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ABSTRACT

A good Engineering Services Design must specify appropriate cable type and standard
cable sizes for the designed Electrical Loads-in Electrical Engineering profession the problem of
use of appropriate cable-types, cable sizes, fuse ratings in Electrical Services in buildings
involves a lot of mental resources due to intricate and tedious calculations associated with the
exercise and efforts expended in scanning through volumes of Electrical Engineering books on
standards and specifications.

The specification of wrong cable types, sizes and fuse ratings in buildings has
contributed immensely to several Electrical circuit related hazardous fire incidence.

This has over the years constituted a great deal to insecurity of life and property. This
project is a Computer aided solution (Computer Program) to the problem of f recommending the
right Electrical Conductors for Electrical Services with specific focus on a range of flexible
cables.

Chapter 1 justifies the need for the project (Application of Computer in cable size
selection for specific Loads) and considers the history of information communication

Chapter 2 traces the evolution of Computer generations up till the end of the 20"
Century and forecasts the trend in the 21" Century. Chapter 3 deals with system Design
procedures and selects Basic language as the programme language for the project.

Chapter 4 conducts an in-depth analysis of the written program. Chapter 5 comments
extensively on the limitations of the project and makes far-reaching recommendations.

Finally the programme and program outputs of the project are contain in the appendix.

This project is therefore another success in the application of computer in making the
complex Electrical Engineering duty of Load calculation for specific flexible cable types
ranging from 60 O C rubber- insulated BS 6141 to 185 C rubber- insulated BS 614 1
to 185° C glass fiber types very easy.

The programme is however based on the 16™ Edition of institution of Electrical

Engineers regulations.
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CHAPTER 1
INTRODUCTION:

The Application of computer in cable size selection is one of the various ways
computer can be used for the aid of man in design activities. The need for this project is
justified by the attendant problems occasioned by the use of either over-sized or
undersized cables for satisfying specific load demands. The problems range from the
conditions favourable to free hazards to Engineering structures that utilize electricity to
inefficient and uneconomical use of cable. These problems have in them resulted to
huge financial, time and efforts losses to individuals, group of persons, as industrial
setting and even to governments at the various countries of the world. The se of
inappropriate cable sizes in mechanical, civil, chemical and indeed engineering systems
and others has always constituted problems, which take the financial and even
intellectuals resources of and organization.

Specific examples are the use of improper cable sizes and types in automobiles,
building structures, Electrically control chemical process, Electrical circuits devices and
systems. etc. If the cable size used is inappropriate,(under sized) the cable may develop
heat and subsequently the insulators may melt. The conductors are therefore exposed. If
the exposed Conductors Bridge, sparks may result (if the circuit is not protected
properly). The resultant effect may be that the entire Engineering construction may go in
flames. The loss in efforts, time and money that can result therefrom can be better
imagined.

This project -application computer in cable size selection- attempts to solve the problems

by the use of computer programs.



1.1 History of information communication: Information communication has
metamorphosed from cradle over the years to its present state of advanced computer
aided form. It is however not certain exactly the day; months or specific year man
commenced information communication. I posit that information communication
commenced in man when he was imbued with curiosity about things surrounding
him. The limitation of the sign language which included, complexity of signs (too
many) and the difficulty in interpreting the meanings which the various signs project,
made it imperative for speech to develop.

1.2 Speech involves communication through talking.

Speech has the problem of being forgotten and not easily recorded. This problem was

overcome at the next stage of information communication by the introduction of writing.

Writing had the problem of being tedious in replication or duplication of information to

many people. This led to development of printing. Printing solved the problem of writing

but presented another problem of information storage. This is because there is always the
problem of storing voluminous and bulky printed jobs. Worse still the transportation of
printed information was slow and exposed to hazards of pilfering, mutilation and

misfiring. Telecommunication developed to solve the problems posed by printing as a

mode of information communication. These brought about the use the of telephones and

telex etc . In communication, information can be sent out fast but the information may
not hit its target immediately. This leads to poor response tune by telecommunication. To
improve this, the introduction of system of proper and accurate information recording,
storage, processing, retrieval and communication became implicit. This led to the
introduction of computers. Computer. can be described as a robot with artificial

intelligence (program) to accept, process and out put results that are usually information



related.

Information technology (IT) in its recent form includes, computing,
communications, and controls systems whose hardwires incorporate micro-electrbnic
components (chips). Information technology therefore provides man with the means of
sending, receiving, manipulating, gnd sorting information at speeds and in quantities

never before possible.




CHAPTER 2

LITERATURE REVIEW

2.1 Computer Generations: This project- application of computer in cable size selection
for specific loads is computer dependent. Computers can be classified in terms of its
size, the type of logic they use, and the purpose for which they are designed.
Computers can also be classified in terms of sizes such as Mainframe,
microcomputers (personal computers) and mini-computers.

A mainframe is made up of large and expensive computers generally used in large
business, governmental or academics settings because they can support multiple
functions. In fact one subset of a mainframe may include super computers such as maxi
which are the biggest and fastest computers. The hallmark of this type is that there are the
most expensive and require special support staff and physical Environment.

The microcomputer or personal computers are small, one-user computers that are
relatively inexpensive. Microcomputers can not store as much data as a mainframe.

The mini computers is in-between the mainframe and microcomputer. The ratio of
costs of mainframe to maincomputer to minicomputer is 1000:500:1. A mainframe can be
as costly as =N= 10, million.

In terms of type of logic computer can be classified as analogue or dig'ital type.
The analogue computer uses physical relationships to convert physical measurements into
values. The digital computer uses Electronic circuit that obey Boolean algebra to
represent on and off situations and therefore Numeric and alphanumeric constants in their

equivalent digits representation.

In terms of purpose, computers are classified as special or general-purpose types.



A special purpose computer is designed for specific purpose and may not be applicable in
other applications. These include dedicated computers used for guiding NASA'S space
shuttles. The general-purpose computer can be used for many purposes such as computer
games, to handle pay roll computerisation and the use of graphics to design buildings and
even to solve complex mathematical problems.

Advances in computer are classified into five generations. This kind of
classification is mainly based on the kind of logic circuit used by the computers.

The first generation computers came into use between 1951 to 1958. The kind of
logic circuits used in these computers is the vacuum's tubes. The first generation
computers commenced with ECKERT and Mauchly Eniac devices but were too bulky
due to the use of vacuums tubes.

The second-generation computer was put to use between 1958 and 1963. This
kind of computers replaced vacuums tubes with transistors and was therefore less bulky.
The discovery of transistors which is a solid - state device marked the major
technological break through that resulted in increased computer power at reduced size*

The third generation computer evolved with yet another technological
advancement in integrated circuit. This occurred between 1964 to 1970. The computers
that use integrated circuits are therefore referred to as the 3 generation computers. There
was an improvement of computers generations.

The forth generation of computers came to being in 1971 till 1990 with the
introduction the chip or micro into the computer central processing unit. This led to the
construction of the supper computers and monster computers that operate at very high
speed and are widely applied in military and meteorological circuits.

The race for the fifth generation computer commenced in 1990 till date. The target by the



electronivc world powers Japan and United States is to bequeath the world with the fifth
generation computers for next millennium (year 2000). This generation of computers
must be Y2k compliant. The focus is on the production of technological computers with
major advances in artificial intelligence, voice recognition and image processing.

The fifth generation computer will utilise improved technology (ULS) ultra large-
scale integrated in circuit chips. These can contain between 1 million to 100milliobn
transistors in just an infinitesimal chip.

The fifth generation computers will be cheaper per unit memory storage space,
and serves as intelligent assistance. It will give users access to a broad range of
information and expertise. In office this computers can recognise and accept spoken
requests, search through reservoirs of stored knowledge and decide which information is
more relevant to the prescribed decision making system and then propose decisions. The
fifth generation computers also promise to give advice to individuals on personal money
management.

This project application of computer in cable size selection can run in the fourth
generation computers. It can be seen as a support for the actualisation of the fifth
computer generation dream. This is because computers use high percentage of flexible
cords, which must of necessity be of the right sizes and types. This is the focus of this

project-flexible cable size determination and consequent selection.

2.2 Electrical Engineering and computer: Electrical Engineering is one Engineering



field that has steadily contributed positively to the development of computers. The
computer is an Electro-mechanical device and the various generations of computers are
élassiﬁed according to the electronic circuit components used in the development of the
hardware. These range from vacuum tubes, transistors, integrated circuits and various
chips.

