Floating point - Cosine functions
- Powerful data handling

-~ Compare - Data conversion

continue
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Table 4 Continued .

- Move register/file
= Block transfer
= ASCII tables

- Matrix functions

- Binary tables
- LIFO

~ Special function I/0 modules .

~ PID modules or system software PID

- Two or more RS-232Ccommunication port

Local Area Networks ( ILANs ) .

= Host computer communications modules .

- Machine diagnostics .

= CRT programmer .

- FIFO
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APPENDIX B

APPENDIX B.1

Following are the data sheets of the 74LS245 bus

transceiver chip ., Figure B.l.1 is a pin diagram of the

chip .
PIR [ = 1 vec
a1 O 1 &
Az [ 1 B1
az [ '] B2
ad [ ] B3
As Il B4
A ] 1 BS
A7 O 7 B&
a8 O ] B?
GND [7 74Ls245 ] B8

Figure B.1.1 Pin Diagram of the 74LS245 [9]

These octal bus transceivers are designed for

asynchronous two-way communication between data buses . The

control function implementation minimizes external timing

requirements .

Table B.1.1 is a function table of the 741,5245

'
table B.1.2 indicates the recommended operating conditions

of the 74LS245 ,
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104

Table B.1.1 Function Table of the 74L5245 [9] .

Enable Direction Control Operation
G Dir
L L B Data to A Bus
L H A Data to B Bus
H X Isolaticn

Table B.1.2 Recommended Operating Conditions of the
7418245 [9)

Parameter Min. Nom. Max. Unit
Ve 4.75 5 5.25 v
-15 mA

Tox
IOL 24 ma
-]
TA 0 70 (o
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APPENDIX B.2

Following are the data sheets of the 74LS244 line

drivers . Figure B.2.1 is a pin diagram of the chip .

16 O ] vec
a1 1 282
2v4 [] ] ty1
1az2 (d ] 2n4
2y3 [ 1 1v2
1Az [ ] 2a3
2v2 [ 1 1v3
1a4 [ 1 2az
2v1 [ ] 1vs
GND [ 74LS244 [] 21

Figure B.2.1 Pin Diagram of the 74LS244 {91 .

These octal buffers and line drivers are designed

specifically to improve both the performance and density

of three-state memory address drivers , clock drivers '

and bus oriented receivers and transmitters . These
devices feature high fan-out » improved fan-in , and 4000
micro Volts noise margin .

Table B.2.1 indicates the recommended operating

conditions of the 74LS244 .
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Table B.2.1 Recommended Operating Conditions of the

7418244 [9] .

Parameter Min. Nom. Max. Unit
Veo 4.75 5 5.25 V'
VIH 2.00 v
VIL 0.8 v
IOH -15 mA
IOL 24 mA
TA 0 70 c
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APPENDIX B.3

Following are the data sheets of the 741585

comparator . Figure B.3.1 is a pin diagram of the 741385 .

B3 O U ] Vvec
a<gin [ ] A3
A=Bin [ ] B2
A3Bin [ 1 A2
A>Bout [ (1 AL
A=Bout [ ] Bt
A<Bout [ ] Ao
GND 0 veLses ] Bo

Figure B.3.1 Pin Diagram of the 74LS85 [91 .

These four bit magnitude comparators perform
comparison of straight binary and straight BCD ( 8~4-2-1 )
codes . Three fully decoded decisions about two 4-bit words
( A and B ) are made and are extremely available at three

outputs .

Table B.3.1 is a function table of the 741585 : table

T
B.3.2 indicates the recommended operating conditions of the

741585 ,
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Table B.3.1 Function Table of the 74LS85 [92]

Comparing Inputs Cascading Inputs Outputs
A3,B3 A2,B2 Al,Bl A0,B0 A>B A<B A=B |[A>B A<B A=B
A3>B3 X X X X X b4 H L L
A3<B3 x x b 4 X x x L H L
A3=B3 A2>B2 X b4 X X X H L L
A3=B3 A2<B2 X x x x X L H L
A3=B3 A2=B2 Al>Bl X X X X H L L
A3=B3 A2=B2 Al<Bl X X b 4 X L H L
A3=B3 A2=B2 Al=Bl A0>B0 X X X H L L
A3=B3 A2=B2 Al=Bl RAO<BO x X X L H L
A3=B3 A2=B2 Al=Bl1 A0=B0 H L L H L L
A3=B3 A2=B2 Al=Bl A0=R0 L H L L H L
A3=B3 A2=B2 Al=Bl1 A0=B0 L L H L L H
A3=B3 A2=B2 Al=B1l A0=B0 X b’ H L L H
A3=B3 A2=B2 Al=Bl A0=B0 H H L L L L
A3=B3 A2=B2 Al=Bl A0=BO L L L H H L
H = high level ; L = low level X irrelevant
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Table B.3.2 Recommended Operating Conditions of the

741585 [9] .