Therefore electrical Engineering is vastly responsible for the development of the
computer hardware and circuits.

However the computer is fastly becoming an inevitable tool for the development of
science, technology and indeed all aspects of Engineering studies.

The situation is that Electrical Engineering has contributed in developing a device
whose application aids not only the Electrical Engineer but also the various other
professions. Infact the use to which the computer is put is far beyond the scope and grip
of Electrical Engineering. However the Electrical Engineering development as a
profession is daily becoming computer dependent.

The project topic- application of computer to flex cable selection for specific loads is an
example of the use of computer to develop systems that aids the development of
Electrical Engineering.

The study and application of Electricity as a phenomenuim are the hallmarks of Electrical
Engineering. Electricity itself stems from the inherent properties of an atom. The atom
consists of three basic particles. These are the hard central core (nucleus), the proton
(carries positive charges) and the electron (carries negative charges). The Electrons
revolve round the relatively massive nucleus in more or less elliptical orbits (or shells)
and are infinitesimally small. According to Bohor-Rutherford model, the atoms is like a

miniature solar system. A heavy positively-charged nucleus taking the place of the sun at



the centre, with orbital electrons acting like planets. The movement of electrons in an
atom of which the element is made up of, constitutes the flow of Electricity. This
normally occurs when there is a potential difference between a conductor.

Matter can generally be classified as good conductors, semi conductors and bad
conductors of heat and Electricity. The general example of good conductors of Electricity
are all class of metals, acids and salt solutions Examples of pure metals as good
conductors are silver, copper and Aluminium. The bad conductors do not permit easy
flow Electricity as their electrons are rigidly held to their atoms. Examples of such poor
conductors are Bakelite, mica, glass, rubber, p.v.c and even dry wood. The semi
conductor is the materials whose resistance at ordinary temperature are hybrids of typical
metals and typical insulators. These include germanium silicon and silicon carbide. It is
the thorough understanding and application of the phenomenuim of changes in circuit and
circuits elements such as the diodes, transistors, and conductors that led to the successful
assembly of the electronic computers.

The computer on the hand is an assemblage of hardware components [Electronic
and others] which accepts inputs, stores, processes and produce outputs under the
control of programs.

In this project a program is written which is fed [input] in the computer. The program
contains the outline procedure for cable size selection, which the computer executes to

obtain the desired result fastly and automatically.

23 IEE Regulation in cable type and cable size selection:

The accident or incident of Nigeria's colonial past history has bequeathed the



country the British way of doing things to some extent. This is equally true as it applies to
Electricity standards in Nigeria.

The British standard institutes as well as the institution of Electrical Engineers

have been the major influence on Nigerian Electricity standards. The institution of
electrical engineers premier publication on Electricity standards can be traced as far back
as in 1882 entitle Rules and Regulations for the prevention of fire risks arising from
Electric lighting. The subsequent Edition of the Electricity standards publication of IEE
were issued the following years in chronological order: 1888, 1894, 1903, 1907,
1911,1916,1924,1927,1934,1939,1950,1955,1966,1981 and 1991. These regulations in
the use of electricity were published with various titles. For example the third Edition
(1897) was titled General ruled recommended for writing for the supply of Electrical
Energy. The 5" Edition (1907) was titled 'Wiring rules'. The Eight Editions (1924) was
entitled the Regulation for the Electrical Equipment of buildings. The 14™ Edition (1966)
was reprinted in 31 unit in (1970). The fifteen and sixteenth Editions bear the same tittle
[Regulations for Electrical installations].
These regulations always dedicate chapters of its publications to cables and cable size
selection standards. This is because cables size is very fundamental to electric circuits
and wrong cable type and size selection is almost sure to result in fire harzard to the
environment. -

This project on application of computer to flexible cable size selection is hindged

on the 16™ Edition publication of IEE.

The area of particular interest to this project is table 4H3 A and 4H3B which deals

with copper conductor flexible cords of BS 6141 and BS 650 operating within the



temperature range of 35°C to 175°C and of cross section area range 0.5 to 4mm?. For the
avoidance of doubt the temperature range for the 6°C rubber and PVC cords considered is
35°C to 55°C so as not to exceed the 60°C unit.

The terms flexible cable and flexible cords are generally interchangeable in usage.
However, the technical difference between the two terms is that while the flexible cable
consists of one or more cores each containing a group of wires, the diameters of the wires
and the construction of the cable are such as to afford flexibility, the flexible cord is a
flexible cable in which the cross-sectional area of each conductor does not exceed 4mm™

The flexible cable derives its name from the size of the conductors covered by
the insulator that make up the smallest cable unit and the relationship between the
flexible cable and others covered together in a sheat. The operating temperature of the
insulation used is also an important aspect of flexible cable description.

For example 1.5mm? twisted twin PVC flexible cable means the following:

I. There are two flexible cables enclosed in an insulator;

2. The size of each flexible cable is 1.5mm?;

3. The overall insulation of the cable is polyvinyl chloride;

4. The cables are twisted on each other.

There are other descriptions of the flexible cable such as circular flexible rubber
sheathed, workshop flexible. However, the flexible cal;le types considered in this
program are the 60°C rubber and PVC cords; the 85°C rubber cords having hofr [heat, oil

and flame resistant] sheat, 150°C rubber cords and glass fibre cords.

The IEE regulation 16™ Edition on which this computer program on flexible cable

selection is made of seven parts, five appendixes and the index. The seven parts deal with

10



the following topics respectively.

part 1 scope, object and fundamentals requirements for safety.
Part 2: Definitions

Part 3: Assessment of General supplies characteristics

Part 4: protection against over current of circuits

Part 5: selection and Erection of wiring systems

Part 6: Hot air saunas

Part 7: Inspection and testing standards of installations

It worthy to note that appendix 4 deals exhaustively with procedure for cable size
selection and recommends cable types, methods of installation, voltage drops appropriate
correction factors and current carrying capacity of cables. The two types of conductors
considered in this regulation are copper conductors and Aluminium types. This project
selects copper conductor because at cross-sectional areas below 4mm copper is the better
option since it is a better Electrical and thermal conductor. It has lower cross-sectional
area for same voltage drop. In addition it is corrosion resistant and possesses high scrap
value. Finally it is easier to joint and has lower resistively.

The tabulated current carrying capacity is intended to provide for a satisfactory
life of conductor and insulation subject to the thermal effects of currents for sustained
periods in normal service.

The IEE Regulation 525-01-02 16" Edition which is similar to Electricity supply
regulation 1988 (as amended) recommends that if the voltage drop between the origin of
the installation (usually the supply terminals) and the fixed current using Equipment

does not exceed 4% of the normal voltage of the supply.

The programme on application of computer complies with the recommendation

11



and recommends the permissible cable length for each flexible cable size-contained in
Table 4H3A and B.

The programme took into consideration all the factors considered for cable size
selection such as the voltage drop per meter per ampere, the current carrying capacity of
the conductor, the ambient temperature of use of the conductor and the limiting
temperature due to the kind of insulation used in the flexible cord.

It is therefore a sure bait to all professional and cable size designers for specific
loads.

2.4,  Computer system as an aid in Engineering designs [cable size selection
application. ]

A computer can be defined as an automatic Electro-mechanical machine which
accepts data from an input device, stores and performs automatic and logical operations
in accordance with a pre-defined program and finally transfers the processed data to an
output device either for further processing or in final printed form.

The program on cable size selection is a set of instructions informing the

computer of the sequence of steps to take to produce the designed results.
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BASIC COMPUTER HARDWARE

The computer system consists of three major components. These ai‘e the
Hardware.. software and human ware (Life ware.)

The central processing unit is basically made up of the centrol unit (which co-
ordinates the entire computer process), the Ari}hmetic logic unit {ALU }which performs
the arithmetic and logical computations, the main memory (which sfores programs),
while the Auxiliary memory holds data and programmes temporarily while processing
action is active (see fig I). Information held in the auxiliary memory are lost shortly after
debuting the computer hardware. :

The whole bulk of thevphysical system which consists of all the essential parts of
the hardware, work to achieve the designed goal.

The input unit accepts data or information into the computer, the central
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processing unit (CPU) processes the information under the control of programmes and
the result of the process is made visible through the output unit either as a vision display
or head copy.

A functional computer is called a computer system only if there is hardware and software
to run on the hardware to make the hardware work, the hardware being essentially all the
physical aspects of the computer and the circuitry making up the machine.