Parameter Min. Nom. Max. Unit
Vee 4.75 5 5.25 v
I -400 mA

OH
IOL 16 mA
)
TA 0 70 C
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APPENDIX B.4

Following are the data sheets of the 7418138 decoder.

Figure B.4.1 is a pin diagram of the 7415138

a In = ]  vec
B O 1 Yo
c (N 1 v1
cz2a [ T vz
ez [J 1 s
a1 [ 1 va
y7 [ ] s
GND [ 7aLs138 [ ve

Figure B.4.1 Pin Diagram of the 7415138 (9]

These Schottky-clamped TTL MSI circuits are designed
to be used in high-performance memory decoding or data-
routing applications requiring very short propagation delay

times ., All these decoders feature fully buffered inputs

r
each of which represents only one normalized load to its

driving circuit .

Table B.4.1 is a function table of the 74LS85 : table

’

B.4.2 indicates the recommended operating conditions of the

741585 .
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Table B.4.1 Function Table of the 7415138 [97] .

Inputs Outputs
Enable Select
G1 G2* B A Y0 Y1 Y2 Y3 Y4 Y5 Y6 Y7
b o H X X X H H H H H H H H
L X X X x H H H B H H H H
H L L L L L H H H H H H H
H L L L H H L H H H H H H
H L L H L H H L H H H H H
H L L H H H H H L H H H H
H L H L L H H H f L H H H
H L H L H H H H H H L H H
H L H H L H H H H H H L H
H L H H H H H H H H H H L

*G2 = G2A + G2B i H = high level

X = irrelevant .

-

L = low level

4
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Table B.4.2 Recommended Operating Conditions of the

74LS138 [9)

Parameter Min. " Nom. Max. Unit
Vee 4.75 5 5.25 v
Vig 2.00 A
VIL 0.8 A
Iog -1 mA
Iom, 20 mA
Ty 0 70 °c
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APPENDIX C

APPENDIX C.1

Following are some of the Silicon Controlled

Rectifiers ( SCRs ) and Triac term definitions and

performance parameters [13] :

- On-state current p IT(AV) :

This is the average on-state current at a specified
temperature . These data are normally quoted for a

half-sine wave .

- RMS current , IT(RMS)

This is the root-mean-square value of on-state
current. It signifies the heating effect due to (IzR)
dissipation and is limited due to thermal stress on

device .

=~ Nonrepetitive rate of rise of on-state current , di/dt :
This is the maximum rate of rise of on-state current

which the thyristor can withstand without being
destroyed .

= Maximum repetitive peak reverse voltage , VRRM :

This value defines the maximum permissible
instantanecus value of repetitive applied reverse

voltage that a thyristor can block

= Maximum nonrepetitive peak reverse voltage , Vesy °

This is the maximum instantaneous peak voltage of
applied reverse voltage under transient conditions

and for a specified time duration . Vesy is typically

15% above VRRM .
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- Maximum repetitive peak off-state voltage , VDRM ¢

This value defines the maximum permissible
instantaneous value of repetitive applied forward
voltage that a thyristor can withstand .

- Maximum nonreptitive peak off-state voltage , VDSM :

This is the maximum instantaneous peak value of
applied forward voltage under transient conditions

and for a specified time duration . V is typically
DSM

15% above VDRM .

- On-state Voltage Drop , Vo ¢

This is the instantaneous value of on-state voltage drop

and is dependent on the junction temperature T . Vo can
J

be considered as being made up of : ( 1 )} a value which is

independent of the forward current and ( 2 ) a value which

is proportional to the instantaneous forward current .
- Maximum peak on-state voltage , ™ *
This is the maximum on-state voltage drop at a
specified on-state current and junction temperature .
- Critical rate of rise of off-state voltage , dv/dt :
This is the minimum value of rate of rise of forward
voltage which may cause switching from off-state to
on-state.
- Latching current , IL :
This is the minimum anode current which is required
to maintain the thyristor in the on-state immediately

after a thyristor has been turned on and the gate

signal has been removed .
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115
—- Holding current , IH :
This is the minimum anode current to maintain the

thyristor in the on-state . The holding current is

less than the latching current

- Peak on-state current ' IP :

This is the peak instantaneous value of on-state

current . It depends on the di/dt and width of

current pulse . The switching losses would depend on

the value of I, + pulse width , and di/dt

- Peak reverse current . IRM :

This is the peak value of reverse current at +the

maximum junction temperature and maximum repetitive

peak reverse voltage with gate open . This current

would cause junction heating .