The computer hardware is the physical components of the computer. This
consists of the mechanical, magnetic, electrical and electronic devices of the computer.

The computer hardware can be classified into the following functional devices.
The input device (used to send information to the computer) the central
processing unit {CPU} and storage devices and output equipment that
communicates computers results to humans, It is the hardware that does thie
physical work on the program to produce results. This project application of
computer on cable size selection is programme based but it requires the computer
hardware for it actualisation.

The input device is the medium through which information [data, program] is
given to the computer. Examples of input devices are the keyboards, magnetic tapes,
paper tapes, etc.

The software is the term used to represent all forms of programs that control the
activities of a computer. It denotes the set of computer programs, procedures and
associated documentation related to the effective operation of a data processing system.
Software enables the exploitation of the capabilities of the computer.

The development of a software that aids the appropriate flex cable sizes to be selected for

specific electrical loads is the subject matter of this project.
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The following types of software are used in a computer system.

System software: These are programs usually written and supplied by computer
manufacturers. They contribute to effective control and performance of the computer
system. There are written to assist human or users in tapping the resources of the
computer system by performing tasks such as controlling all of the operations required to
move data into and out of a computer. They enhance the performance of the computer
system especially in the implementation of application programs. Examples of system
software are Operation system, language translators and Editors

This project does not develop system software but recognises the fact that the
program on cable size selection must be run on computer with efficient, good, and
reliable system software.

Application software: These are general programs written with a view to solving a

problem. This may appear as user programs for specific application. An application
program is usually referred to as a Job. Sometimes a job may be divided into smaller
units referred to as tasks. A job usually comprises of programs and data. Most
application programs require appropriate system programs to work. This project can
rightly be referred to as an application software.
Application (utility) packages: These are made of pre-developed or pre-written and tested
programs designed by experts to perform one or more specific purposes. They are a
collection of fully documented programs designed to perform a particular data processing
task in more than one organisation or installation. Examples of standard application
packages are spreadsheet packages, word-processing packages, Database management
packages, statistical analysis packages, Windows 95 packages, etc.

The program that is the focus of this project is not a utility package but an

15



application software.

Home made packages: These are programs written to solve a local problem within
a particular organisation. Such programs may apply to only the organisation it is targeted
to serve.

This program on cable size sélection cannot be regarded home made package as
its international and in compliance with the recommendation of the 16" Edition of
Institution of Electrical Engineers.

Human ware: This aspect of computer system is often forgotten as it Incorporates
the computer user as a part of the computer system. However the human beings who
engage in computer use such as programmers, system analysts, system Engineers,
computer operators and every computer user is referred to as human ware.

In this project the human ware consists of all the persons that use the computer for
cable size selection jobs. The process of use of the computer for cable size selection
involves the following procedure:

(1) Physical installation of an appropriate computer.

(2)  Loading the computer with a compiler through input device.

(3)  Loading the programs on cable size selection input device

(4)  Running the program on cable size selection with the compiler at central
processing unit.

1) Inputting the specific values of electrical parameters relevant to your design.

2) Processing of the entire data in CPU by the computer.

3) Production of result in computer screen or printer (output device).

4) Collection of the result by human beings (hardware) as print out [hardware] or

screen display.

16



Here the process ends and maybe used for further application.
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CHAPTER 3

SYSTEM DESIGN

3.1 TYPES OF ALGORITHM:

In a simplistic sense a computer is an electronic device which works under the
control of a stored program. However a program is a sequence (list) of Instruction written
in a specified computer language. An algorithm is one of the foremost program designed
steps. It involves the application of a technique used in breaking down a problem into its
meaningful stages so as to admit easy programming. Algorithm is not in fact limited in
application to programming alone. It can represent the sequence of stages or steps
required to be taken in order to solve a specific problem. |

An algorithm is indeed a step-by-step set of instructions for solving a specific
problem. It can also be described as a set of unambiguous rules that define how a
particular problem or class of problems can admit a solution in a finite sequence of steps.

In general an algorithm can be defined as a list (i.e. a finite sequence ) of
instructions (each of which has a clear meaning), which can be carried out in a fixed
order (with a finite amount of effort and time) to find the answer to a problem.

In the process of writing a computer program that satisfies the duty of computing
cable sizes, the use of algorithm becomes very glaring. In this case the individual
components of the blocks whose sum totality represents the solution of the problem is
designed. Then a sub program is written for each block. There must interaction between
the respective blocks as required so as to actualise he designed result of cable size

computation.

The process of producing necessary instructions that make up a program involves

18



the following stages:

)
)
3)
4)

3)

Understanding the problem

Planning g solution method

Use of suitable algorithm to develop method of solution

Writing the instruction prescribed in the algorithm in a selected program language

Transcribing the instruction into the “machine sensible” form as input via

computer visual display unit (VDU) and keyboard.

6) Program Testing

7) Program Documentation

8) Program Installation.

The first 3 steps of the programming stages enumerates above belongs to
algorithms. A good algorithm must satisfy the following conditions.

1) Definiteness: Each instructions contained therein must be clear, unambiguous
and precise.

2) Finiteness: An algorithm must have finite number of instructions arranged in an
order in which there are to be executed and must terminate after a finite number
of steps

3) Effectiveness :  Each instruction in a good algorithm mat be sufficiently basic,

feasible and executable

1)
2)

3)

The types of Algorithm popularly used in programming are as follows:
Flow chart

Pseudocode

Decision table

The flowchart which is selected for use in this program of computer aid in cable

19



size determination and selection is a pictorial (graphical) representation of : steps taken to
solve a specific problem after the execution of the loop.

In this form of algorithm each processing step is placed in a box, and arrows used
to indicate the next step. Different shaped boxes stand for different ‘kinds of operations.
Each box is arranged in a logical se;luence so when programmes are written for each
block and properly linked, the end product is the actualisation of the desired result -

flexible cable size determination and selection.
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Some of the flow chart symbols used in the algorithm are as follows:

Symbols Usage
Names
Used as the first or last
The terminal symbol in a program or
Start stop separately drawn

)

program module

The Process

Used to represent
any kind of
processing activity
detail

A predefined process
symbol

Used to represent a
process, which has
been set out in detail
elsewhere

The decision symbol

Used where a
decision has to be
made in selecting the

subsequent path to be
fallawed

The input/output
symbol

Used where data
input output is to be
performed

Connector

Used to show the
connecting points
between two
connecting blocks.
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Link

Used to establish
connection
between a
flowchart block
and the other

These are however three basic control structures that any flowchart algorithm can be built

from its combinations. In fact two Italians computer scientists, C Bohm and G Jocopini in

1996 showed that the flowchart for any algorithm can be built from a combination of just

the following three basic kinds of flowchart.

These are as follows:
1) Sequence
2) Repetition/ looping

3) Decision/selection

These are represented as follows:

1. Sequence

Representation

!

Action 1

v

Action 2

v

Action3




2.Decision/Selection

b 5 Action
3 Repetation and Looping
Wikite Loop ii. Repeat....Until
<
Action _ A okios
—

Equivalent of the three control structures in pseudocodes are as follows:
ence Selection Repetition

n-1 if condition then while condition

n-2 Actions Actions
on-3 Else

Actions endwhile

Endif
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The distinguishing qualities of the three basic structures are as follows:

1) There are easy to recognise when looking for solutions to programming programs

2) They are simple to deal with because they have just one entry point and just one
exit point

3) They are free of complications of any particular programming language.

4 In the while loop the condition is tested before the loop is entered, whereas in the

repeat until the expression is tested after the execution of the loop. Therefore a repeat
loop will always be executed at least once even if the condition is false at the start.
The flowchart algorithm for the selection of cable sizes was designed bearing in mind the
various symbols and their relevant areas of application. The flowchart as a form of
algorithm was selected for application in this program because of its ease in being
understood as it is in pictorial (graphical) form

Some of the other forms of algorithm are 1)  Pseudocode 2)
Decision tree 3) Decision table.
1) Pseudocode: This type is similar to programming language. It uses a combination
of the programming language and the relevant language such as English language.
Statements like start, End --- while loop, Do --endo. Go to, - (line No) etc are commonly
found in pseudocodes.
It is however not selected for use in this program because it is not pictorial and may not
be well interpreted by a non-program Expert. However an illustrative example of
Pseudocode equivalent for this project is as shown in pages 26- 28.

Decision Tree: This find wide application in a program dealing with problems
that are almost entirely logical. The problems may be such that a number of possible

alternative actions are to be worked out so to admit programming. Indeed a decision tree
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gives a quick view of the possible alternatives. Example of Decision tree to be used in

determining the voltage drops in two cables types involving two different phase types

(single and 3 phase) is as shown below: ~ single phase———————voltage drop
Cable type /

\ 3 phase voltage drop

ingle phase voltage drop

Start

Cable type 2
3 phase voltage drop

FIG. 2
This type (fig 2) was not selected for use in this program on the cable determination
because it is decision intensive
Decision Table algorithm:
This is similar to decision tree but consider purely of a table indicting different selection
options.
A decision table for the program shown in the

decision tree (fig 2) is as shown below.

Condition N For cable type 1 means type 2, N For cable type 2
means type 1. Y Stands for yes and Good for Calculate

Input cable type 1 Y N

Input cable type 2 N X

Calculate current for type 1 GOOD

Calculate current for type 2 GOOD

Calculate voltage drop VD, GOOD

for 1.

Calculate voltage drop VD, GOOD

for 2.

Display Result GOOD

Display Result GOOD

FIG.3

This type (fig 3) was not considered in this project for the same reason forwarded for
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Decision tree.
N~ S CHART: This is an algorithm in a chart form. This N — S chart was not selected
for this project because of its complication in interpretation.

3.2 Computer flowchart development on flexible cable size selection

2y
(9%
g
—
¢}
[\

\r\

Display valid
range of cable
parameter

Input electrical circuit
Parameters

/

Process parameter to
obtain cable quantity &

quality

Output cable

parameters 1o
carry the load

Stop

FIG. 4
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33 | FLOW CHART ON FLEXIBLE CABLE SELECTION
See Appendix  (3)
34 PSEUDOCODE FOR FLEXIBLE CABLE SIZESELECTION:
Start
Print program topic
Print cable types and temp ranges
Input working Temperature (T), voltage (v), power (Wtl)
Number of phase (Ch) or current (IE)
If 0<I<32 then
Print I
Else
If cable type <I and cable type >5 then
Display invalid cable type
Restart
else
if cable temp< > range
Display invalid temp
Restart
Else
calculate current
compute voltage drop value VDU
End if
If Temp is valid then

Compute correction factor
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End if

Compute maximum length

Compute minimum recommended cable size for cable numbers
Print maximum cable size

Maximum weight supportable

Standard specification applied

stop

Refinement of Algorithm on flexible cable size selection

The technique applied in the structured design of the algorithm for the flexible
cable size selection is the Top-down design stepwise refinement style.

It consist of first specifying the solution to a problem in general terms and then
breaking the solution down into final and finer default. It involves a diagram that shows
the components of a program and the connection between them. The approach is to
determine what needs to be done, isolate the processing steps, and break the program into
a set of interrelated modules. The resulting diagram therefore becomes a useful visual
method for checking the design logic.

In this project the flowchart for the program was developed in three Basic steps.
The first (step 1) derives from the fact that the computer is an input, process, intput
system (IPOS). The computer demands inputs relevant to the design (Electrical circuit
parameters), stores and processes them and output the result through the VDU or printer
(hard copy (see fig 4). The result is therefore the size and cable type appropriate to the
design in line with the institute of Electrical Engineer recommendation (16th Edition).

The next step [step 2] deals with a broader algorithm stage of the design (see fig

3). This contains the VDU output of valid range of cable Parameter to input,and then the

28



values within acceptable range to be keyed in. If this is not the case, it flags off error
signal and recommences the process by demanding valid input values from the human
ware.

However if the input values are within the valid range, it is time for the next stage
of the sequence of steps to be carried out. In this case the computer will compute the
desired cable designs values. Then it outputs the result of its computation which of course
must be in tune with the recommendation for of institute of Electrical Engineers approved
values, size and type of flexible cable to conduct the load safely.

The last stage [3rd step] of the flowchart design (SEE appendix 3-3.2) involves

the further refinement of the second step. It refines the flowchart in its reasonable

stages to accept easy programming. In this the input decision blocks, process
blocks and output blocks are generously used to represent the individual
component or modules that can accept easy programming.

The step 3 represents the final algorithmic stage with the application of flowchart

representation. It is therefore on is flowchart that the project program is finally

developed.
3.5 Computer Programming Language Selection For Flexible Cable Design
Programme.

The act of giving instructions to computer is made possible through the computer
programming languages. A programming language is basically the mode of
communicating to computers. It is in the form of an artificially defined set of characters,
symbols and words into meaningful communications, so designed to be conveniently

used by human beings in developing programmes.

The computer programming languages are simply classified as code or machine
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language, assembly language, and high level language.

The code or machine language is one in which instructions and data are
represented in binary numbers. The binary numbers are number sequences consisting of
I’s and 0’s which can be executed by a computer without translation. In this type of
machine language, the numbers in the series consist of an operation code or OP Code that
the computer interprets to cause some actions to take place. The Op codes tells the
computer what action it is to perform, and gives names or addresses of the memory
location(s) that will be affected by this operation. This type of computer language was
not selected for use in this project because it is machine dependent and cannot be run in
another brand of computer.

The assembly language program is one that consists of mnemonics and symbols
such that each instruction corresponds to or resembles a machine instruction. In this type
mnemonics are used in the place of Op codes while symbolic addresses are used instead
of actual machine addresses. The program written in assembly language must be
translated into machine language through a special programme called the assembler.
This type of program language was not selected in this project because of its lavish use of
mnemonics and symbols which are not natural.

The high level computer language is one written in English-like manner. With
models of computer rapidly changing, programs written in either the code or assembly
language may require being re-written or at least major modifications to be operable on
any newly acquired computer system. However, high level languages are machine
independent. This means that a program in one of these languages need little or no
changes before it can run on a different computer system. Though this type of language

has the inherent disadvantage of speed of execution as it requires the use of either an
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interpreter or compiler, for translation, it is selected for use in this project due to its
versalility in computer systems. In high level language the processing begins by
translating the original program using a language processor to machine codes before its
execution.

The high level language are of various types: The Pascal, the FORTRAN, the C
language, the D base versions, the Basic (Beginners all-purpose symbolic instruction
code), the cobalt e.t.c.

However, in this project the specific program language selected for use is the
Basic (Beginners all-purpose symbolic instruction code).

This is because it is easy to write. It finds wide application in programming
scientific, mathematical and many business problems. It has the advantages of being
easy for the user to find out whether the program is working properly or there is a bug. It
also encourages running the computer in an interactive mode. In fact as soon as the user
submits a program and some data to the computer, the computer executes the program
produces the result back to the user immediately.

The basic is available on all Disc operating systems (DOS). The basic translators
have the following versions:

1. GWBASIC available on DOS 33;

2. Basic and basica available on DOS 4.01

3. Q Basic available on DOS 5 and above

The GWBasic, Basic and Basica are interpreters while Q Basic is a compiler.
The higher versions of basic show superiority and enhancement over the lesser versions.
The Q Basic supports blocked operations particularly structured programming than those

before it and also support instant syntax checking as instructions are entered and gives
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instant help on errors.
The programme on the selection of cable sizes for specific loads is Basic compiler
dependent and can be tested and run in Q Basic environment.
3.6 The Program On Flexible Cable Size Selection

The program is written in Basic language and in line with the developed
algorithm (see appendix4- -- 4.7).

The formal procedure or technique for this program de involves the following:
velopment

Program planning; program design; coding; debugging, testing, implementation,
documentation.

Program_ Planning: This is the preliminary stage in program development. It is

virtually impossible to write a computer program without first identifying and clearly

understanding the problem. In this case the problem is as follows:

1. The use of table 4H3A and 4H3B of 16" edition to determine flexible cable sizes
ranging from “5m” to 4mm” with current range from 1 to 32 Amps. For five cable
types and the determination of the mass support table by the twin flexible cords.

2. The governing temperature range for each cable type is as follows:

Cable Type 1 3FC 10 35°C
Cable Type 2 35°C to 55°C
Cable Type 3 35°C to 70°C
Cable Type 4 35°C to 145°C
Cable Type 5 35°C to 175°C

Cable type 1 represents 60°C flexible rubber cord.

Cable Type 2 represents PVC cords
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8.

Cable Type 3 represents 85°C rubber cords, having a h.o.fr sheath or a heat-

resisting PVC sheath.