- Peak off-state current ; IDM :

This is the peak value of off-state current at the
maximum Jjunction temperature and maximum repetitive

peak reverse voltage with gate open . This current

would also cause junction heating .

= Junction-to-case thermal resistance , RthJC :

This is the effective thermal resistance between the

junction and outer case of the device
= DC gate current trigger , I

GT °

This is the recommended value of the gate current ,

at a specified case temperature and anode voltage ,

required to trigger the triac
~ DC gate voltage trigger , Ve

T H

This is the recommended value of gate voltage , at a

specified case temperature , to trigger the triac .

= DC gate voltage not to trigger , Vep ¢

This is the value of VGD which does not cause the
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thyristor to switch from on-state to off-state .

- Turn~off time , tq :
This is the minimum value of time interval between
the instant when the on-state current has decreased
to zero and the instant when the thyristor is capable

of withstanding forward voltage without turning on

tq depends on the peak value of on-state current and

the instantaneous on-state voltage .
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APPENDIX C.2

Data sheet values of the opto-coupled triac MOC3031

are shown in table C.2.1 .

Table C.2.1 Data Sheets of MOC3031 Opto-Coupled

Triac.
Parameter Value
IF 50 ma
Vi (1, = 30 ma) 1.5 Vv
IT 100 maA eff.
Igo 15 mA { maximum )
VGT 3.0 v
IH 200 A
VTM 3.0V
L (Vg = 3 V) 100 a
VRRM 6 V
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AFPPENDIX D.1

Program plc :

Uzes Crt :
Label 25 «
var

FPI_control ,
Timer_control
Input_stat ,

Inputs 2

change_input_s

changs_inputs

outputs 2

Interlocks

{ * array

Timars :

( * array
Timer_Prezat :

( * array

AFPENDIX D

{(* control word of PPI *)

s (* control word of timar *)
(* internal bits corresponding to
input data *)

tat ., (* datact any input changas during

_= s time delayes #*)

(* internal bits cotrresponding to

output data *)

Byfta 3

: arravil..z2t] of Byte

repraszsentation of intermaal output=s *)
Arrayli..4] of Byhte

k4

r

14

Prasentation of timaers *)
Array[1..32]1 of Intager ;

Fepra

n

2ntation of timers Prazast valuag *®)

Procedure Read_inputs :

bagin

input_stat := roOrt (43041 or chanae_input =tz

input=s 2

o

.
— ?

1= (port$306] div 16) or chang=_inputs 2

.
_—
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and

Function check_onez : boolesan :

»

var
output_tast ,
(* Intermediate byte to test physical outputs *)
I (¥ Countar of Qnes *)

: Byta

Bagin

Dutput_test := outputszs_1

'L}

I :=0

(* —ounting number of 'ON' autputs in the first output byte

While (output_test > 0) do

bzain

Output_tftast = Output_test And (Dutput_test - 1)

-
>

I 2= 1

+

1
end s

Dutput_test 1= Outputs_2

?

{(* counting number of 'ON' outputs in the sscond

output
byta *)

While (output_test > 0) do

b=ain

Dutput_test = Output_test And (Dutput _test ~ 1) ;

I := 1 + 1

-
Ed

=rid;

(* It is not allowed to hava mare then output 'ON' at the sam
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time *)

IT ¢ I > 1) then Check_ormes 1= False

else Chack_onss := True

End =

Function get_flag (addr : Integer ) : boolean :
var

Tast_byte , (* intarmadiate byte for check_up #*)

Eleament » (* matrix =lement riumber #)

Shift_count , (* # of shifts to the left to be made *)

I H Byvte (* power indax *)

If (addr > 0) And (addr <=9) then
begin
for I:= 1 to (aadr—l) do
test_byte 1= test pyts * 2 :

test_byte = test_byts and input_stat

>

Elz= if (addr > 10) And (addr <= 18) then
bezain
for I:= 1 £o (addr-11) do
tast_byte := test_byte * 2 4

test_byta = test_byte and outputzs 1

b
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Elzs= if (addr > 100) And (addr <= 104)

then

baain
for I:= 1 %o (addr-101) do

test_byte 1= test byte * 2 H

test_byte :z= test_byte and imputz o

-—‘- >

erd

Else if (addr > 112) And (addr <= 116) then

begin

far I:= 1 to {addr-113) do

Else if {addr > 700) Aand (addr <= 268) then

begin
Elemant == truﬁc((addr—700)/8) :

tio (addr-(element*8+701)) do

tast byta -

H

test_byte * 2

Test_byt= 1=

Else if (addr > 900) And {(addr <= 932) then

begin

Eleman

o
a
1]

o+

Func((addr-900) /) :

test_byta := Ltast_byte * 2

-
>

._‘
1]
1
o
o
<
o
i
n
-‘
1]

Test_byte and Interlocks(zalemant+1]

st_byta And Timers(lelement+1]

121
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mn
| |
ut
m
F1
—-
e
——
-
10y
iIn
o
10}

aut  of the

immediataly *)

If ( test_byte > 0 ) then

aget_flag := true

elsa

get_flag := false s

?

and ;

Procedure= Set_flag ( addr :

var

! Int=zger : statyzs - boolean )

function

2

Oring_1 . (* value to be ORed to ==t a bit tno

valua = 'ON*®' *)

Anding_1 ,

(* valua to ba ANDed to sat a bit to

valus = 'OFF' *)
Result , (* intermediate variable *)
Pow=r (* '2' to tha 'power' = value of bit
required *)
I . (* repetition Index *)
Elemant (* matrix eslamant Fequired *)
: Byte
Bagimn

If (addr > 10) And {(addr <= 18) then

begin
POWar := addr - 11 :
rasylt 1= 1

for I := 1 to power do
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result 1= rFegylt % 2

-
E

(* if power

il

5 then result = 372 %)
If (status = trus) then
begin

Oring_1 :=

~

esult »

outputs_1 := outputs_1 Or Orina_1 ;

H
and
elza
begin
Anding_1 := 255 - rasult H

(* 255 = "11111111"' =*)

outputs_1 := outputs_1 And Anding_1

Elsa if (addr > 112) And (addr <= 116) then

for I := 1 to powser do

(* if power = 5 than re=zylt = 32 *)
If (status = tru=) then
begin
Oring_1 := result

outpubts_2 1= ouktputs 2 0r Orina_1 ;

>
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Andirg_l 1= 265 - paaglt o
(* 255 = "{1111111' *)

outputs 2 := outputs 2 And Anding_1 :

end 3

end

Else If (addr > 700) And (addr <= 868) then

bagin

2lemant 1= Ltrunc({(addr - 700)/3) -
POWar 1= addr - (alement*s + 700 )} -1 3

(¥ if powar = & then rezult

3z *)
If (status = frua) then
bagin
Oring_1 := result :
Interlocksislemant+1] 2=

intaerlocks(element+1l Or Oring_1 ;

>

begin
Anding_1 == 255 - result ;
(¥ 256 = '11111111" =)
Interlockslelement+1] ==

interlocksi=lemant+1! And Arding_1

>

(=] aTw|
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Elze If (addr > 900) And (addr <= 932) than

begin

Power 1= addr - (alement*3 + 900 ) -1

ue

for I 3= 1 to power do

(* if power = 5 then result = 32 %)
If (status = true) then
begin
Oring_1 := result ;
Timerslalement+1] :=

Timersi{alement+1] Or Oring_1 3
Timer_Preset [ addr - 900 1 := 32767
2nd
elza
begin
Anding_1 :1= 255 - rasyult :

(* 255 = '11111111"' *)

Timersl=lement+1] ==

Timarslalement+1] And Anding_1

[
>

Timer_Preset [ addr - 900 ) 1= 0 3

>

Elsa Exit

.
2

. End s
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Function Timer_Qff : Boolean :

var

Tamp_Byte

begin

Temp_Byte

Temp_Bytea

(* 00000010 --> PCS of PPI *)

Timar_Off :=

Procaedure Set_tim=r ( Addr : Integer

var

tenp_count

i ., Loopar

bagin

Port[$303]

for j 1= 1

beagin

Looper

2

Port{$306]1 div 186

Temp_Byt= Aind $02

(Temp_Byta > 0 )

J = ShortInt :

Integer

= %50 3

toe 70 do

for ir=1

= 52 * Count :

ta Loopar do

bagin

change_input._stat =

Port{$304] or change_input_stat

“a

126
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change_irputs 2 .=

{ part($3061 div 16 ) or change_inputz_2 ;
Port[$301] := 255 ;
Repaat
Until Timer_Off ;
end j;

end ;

Sat_Flag ( Addr , true )

>

=] 57 I

Procedure Update Outputs

var

I 1 Int=gar

=
>

bagin

port[$305] := outputs_1

e

Port {$306] := outputs_2

e

if (Timer_Praset [I] <> ) and

(Timer_Praset [I]1 <> 32767) then

Sat_Timer ( 900 + I » Timar_ Preset (I] )

ue

Procadurs Exec_user ;

=

begin

iversity of Jordan - Center of Thesis Deposit
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USER FROGRAM IN PASCAL CODE

2ngd 3

Procedures initialize H

var

]