Cable Type 4 represents 1500C rubber cords

Cable type 5 represents glass fibre cords
The cable conductor specifically considered is copper conductor as aluminiumtypes
not applicable in this range.
The voltage consideration is for phase or one phase with their respective voltage drop
per ampere per meter according to 4H3B
correction factors for the appropriate flexible cable is applied as recommended by
table 4H3B.
The result of the computation is the specification of flexible cable size appropriate for
a specific load, the maximum tolerable length of the flexible cable, the maximum
weight supportable and the regulation applied.
However, if the cable and temperature parameters are not within range, the error
signal is flagged off and the program recommence or terminates as may be desired by
the user.

The program assumes surface wiring.

CALCULATION: Step 1

given as: 4

The formula for the determination of the load (current) the cable is to conducts is

IV pF for single phase

Where P = power in watts

I = Current in Ampers

pF = Power factor (values 0 - 1)

1= P
L8 P

F
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for3phase I = P

INPF

If (load) current of value is specified, there is no further need to calculate it.
When the contrary is the case the computer computes the value base on the above
formula and the phase input (one or 3 phase).
Step 2

Once the cable type is selected and the appropriate load (current) supplied or
calculated as the case may be, it is time to select the correction factor based on the input
temperature according to table 4H3A of 16" edition of IEE (see appendix 1)

For example, correction factor for 40°C of 60°C PVC cord is 0.82, that for 150°C
rubber cord of 35°C to 120°C is 1. |
Step 3.

Now having known the load (current) to be conducted by a specific cable type and
the correction factor relevant to the prescribed ambient temperature, it is time to calculate
the actual current (load) that will be incident on the cable as follows:

I actual = Iinput
Correction factor

For I actual of 3 Amps single phase and correction factor of 0.41 as in 60°C flexible PVC
cords, of 55°C.
Iactual = 3 Amps = 7.31A
41
Step 4
Under the current carrying capacity of table 4H3A the specification is 0.75mm>
for 6 Amps and Imm? for 10 Amps. 7.31 Amps can therefore, be conducted by cable

sits : 2
type one of minimal cross sectional area of Imm”.
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Step S Determination of Maximum Cable Run

This is given by Vd/A/M_= 9.6 for single phase
1000

OR Vd/A/M = 4% for 1 or 3 phase voltages
1000

Where Vd = Voltage drop (In millivolts)
A = Current in ampere

M = Length of run in meters.
Hence for say single phase situation the result of the maximum length computation for
the cable being considered (1) and temperature (55°C), is as follows:

M = 9.6 x 1000/(Vd/A/M)

9.6 x 1000
46 x 7.31

28.55 meters

This calculation is for excess current protection coarse. For excess current
protection close, M is multiplied by 1.33 factor. In this case 1.33 x 28.55 = 37.97m
Step 6

The maximum mass supportable was read of according to table 4H3A for 10
Amps equal 5kg.
Step 7 v

The relevant computations can be carried out for 3 phase situation, respective
correction factors and specific cable types as required by reading off the voltage drép per
meter per amp as for 3 phase as contained in table 4H3B that is 40mV (see appendix 2)
Step 8 .
When and where any of the specified parameters are exceeded either by input or

calculation, the “error invalid signal” must be displayed and the program restarts or
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terminates as may be desired by the user.

These are the problems the program sets to achieve.
Program design: The design is perhaps the most important stage as it outlines and
defines the set of rules required for the solution of the problem (cable size selection). It
involves the listing of successive steﬁs the tools used to achieve this is the algorithm.
(see appendix 3)
Coding: Once the steps of the solution of the flexible size selection problem is ordered
and outlined, the next stage is the transformation of the steps to the form understandable
by the computer. Therefore for coding stage covers the transformation of the design
made earlier into a chosen computer language as well as enterin'g the programs into the
computer. In this case the chosen computer language is the Basic language. (see
appendix 4)

The next stages of program development are treated in the next chapter (Chapter

four).
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4.0

4.1

CHAPTER 4

SYSTEM ANALYSIS

Program Analysis

The program analysis can be said to commence after coding the program. Some of
the premier stages of program analysis are the Debugging and testing stages.

In this program of flexible cable size selection through the use of computer, there
were ample examples of debugging exercise carried out even after the program
had be coded in Basic language.

The basic bugs that occurred in the program were syntax and logic errors.
Here and there in the premier program, there were syntax errors which involved
incorrect punctuation. These include the use of Go sub statement without return,
the use of Goto statement without line number, the use of alpha (string) constants
without dollar signs and undefined variables etc.

These errors were easy to find and were corrected because the language
processor pointed them out by printing error messages on the source listing. These
errors actually occurred at compilation time.

Logic Errors:

Though the syntax errors were corrected, the program still failed to

produce the expected results. This is because the formula used were incorrectly keyed in

and the conditional statement, logic were defective. defective etc.

This problem was solved by checking the planning of the program as well as the

design logic. The program was run using simple data with known answers and the

program output compared with known results (see appendix 5).
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determine whether any error still remains in the program. Testing is therefore the process
of running the computef program and evaluating the program result so as to determine if
any errors exit. This is achieved by running the program with various sets of input values
so as to be sure that the expected result is obtained.

In this program flexible cable size selection for specific loads various test values
for used and the cables sizes obtained compared with expected values. The values used
for the tests were both extreme and intermediate values. The test values, computer output

values and expected results are as shown in appendix 5.
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The colour codes which form a part of the programs attention to visual comfort on
the screen are contained in appendix 6.
Based on the above test values the program on cable size selection is a highly reliable and

successful..
43 PROGRAM IMPLIMENTATION:

Since the program c-)n flexible cables size selection has been tested and found
working as required, the next stage attention was focused on the implementation stage
which is concerned with making the program fully operational. That is, it involves
applying the program to solve actual problem of flexible cable size determination for
various loads as may be required by the user.

In this implementation stage it must be noted that the computer for which this
program is run must have Q Basic environment. At the C prompt command , the
program diskette is inserted. The A: is typed and entered at the prompt to change to A
drive. Then Alt + f is entered to obtain the file menu. The file is opened by entering
'‘Open' at the file menu. In the VDU display that results NO 1 * Bas or the tab and cursor
combinations used to access the file name that in No.1 * Bas is typed in. This takes you
to the program on flexible cable size selection environment. The program is therefore run
© by typing in F5.

The display from the VDU that results is highly interactive as it displays the
purpose of the program, the acceptable temperature voltage, power factor and current
values and ranges. Immediately the necessary inputs are made the result is the display of

relevant flexible cable size, maximum weight it can carry and the relevant regulation used

to obtain the result.

The program can be exited by typing in alt + f to get the file menu. The cursor is
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then moved to 'Exit' and entered. Immediately the C prompt is displayed again. The
diskette is then retrieved from the CPU and if necessary you can debut the system.

This way the program on flexible cable size selection at specific loads is
implemented.

It is very important to know how to access the program See program
implementation. Immediately the program is accessed and run, the program title is
display sleeps for 3 seconds and the screen is cleared with another display which
specifies the different cable types covered by the program [type 1 to 5] the permissible
current and temperature ranges. The current value should not exceed 32 A for the flexible
cables under consideration whereas the temperature ranges are according to the cable
types 0 to 175 degree centigrade in general.

The Display is again cleared and program now begins to demand cable input,
voltage value power factor and phase type design values intended by the program user.

The supplied values are used to compute the design current. However if any of the
inputs are out of range the program stops further processing, displays errors message,
recommences the program hoping that the new values input will be within its specific
range. If this is the case, it computes and displays the current value obtained as a result of
' the computation so that the user will be well aware of the current value being used to
arrive at the appropriate cable size to carry such current safely.

The next display is the voltage drop per meter per ampere computed bas¢d on
table 4H3A and B of IEE regulation 16" Edition (see appendix 1 and 2).

4.4 PROGRAM DOCUMENTATION:
This is the description of the program in the proper form for the users and to

enhance maintainability.
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This project (software) maintenance is divided into two parts as follows:

1) Software integrity maintenance

2) Program maintenance

Software integrity maintenance: In this software is made to continue to function

normally. This is achieved as follows:

1) Offering protection to the program (cable size selection) from being infected by
virus. This can be achieved by using the current version of a very powerful anti-
virus program.

ii) Storing the diskette including its backups in a safe air cool temperature.

iii)  Ensuring unauthorised duplication of the software.

iv) Using original version of the software except when it is freely downloaded on the

Internet.