For I:= 1 to 21 do

IntarlockstI] :

[
(=]
s

For I:= 1 to 32 do

Timer Preset{I] := 0 -

>

Input_stat := 0

=
>

inputs 2 1= 0 ;
change_input_stat := g H
changs_inputs_2 HE

outputs_| = 0 3

cutputzs_1 = 9

Fort{$305] := sp0

Port($306]1 := $00

"

' eserved - Library of University of Jordan - Center of Thesis Deposit
———AHRights R



PPI_control := 93 ; (* 10011000 =*)
Port{$3071 := PPI control :

{(* set_up mod= and configuration *)
Timer_contrel := 50 ; (* 00010000 *)

Fort[$303] = Timer_control

H
(* set_up of timer requested and mode *)
initialize ;
(¥ initailize all intarnal bits to 0 *)
25 ¢ Read_inputs :

Exec_user 3
Exec_user ;

update_outputs

(* If check_ones then update_outputs 3 ¥)

if not KeyPrazsed then Hoto 285 ;

>

End.

129
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APPENDIX D, 2

{$M 160600 , 1000 , 2000}

(* 4 Kbyte stack » ho Heap minimum ar maximum *)

Program Menu :

tses Crt , [o=

H
var
Choicae : char

FileName 3 Stringl1s]

L L)

Compsec 3 Stringlsg]

da

(¥ Cantar =tring Option at dizsplay line Row *)

Procedure Canter ¢ Row : Integer Option : String ) :

begin

GoToXY ( 40 - Length(Option) div 2 }) . Row ) :

Write ( Option )

wa

2 3

Procadura DizplayMany

NS

beain
ClrScr =

Centar (5 ¢ Main Meru')}

wa

Centaer ( 3 ' ')

e

Cantar (10 ,'i1= Open File "2

e

Centar (12 ,'2= Translate File ')

us

Center (14 ,'3= Compile File Y

'L}

—tibrary of University of Jordan - Center of Thesis Deposit
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Centar (156 ,'d= Run File ')
Canter (18 ,'S= Quit 'Yy =
esnd 3

Function Check_FExitCode : Boolean :
var
Exit_Code : Integar ;
begin
Exit_Code := DosExitCode H

if DosExitCoda <> 0 then

begin
Check ExitCode 1= False H
GoToXY (1 , 24 )

Writaln

Writeln (‘Error #',DosExitCode) :

>

Readln

Check_ExitCode = True ;

»

Beain
DisplayMany
Repeat

Choice := Rzadkey H
Writaln :
Writaln (Choice) H

Case Choice of

lll
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bzagin
Exec ('Turbo.axe','') 3

if not Check_ExitCode then halt ;

3

begin
ClrScr ;
Writa('File Name to Translate 7 ') ;
Readln(FileNama)

Exzc ('Translata.exe',FileName) =

>

if not Check_ExitCode then halt ;

Exec (‘Combine.exa',FileNams);

if rot Check_ExitCode than halt :
2nd ;
'3t
begin

ClrSecr

Write('Fila Name to Compile 7 ')

Readln(FileNamsa) 1

Exec('Tpc.axa',FilaNama) :

k.

if not Check_ExitCode than Halt ;
Writa('Press <Entear> to leave

Compilation ...'}):

Readlnr

e

2nd 3
- H
begin
ClrScr

Write('File Name to Rumn

“)

")

‘e

132
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Readln(Fil=Nam=) -

>

FileName := FileName + '_EXE’ 3

Center (15, ' Program is Running .. Press
Any key To Quit ')

Exec (Filename, ''}) ;

if not Check_ExitCoda then Halt H

=1 T

Isl

HAlt ;
end 3
DisplayMonu j
Until 'Falsze' = 'True' j

SwapVectors :

End.

133
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APPENDIX D.3

{$M 4000 , 0, 0 »

pProgram translate :

»

type

String2s55 = stringl(255]

var

Infila , Outfile : Text

Line_Count : Integer

'T)

SavedExitProc : Fointer

r

Code Lirms : string2?55

an

ladder_flag

timar_flag ,

MCR_flag ,

bracket _count

Procaedure CuztomExit far :

begin

if { ExitCode <> D) and ( Erroraddr = nil ) then

writeln('Program Haltead

ese ') o2

writeln('Exit Coda = 'SExikCode) -

>

writa('Prass <Entar> Lo leave ...*'):

>
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readln

and 3

exitproc := SavedExitProc H

ernd 2

Procedure Syntax_Evrror ¢ Error_Num : integer

begin

mnemonic

writeln('Syntax Error at lina #',1line_c

casa Error_Num of

1 H

- LU RN . S AW 8]
o

[y
[y
"

[y
W

writzln{'Mnemonic longer thanm all
writaln('NOT or Operand expected
writeln('Oparand value migsing ..

writeln('MCR - END mismatch ...}

writzln (mnemonic, ' iz not allowed here ')

Wwritalpn {(mremonic, ' is Mot allocws

writeln ('ENT i= expactad after TMR ') s

writeln (mhemonic, ' is pot allowed tiare ')

writeln ('MCR - END mizmatch ')

writelrm (‘nested MCR ie not allow

: string ) ;

ount)

uy

owed ..."')

wa

aee ')

e

-') 3

[
>

1]

d here )

ue

k4

't}

-
>

ed ')

writeln ('NOT is not. allowad with ', mnemoric)

writeln('Ladder is incomplets ...
writaln('TMR command is not anded
writeln('MCR command is not ended
writeln('Invalid Value of Oparand
writeln ('Syntax Error at line #°'

writeln {('Unracognizead Etror 1111

a
[ ]
L]
-
~
o

ame ') i
I

sLine_count)

-
>

135
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Halt (1) :

&End

Procedure OpenFilas :

Ll

var

FileName , PLC_File , PAS_File : stringl14l
beain
FileName := ParamStr(1) :

>

FLC_File := FileName + '.PLC'

e

PAS_File := FileName + '.PAS!

"1}

Assign(InFile,PLC_Fila) ;

Raecat (INnFile)

Assian (DutFile , PAS File ) 3

Rewrite (DutFile) -

>

nd :

4]

Procedursa ProcsgsString ( var Coda_Lina string255 )

vart

indax , time_delay : Intager

-
>

mnemonic , nnot , operand MCR_Num : Strinaf{io} :
Fascal_rmode : String =
(¥ S5kip Spacse *)

Procedure Skip_Spaces ;

2

bagin

Rights Reserved - Library of University of Jordan - Center of Thesis Deposit
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while code_linslindax] = * * do
inc (indeax)
and

(* Get Mhemonic *y

procedure Get_Mnemonic :

B

var

end_of_mnemonic : Boolean ;

?

baegin
mnamonic 1= ' g
Wwhile ((code_linsfindex] <> ' ') and
(index <= lengthi{codz_lin=))) do
begin

MN2MONic 1= mhemonic + upcase( code_linelindex] )

inc (index)

and :

if length (mnemonic) > 3 then

Syntax_Error ( 1 , mnemonic ) 3

b4

2nd

Check Op=srand Valus *)

procedursa Check Opsrand ( operand : string )

-
4

var
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i 2 integer ;
begin
for 1 := 1 f£o langthl(operand) do
if ( (ord{operandl[il) - $30 ) < 0 )
or ( (ord(operandlil) - €30 ) > 9 ) then
Syntax_Error ( 15 , 111 )

end 3

(¥ Check NOT

rprocadure Check Not :

var

i integsr

beain
nhot = "' g .
opetrand 1= ' 3
while ({(cod=_linelindex] <> ' *) and
(indax <= lengthicode_lin=))) do
beain
nnot 1= nnot + upcas=( code_linelindax)
ins (indax)
end

if lengathi{nnot) > 3 then

Syntax_Error ( 2 , mnemonhic )

2l

n

2 If nnok <> 'NOT' then

*)

138
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begin
operand = '' ;
for i 1= 1 to length{(nnot) do

operand := operand + nnotlil

nnot = ' 3

aend :

end 3
(* Get Operand *)

Procadure Get_Qperand ;

begin
operarnd = '' ;
while ((coda_linelindex] <> ' ') and
(indax <= length( coda_lina ))) do
beagin
oparand := oparand + code_lins{indax]l :
ine (ind=x)
=rd 3
if oparand = '' than
Syntax_Error ( 3 , mnemonic )
end @

(* Get Time Delay *)
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pProcedurs Get_Tims_Delay :

begin
time_dzlay 2= 0

while not

(code_linelindex! in [ chr($17) , chr($0) 1 ) do

begin
time_delay := time_delay * 10 +
( ord ( code_linalindax] ) - $30 ) ;

inc (index)

Procedure Translates

E

(* Close Brackatsg *)

Procedure Close_Bracketbs

vat

bzain
For i 1= 1 to brack=t_count do

Pascal_code := pascal_coda + ')

-
>

bracket_count := 5 ;

x

end

140
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procedura Check MCR_Num @

begin

if operand <> MCR_Num then

Syntax_Error ( 4 , mnemonic )

end 3

Frocadure Lad _STR :