V) Quitting the software in the normal way and not through switching off of the

system.

vi) Program maintenance: The maintenance of this program is highly ensured by

the style of writing the program and the use of sub-programs which can easily submit

themselves to changes. The documentation of this program is important as it aids its
j maintenance.

The cables can be maintained if more cable types are to be covered by
introducing another subprogram using additional Go sub statement, introducing the
required temperature ranges for the new cable type, specifying correction factors in the
appropriate segment of the program as may be required.

i) Documentation : The documentation is both internal (use of remarks)

and external by the use of flowchart and Elaborate description of the program.
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The display of various cable types, current ranges and temperature limits is to
guide the users against inputting values that are out of range. However whenever
this is the case, error message is immediately generated and displayed.
The technique of this program is such that if current value is supplied, there will be no
need for its calculation but if this is not the case, current carrying value of the cable is
calculated using the power voltage and power factor values keyed'in. The formula.used
for this is
I =P/VxPf for single phase situation
and I=P3xVxPf
Where Pf = Power factor

P

I

Power in watts

I Current in amps
The value of current intended to be conducted by the flexible cable is displayed so that
the user will keep track of the current value being used for a specific cable type chosen.

The next is the calculation of permissible voltage drop on the cable. This is
achieved by two sub-programs one for single phase situation and the other for 3 phase
situation as prescribed in Appendix 1 and 2. However the permissible voltage drop is
determined with the use of correction factors which are functions of anticipated working
temperature of the design.

The formula for this is

IT=1Z/X
Where 1Z is the input current

X = the correction factor

IT = the upgraded current value as a result of working temperature.
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A great chunk of the program specifies the various correction factors for different
temperature ranges for a specific cable type in accordance with table 4H3A see appendix
(see appendix 1).
Having established the correction factor the formula
K=0.04x V x 1000
Where V = applied voltage in volts
K = the overall permissible voltage drop in volts
Then M =K/VDI
Where M is the maximum permissible length in meters.
The cable size specified is a function of the upgraded value of the input current as
specified in Table 4H3A (see appendix 1 and 2). The determined maximum length of
cable is for coarse excess current protection. However where close current protection is
to be used, the value of M is multiplied by 1.33.
The program however displays the two values of M so that the designer can select
which one best suits his design. Here it ends
This program on selection of flexible cable sizes for specific loads is written in
basic language and applies a lot of techniques ,styles and manipulations to achieve its
purpose and produce results. The user can then make final decisions on what he needs.
1) In fact this program presents almost all the facts required for all cable size
selection
There is ample use of remarks in the program to ensure good internal
documentation of the program. (see appendix 4).
The program uses the following basic commands effectively and efficiently to

achieve results:
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Locate cls, print, colour input, if ---- Then --- Else if---endif; if--- then---End If,
Go sub---'Return, tab, Goto, etc.
The rules for numeric and alphanumeric constraints were obeyed. The colour codes used

are as contained in appendix 6.




5.1

)

1)

2)

CHAPTER 5
LIMITATION:
Like any other program written in basic language, this program is prone to
certain limitations. This stems from repetitive use of if ---Endif, if --- then, Goto,
if -- then -- else End If etc commands. The program is a bit voluminous so as to
account for all necessary conditions.
The limitations in this program can be classified into 3 main categories as follows
Time Constraint (2) Space Constraint (3) Cost Constraint.
Time Constraint: ~ This program is not run immediately it was written and keyed
in. This led the author to do extensive research by visiting libraries, practising
programmers, etc and seeking advice from the supervisor. The program therefore
seemed too involved and consumed a lot of time but thank God it is an actuality.
Space Constraint: This program can at best be reported within the space
(number of pages) prescribed by the authority of the federal university of
technology for project of this kind. So one has to compress or cram the entire
project work within the specific page range. A better report work may be achieved
if more project paper space is allowed.
Cost Constraint: The entire project work is to say the least expensive. It
involves a lot of running about, and production costs. In the present economic
dispensation of the country, one has to have a lion's heart to actualise project like
this in terms of cost.
Technically some of the limitations of this project are as follows:
Limited number of program books in the library

Limited number of computers at the disposal of project executioners
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3)

4)

3)

5.2

Not modularising program projects and assigning modules to more than one
student.

This program can only run in a Q basic compiler

Maintenance of the program will require the attention of the author or program
expert.

CONCLUSION:

This idea to allocate projects of this type to students is indeed a laudable thought.

It indeed offers an opportunity and challenge to the students to apply their

knowledge of computer and computer programming to the solution of the

problems of our time and even beyond. It is an effort which requires the

application of classroom lectures and practical experience gathered during the

post graduate course to solve problems relevant to ones field.

This program on flexible cable size selection is one such application of computer

programming learning. Now, flexible cable sizes can be determined without scanning

through volumes of institution of Electrical Engineers editions but just by keying in the

design cable parameters and the computer does all the computations.
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RECOMMENDATION:

' Based on the experiences gathered while compiling this program 'flexible cable size

selection' I recommend as follows:

)

2)

Assigning of projects involving program writing project to post graduates students

is a welcome development as it enables practice to be marched with theories.

what they learnt.
Projects should be made less expensive by the management of federal university

allocating funds to the department of maths and computer science, the project co-

ordinator and project supervisors for project matters
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An alumni of PGD (post graduate diploma) federal university of Technology

Minna should be immediately instituted with the aim of increasing funding to the

Department of Maths and computer science especially in the area of purchase up-

to-date, state of the art computers for Example windows This can be done such

that before any graduate receives his certificate he must register with the alumni

with a specific amount of money which will be used to up-date the library and

others

More than one student can compile a project work

This program on cable size selection should be stored properly and maintained as
necessary so as to obtain desired result any time it is used '

The institution of Electrical engineers should be informed of this program as it

may lead to more international recognition -of the university efforts at

programming.

The idea of introducing post graduates diploma in maths and compﬁter science is

a very laudable thought as it bring computer literacy to the door step of

professionals.

49




REFERENCES

B.L and A.K Theraja (1999) Electrical Technology, S. Chand & Company Ltd. New
Delhi, Edition

Microsoft Co-operation, 1985, Microsoft GW Basic Users guide,
Technology Research Co limited Hong Kong

IEE Wiring regulation, 1992, Regulation for Electrical installation BS 7671, A. MC Lay
and Co Ltd, Cardiff, 16" Edition,

RCIM (1996) Computer Maintenance Course Manual, Regional Centre for Micro

information Maintenance, Lagos

Adediran and Kukoyi, 1995 Fundamentals of Electrical Circuits, FUT, Minna.

Prince Badmus (1997), Introduction to Computer System Lecture notes, FUT Minna.

Israel O, (1997) Algorithms, Lecture notes, FUT Minna

Kola Raimi (1998) Computer Programming made easy, Lecture note, FUT Minna.




AFFEMDIX 2
TARLE 4H3EA
FLEXIBLE cords
RS 6141
RS SO
COPreER COMDUCTORS
CUREELT Corpy ope CoraCITY (AMPERES) @0 and MASS SURPORTARLE «

TT NN e (e aems Giee e ST TS $91W M08 300e8 10sen Semes SHNNe Shere GHENS seem Simes Sess Saie Sdeah SO0t bt $00en Sased SUNsS Sead Feasd beish SPekn Sebth Hoemm Srimn Sesmd el See S e demed Seoee Sedsm detee Beass USk oo e e Cratd S

Caridae) I CURREMT CARRYING CAPACITY IMax.mass supportable
Cy s e reEtional Jo i e e s ek s e s iR e UL By uh SR R et R e S o
A iy It-Fhase a.c | 3-Phase a.c | {see reg SZ2-A8-@6)

1 ! i . 3 !