-
-

begin
if nnot = *NOT' then
pascal_code o=
"if (¢ ( { Not get_flag(' + oparand + ')°
=2l== :
pas=al_rode :=
if ( C { { ( get_flag(' + operand + '}
ladder_flag 2= 1 1

o

timer_flag z=

]
k4

bracket_=—ount 1= § :

procadure Lad_AND

begin

if nnot = 'NOT' then

Pascal_code := ' And Not s=t_flag('

)0
Yt
]
i

+ oparand +

pascal_code 1= ' And get_flag (' + operand + ')

l)l

141
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procedur= Lad_OR ;

bagin
if nnot = 'NOT® then
pascal_cod=a :=
'Y Or Not get_flag(' + operand + l.)'
alse

pascal _code 3=
') Or get_flag (' + operand + ')'

dec ( bracket_count ) ;

rprocedure Lad_OUT

bagin
if nnot = 'NOT' then
bagin
close_brackets
Pascal_code := pascal_code + ' then zet_flag(' +
oparand + ', false) ' + chr($0D) + chr($04A) +
' elsae set_flag(' + oparand + ',true) : ' i
(* Carriage Return + Lina Fesd *)
and
alsa

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



zlos=2_brackets

pascal _code := pascal_code +

' then zmet_flag{’

oparand +',true) ' + chr{($0D) + chr(£04a) +

T

end ;
ladder_flag := 0 ;

ands

Procedur= Lad_TMR
bagin
ladder_flag := 0 ;
clos=_brackets 3
pascal_code := pascal_cods + ' then
timer_praset(' + oparand + ' -

timer_flag 1= 1

N

ard ¢

Procedure Lad_ENT ;

bagin

timer_flag := 0

Pascal_rode := pascal_cods + operand + ':' 3

end 3

Procedurea Lad_MCﬁ H

begin
ladder_flag = 10

-
»

“loze_brackats

2lee set_flag(' + operand + ', falsa) 3 *

E] 3

200 1

s
n

e

>

+

143
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Pascal_code := pascal_code + ' then begin ' ;

MCR_flag == 1 ;

and =

procedure Lad_END :

beain
ladder_flag := 0 ;
pascal_coda 3= ' and @ ' ;
MCR_flag z= 0 12

and

procedure Lad_RST @

-

begin

laddar_flag := 0 :
close_brackets ;
pascal i-ode := pascal_ cods +

than set_flag(' + Operand + ', falze):':

2nd 3
Begin
if ( mhemonic = '' ) And ( nhot = ' )
And ( operand = ** ) then
else if mnemonic = 'STR' then Lad_STR
2lse if mnemonic = 'AND' +than Lad AND
2lsa if mnemonic = 'OR' then Lad_DR

2lz= if mnemonic = 'OUT' then Lad_0uT
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alse if

alse if

aelse if

elsa if

alse if

alse Syntax_Error ( 16 ,

End :

mnemonic

mremonic

mnemonic

mnemonic

mnhemonic

pProcadure Error_Check

ba2gin

if (laddar_flag

or {(mhemonic

2lze if

or

(ladder_flag = ) and (
(mn=2monic = '0OR*)
or (mhemonic = ‘MCR')

(*

if ( timer_flag

then

New Ladder Check

=
>

"MCR*

'TMR!

*END'

‘ENT!

'RST'

1) and

"END') or (mnemonic =

then

then

then

then

then

Lad_MGR
Lad_THMR
Lad_END
Lad_ENT

Lad_RST

mhemonic )

{mnemonic =

then Syntax_Error

then Syntax_Error ( 6 , mremonic )

or

Timaer Check

5 , mnemonic )

{mnemonic
or (mnemonic

(mrn=2monhic =

1 ) and ( mn=2monic <>

Syntax_Error

7 ; mnemonic )

*)

)

'AND )

)

145
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(* Maz=ter Contrel Relay Check *)
if ( MCR_flag = 0 } and {mhemonic = 'END')
then Syntax_Error ( 9 , mnemonic )
else if ( MCR_flag = 1 ) and ( mn=monic = 'MCR' )
Ehan  Syntax_Error ( 10 ., mhnemonic ) 3
(* NOT Allowance Check - *)
if ( hnot = 'NOT*' ) and ( (mnemcnic = 'TMR')
or (mnemonic = 'MCR') or (mhnemonic = ‘ENT")
or {(mnemonic = *RST') or (mnemcnic = "END' )
then Syntax_Error ( 11 , mnemonic ) 3
End ;
begin
indax 2= 1 ;
Ppascal_rcodea 1= "' ;
Skip_SpPpaces : (* Lo skip =paces starting code_lina

14

l=a if ( timer_flaz = 0 ) and ( mhnemonic = 'ENT'

then Syntax_Error ( 8 , mnemonic )

Get_Mhzmonic ;
{(* to aet the mnemonic at procaszed code_lins

if mhnamonic <> '' then

)

:k)

:t)
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beain
Skip_Spaces 3

(* o skip spaces between mnemonic and naxt operand

Chack_Not 3

(* Lo read the next opsrand or NOT valua *)

if operand = '' then
be=gin
Skip_Spacez
(* to skip spaces between NOT and operand *)
Get _Dperand :

(* To read opasrand value *) ;

end
Check_Operand ( operand ) 3
if mnemonic = 'TMR' than
bagin

Skip_Spaces :
(* Lo zkip =paces betwszen operand and tims d=lay *)

g=t_time_delay 31 (* Lo r=ad tim= dalay valus *)

Error_Check

(* Lo chack syntax arrors in uzar program *)

; 431757

(* Intarpretation of usar code into Paz=cal code *)

Translat

1

end
Zode2_line := pascal_rcode

=] aT= B
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Procedure ProcessFilas 3

var

code_line : string255 ;

beain
Line_Count = 1 3
while not Eof(Infile) do
hegin
readln{Infila , Cod=_line=) 3
ProcessString ( Code_Line ) 3
writeln{Outfile, Code_Lin= ) 3
Inc(Lirne_Count)
=2nd 3
Writeln(DutFils);
Writeln(OutFile):
Writeln(OubFils):

2nd 3

Procadure Check_Flag=

begin
if ladder_flag = 1 then Syntax_Error ( 12 , "111' ) 3
if Timer_flag = 1 then Syntax_Error ( 13 , "H1EY ) 3
if MCR_flag = 1 then Syntax_Error ( 14 , '1HL' ) 3

End ;

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



Bagin

Timer_Flag :1= 0

1)

MCR_Flaa 1= 0

L1

Ladder_Flag := 0
OpanfFiles ;
ProcassFiles
Check_Flaas 3

Close(Outfila)

we

Close(Infile) 3

SavedExitProc := ExitProc ;3 (* save ExitProc pointar *)
ExitProc := @CustomExit ;

write('Praess <Enter> to =2nd program ...') :

R=adln

End .

149
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APFENDIX D.d4

{$M 4000 , 0 , 0O
Program Combine

Use=z Dos @

var
DutFile t Text :
Filename : Strinsl20]
Compsec : Stringlafl
SavedExitProc : Pointer ;

Procedure CuztomExit : far :

bagin
if ( ExitCode <> 0 ) and ( ErrorAddr = nil ) then
b=gin
Writaln ;
Writeln('Program Halted ... ') 3
Writaln('Exit Code = ',ExitCode) :
Write('Pre=s <Enter’> to leave ...'):
Readln 3:
and 3
ExitProc := SavaedExitProc ;

=g 3

"Procedure Instruct

150
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Writaln ('Combine ¢outputd <inmputld <imput2s ... <inputn>

writeln ¢

ernd 3

Function FileExists ( var Filename : Text ) : Boolean :
begin
{$I-} Reset (Filename) ; Close (Filename) ;3 {$I+}
FileExists 2= ( IoResult = 0 ) ;
end 3

Procedure Combine_File ( Fnhname : String } 3

var
InFile : Text @
S : Stringli1l32] : -
begin

Aszign ( InFile , Fname ) ;
Reset (InFile)
While not EOF (InFile) do
begin
Readln ( InFile , S )
Writeln ( OutFile , S ) 3
end ; -
Close (InFile) :

end :
Procedure Process :

begir:
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Assign ( OutFile , ‘'Temp,@@' ) ;
Rewrite (QutFile) ;

Combine_File ( 'Start.@e@' ) :
Combine_File ( FileName ) ;
Combine_File ( 'End.g@a’ ) :
Close (OutFile) ; |

end ;

Procedure Rename_File 3
var

Rename_Command , Delete_Command : String ;

begin
Rename_Command := '/c rename temp.€@@ ' + Filename H
Delete_Command := '/c del ' + Filename ;

Compsec := GetEnv('Compsec’) ;
if Length(Compsec) = 0 then

Compsec := 'command.Com' :
{$I-} SwapVectors

Exec (Compsec , Delete_Command )

Exec (Compsec , Rename_Command )

L}

SwapVectors : {H6I+>
if DosError <> 0 then

Uriteln('*** Error : Cannot Run Command.Com') 3

end :

Bagin
SavedExitProc := ExitProc :

(* save ExitProc pointer =*)

152
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ExitProc = @CustomExit ;

FileName := ParamStr (1) :

FileNAme := FileName + '.PAS' ;

if ParamCount <= 0 then Instruct =else Process:
Rename_File 3

write('Press <Enter> to end program ..."') ;

Readln |

End.
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