4 ke A0S S hae SHALe Cesrs Badwn Sahs Shiee MAS Sk et UL Bils Sebi ke eee Sares SeANR Seene bemih SeCRR Si04e SARF Seime Serce SMRRS BTe LA WS Faid e et e FO At SeReY bechd e e e e s SR Fvict WAk o S e

! n ! A ! Mg
i, ! ! > | 3 I &
g, ! & ! & ! 3
] ! 12 | 1 ! 5
Wy | 13 ! - | 5
1.5 ! 16 ! 16 ] 5
o, I 25 ! 20 | =
] a2 ! 25 ] =

f4 none §hia rhien bR 40118 K94 SRS AR SaS Setie SPCE FLASS FORRS 0088 Foonp Ponsm HHmm SASS SO BASE SHIRE THeBS ARSED Sora 44N Vivem s MRS Shad 7o Feaey S4SS. GELLS M Soune AGLSR TeemS STOSY S5eNe Someg Seern Semds st

Mon Reel
CORPRECTION FACTORS FOR AMRBRIENT TEMRERNTURES

i dey. o rabber and pve cordss:
fhabsicnt tenmp. (degree C) 35 4@ 45 =y et
Carrent tun {actor .91 V.82 Q.71 Q.58 @.41

07 e gy abber cords having a heo. for sheath or a heat-vresisting
poe chizath oand For 85 deg.C heat resisting cords:

Nobrd ot teomp. (deg. C) 3550 it 6 65 7@
Crasr oot ion factor 1.0 7. 96 Q.83 Q.67 Q.47

LA deyg. U yvubber cordse »
fimbvient btemp. (deg. O) S8~ 12% 125 130 135 143 145
Carveaction Taobor 1.9 @, 96 @, 89 . 74 @60 . HE

Glass Fibre cordss
Mmbaient temp. (dey. C) 35150 135 L6 165 176 175
Coyvpchion factoy 1.4 @A, 9 @, 8 7 i S Py @, 49




ENDIY 2

T 41ER

IR TE NI TYP Y ¥

{prey ampere peyr meter): Conductor operating
temperatuwre: 68 deg C

BRI I dee o single phase a.cel @ Three-phase a.c
(e G R W= o B T ] !
! I
! <y ! 3

! !

Y, T : n3 I o
!

o ! X ! 54
!

| X ! 4
l

! a7 I -

!

' ' az | 27
!

g ! 19 ! 16
n

! 12 | 1@

ROTE: the tabulabed values above are for 6@ dey. € rubber-insulated
N bed flexible covds and for other types of flexible
ave b be multipliesd by the following factors:

i T G I 10 R 4

P A% afeiz. O cubBheys g pevsc-insulated 1.29
IV deg. O rnbitier-insul atedd 1. 31

fog. £, gllass ~Fikye 1.43




APPERBITY

:
3

i LHART ON FLEX-CABLE

FLA

SELECTION

17E

S

-~

-y wM g
3
Ry <X —!lA ”” '
>
—cT
S oaaraced, |
iy
bl =)
L
And
o | NXMWEL ~ o
T,
ST
Sy
<.
sogat
. e a—— D i e e T
.8
!
[
e
PR |
Bt
b

pmTT Ay
N{AFLA

THIALID

L Xeart




APPENDIX 3.4

t T we——

/ (3
: am.';\
Ho

198
€1 o2




vlX 3.2

®

PISFLAY

CORPRTE LhROD
0 Fuit 474

.‘A

Guss 2u i y3 R0

1E8

S0SUB 3338
CONPUTE WhRoP
VUL FOR3EANSE

nh3s $UfPGR
TOLERRELE ¥




APPENDIX 3.3

©

18

AIT¢{=32

NO

PRINT HAX. ACCEPTABLE CABLE
LENGTHCM  HIN. CABLE SIZE(P)
MAY. WETSAT SUPPORTABLE EY THE

STOP




REM APPENDIX 4
10

CLS

REM PROGRAM ON CABLE SIZE SELECTION
LOCATE 9, 20: COLCR 4, 8, 9

PRINT " Program on flexible cable (cords) size selection by ojiogo
P

SLEEP 3

CLS !

REM DISPLAY CABLE TYPES UNDER CONSIDERATION

COLOR 15, 2, 5: PRINT : PRINT .: PRINT=:=PRINT

PRINT "Cable Types"; TAB(62); "Number"

PRINT "60 deg c rubber-insulated Bs6141"; TAB(65); "1"

PRINT "PVC insulated flexible-cords bs6500"; TAB(65); "2" .

PRINT "85 deg c rubber or PVC insulated"; TAB(65); "3"

PRINT "150 deg c rubber or PVC insulated"; TAB(65); "4"

PRINT "185 deg c glass fibre"; TAB(65); "5": PRINT : PRINT

COLOR 14, 4

PRINT " ALL THE ABOVE ARE FLEXIBLE CORD TYPES"

INPUT "select any of the above numbers appropriate to your cable type";
c$

IF C$ < "1" OR C$ > "S5" THEN BEEP: CLS:t:ilGOTOS 0RELSE

IF C8 <> "1™ AND.CS <> "2" AND C$ <> YSWIANDCSRL>aMAnaAND 'ColacsLubn
THEN BEEP: GOTO 10 ELSE

5 CLS

GOTO 16

16 COLOR, 5, 7, :8

PRINT "ACCEPTABLE TEMPERATURE RANGES FOR THIS PROGRAM ARE IN
ACCORDANCE WITH "

COLOR S, 7, 8

PRINT " TABLE 4H3A 16TH EDITION OF IEE REGULATION AS FOLLOWS"
COLOR 6, 7, 8: CLS ¢ PRINT : PRINT ¢ PRINT

PRINT TAB(0); "CABLE TYPE"; TAB(25); "CURRENT RATING(AMPS)"; TAB(60); "
TEMP RANGE"

PRINT TAB(60); "(IN DEG CENT)"

COLOR: 5, .« 7; 8

PRINT TAB(0); "(1)60 deg c insulated"

PRINT TAB(0); "flexible cable BS6141 "; TAB(30); "0<I<=32 "; TAB(60); "0
G L

PRINT TAB(0); " (2)PVC insulated flexible" )
PRINT TAB(0); "cord BS6500"; TAB(30); "0<I<=32 "; TAB(60); "0 < T <
55 PRINT

PRINT TAB(0); "(3)85 deg. cent. insulated" ‘
PRINT TAB(0); "flexible cord"; TAB(30); "0<I<=32 "; TAB(60); "0 < T < =
70": PRINT

PRINT TAB(0); "(4)150 deg. cent. PVC "

PRINT TAB(0); "or rubber cords insulation"”; TAB(30); "O0<I<=32 ";
TAB(60); "0 < T < = 145": PRINT

PRINT TAB(0); "(5)185 deg. cent. glass"

PRINT TAB(0); "fibre insulated"; TAB(30); "0<I<=32 "; TAB(60); "0 < T <
="1715%9 - PRINT

LOCATE 23, 10: COLOR 15, 2, 5




REM APPENDIX 4.1

INPUT "working (ambient) temperature of cable"; t
IF CS8 = "1" ORI C® = ™2% ‘THEN "
'Test for temperature

JF' £ < 0 OR-t > 55 THEN

BEEP: CLS : GOTO 210

ELSE

CLS : GOTO 24

END IF

END IF

IF C$ = "3" THEN

'Test for temperature
IE £'< 0 OR t > 70 THEN
BEEP: CLS : GOTO 335

ELSE
CLS : GOTO 24
END IF

END IF

IF C$ = "4" THEN

'Test for temperature

IF £t < 0 OR t > 145 THEN
BEEP: CLS : GOTO 410

ELSE

CLS : GOTO 24
END IF

END IF

IF C$ = "5" THEN

'Test for temperature
LFFe < O OR'Et > 175 THEN
BEEP: CLS : GOTO 710

ELSE

CLS : GOTO 24
END IF

END IF

CLS

LOCATE 10, 20: COLOR 4, 15, 2

24 LOCATE 10, 20: COLOR 1, 2: PRINT "A....ANTICIPATED LOAD IN WATTS
INCIDENT ON THE FLEXIBLE CORD"

LOCATE 12, 30: COLOR 2, 8: PRINT "B.....EXPECTED CONDUCTOR DESIGN
CURRENT IN AMPS " o
LOCATE 15, 20: COLOR 8, 2: INPUT "KEY IN EITHER (A) OR (B) AS

APPLICABLE"; z$




APPENDIX 4.2

CLS
IF z$ = " " THEN 15 ELSE 20

20 IF z$ = "A" OR z$ = "a" THEN 30

IF z$ = "B" OR 2z$ = "b" THEN 35

30 LOCATE 15, 18: COLOR 13, 6,5

INPUT " A.... enter the load in watts incident on the cable "; wt
LOCATE 17, 20: COLOR 13, 6, 4 :

INPUT "Enter the cable input voltage "; V.

LOCATE 19, 20: COLOR 12, 6, 4

31 INPUT "enter power factor(pf) { o< PEL=LT) Y g

IF g <= 0 OR g > 1 THEN

CLS : BEEP: LPRINT "POWER FACTOR OUT OF RANGE":

SLEEP "2: CLS: & GOTO 31

ELSE

CLS

GOTO 45

END IF

CLS

35« LOCATE 13, 20: COLOR 15, 2, S

INPUT " Enter conductor design current in ampere"; iz

IF iz <= 0 OR iz > 32 THEN 40

LOCATE 14, 20: COLOR 14, 3, 4

36 INPUT "enter conductor design voltage in volts"; V: CLS : GOTO 50
40 BEEP: CLS : PRINT "CURRENT INPUT OUT OF RANGE ( 0 < I <= 32) "; iz:
BEEP: SLEEP 2: GOTO 35

45 CLS

LOCATE 14, 18: COLOR 12, 6

INPUT "enter (y) for 3 phase or (n) for single phase "; CH$

CLS

IF V < 0 THEN PRINT "UNREASCNABLE VOLTAGE VALUE"; V: CLS : GOTO 36

IF CH$ = "y" OR.CH$ = "Y" THEN iz = wt'/ (3 * V% q): GOTO 47
iz = wt /*V

IF iz’ <= 0 OR iz > 32 THEN

BEEP: CLS

PRINT "Current Out Of Range ( 0 < I <= 32) "; iz: SLEEP 2: CLS : GOTO 35
ELSEIF iz > 0 OR iz <= 32 THEN

CLS

47 LOCATE 5, 30: COLOR 14, 6

50 PRINT "NOTE THE CURRENT VALUE FOR WHICH THE DESIGN IS INTENDED
ACCORDING TO YOUR INPUT VALUES ="; iz; "AMPS"

END IF

INPUT "Did you make any mistake in your input values (PARAMETERS) ( Y/N)
"’. J$

''L$ = J$

I F J$ = "Y" OR "L$ n = l'y" THEN

GOTO 10

CLS

END IF




REM APPENDIX 4.3

CLS
IF iz > 32 THEN

LOCATE 10, 40: COLOR 4, 8, 1: PRINT "this current¥:; iz; " AMPS 'is too
high "

PRINT " for flexible cords "

INPUT "DO YOU WANT TO CONTINUE ( Y/N) "; P$

IF P$ = "Y" OR P$ = "y" THEN GOTO 10
IF P$ = "n" OR P$ = "N" THEN GOTO 1000
END IF

IF C$§ = "1" OR C$ = "2" THEN GOTO 200 ELSE IF C$ = "3" THEN GOTO 330
ELSE IF C$ = "4" THEN GOTO 400 ELSE IF C$ = "5" THEN GOTO 700

200 IF £t < 0 OR t > 55 THEN

210 LOCATE 8, 40: COLOR 4, 8,. 15

PRINT "This temperature"; t; "DEG CENTIGRADE is too inapropriate for":
PRINT " flexible cords" '

310 INPUT "Do you want to continue(Y/N) "; Y$

CLS
IF Y$ = "y" OR Y$ = "Y" THEN GOTO 10
IF Y$ = "n" OR Y$ = "N" THEN GOTO 1000
END IF

IF GS <> "1" OR C$ <> "2" THEN

IF C$ = "1" OR C$ = "2" AND t >= 0 AND t <= 55 THEN GOTO 320

320 IF t <= 35 AND t >= 0 THEN x = 1 ELSE

IF t > 35 AND t <= 40 THEN x 9 = A 0= RN O A R ) S RTISE
IF t > 40 AND t <= 45 THEN x J82 = (45 =) ) LS 5V RLSE
IF t > 45 AND t <= 50 THEN x + 071 = (HUS08=me )k ] 3) 5/ =5 IEELSE
IF t > 50 AND t <= 55 THEN x «58 = (55 E=NE )k L)/ B RLSE
GOTO 1500

END IF

330

REM correction factor for 85 deg centigrade rubber cords

IP-CS <> 3" GOTO 500

IF t < 0OR t > 70 AND C$ = "3" THEN

335 LOGATE 8,.5: COLOR 5, 9

PRINT "This temperature"; t; "DEG CENT is inappropriate"; :
PRINT " for flexible cord number"; "3"

INPUT "DO YOU WANT TO CONTINUE(Y/N)"; g$

GOTO 419

END IF

IF C$ = "3" AND t >= 0 AND t <= 70 THEN GOTO 340
340 IF t >= 0 AND t <= 50 THEN x = 1 ELSE

IF t > 50 AND t <= 55 THEN x = .96 ELSE
IF t > 55 AND t <= 60 THEN x = .83 ELSE
IF t > 60 AND t <= 65 THEN x = .67 ELSE
IF t > 65 AND t <= 70 THEN x = .47 ELSE

IF t > 70 AND C$ = "3" THEN

LOCATE 8, 40: COLOR 5, 9, 10

PRINT "This temperature"; t; "DEG CENT is too high for 85 deg
centigrade":




REM APPENDIX 4.4

PRINT "rubber cords having H.O.F.R sheath or a heat resisting Pvc
sheath" !
PRINT " and for 85 deg centegrade heat-resisting Pvc cords"

INPUT "Do you want to continue (y/n)"; q$

END IF

CLS

419 IF g$ = "y" OR g$ = "Y" THEN GOTO 15

IF g$ = "n" OR g$ = "N" THEN GOTO 1000

' END IF

REM correction factor for 150 deg centigrade rubber cord
500 IF C$ = "4" THEN

GOTO 400

END IF

400 IF t < O AND t > 145 AND C$ = "4" THEN

410 LOCATE 8, 40: COLOR 5, 9, 10

PRINT "This temperature is inappropriate for 150 centigrade rubber

cords": &; Y-eent™

INPUT "DO YOU WANT TO CONTINUE (y\n) "; g$
GOTO 419

END IF

IF C$ <> "4" THEN 700
IF t >= 0 AND t <= 120 THEN

x =1

END IF

IF t > 120 AND t <= 125 THEN

X = .96 - n
END IF A
IF t > 125 AND t < 130 THEN

X = .85

END IF

IF t > 130 AND t <= 135 THEN

X = w4

END IF

IF t > 135 AND t < 140 THEN

X =16

END IF

IF t > 140 AND t <= 145 THEN

x = ,42

END IF

IF t > 145 AND C$ = "4" THEN

LOCATE 12, 44; COLOR 4, 8, 15

PRINT "This temperature is too high for 150 deg centigrade rubber
cords”; t; " deg Cent "

INPUT "DO YOU WANT TO CONTINUE "; g$

GOTO 419

END IF

IF C$ = "5" THEN

0. - IF ¢S = "5" AND € < 0 OR t > 175 'THEN

710 LOCATE 12, 40: COLOR 4, 8, 14

PRINT "THIS TEMPERATURE IS INAPROPRIATE FOR GLASS FIBRE CORDS"; t
INPUT "DO YOU WANT TO CONTINUE"; g$




REM APPENDIX 4.5

GOTO 419
END IF
END IFE
CLS
'IF ¢ <> "5" THEN 1005
IF C$ = "5" AND t >= 0 AND t <= 150 THEN
Y ¢
END IF
IF t >= 150 AND t <= 155 THEN
x = .95
END IF
IF t > 155 AND t <= 160 THEN
x = .82
END IF
IF t > 165 AND t <= 170 THEN
X = .57
END IF
IF t > 170 AND t <= 175 THEN
x = .4
END IF
IF £t > 175 AND C$ = "5" THEN
LOCATE 8, 40: COLOR 4, 8, 15
PRINT "THIS TEMPERATURE IS TOO HIGH FOR GLASS FIBRE CORDS "
INPUT "do you want to continue (y/n)"; g$
GOTO 419
END IF
IF x = 0 THEN
PRINT "THIS VALUE OF CORRECTION FACTOR IS UNACCEPTABLE"
INPUT "DO YOU WANT TO CONTINUE (YNt e g
GOTO 419
END IF
1500
itgerdeux
1005 ¥F it <= 0 OR it > 32 THEN
PRINT " THIS VALUE OF CURRENT OBTAINED AFTER CORRECTION FACTOR
APPLICATION"; it; "AMPS"; "IS UNACCEPTABLE"
GOTO 660
END IF
IF it > 32 AND VD1l = 0 THEN
660 'LOCATE 10; 53 :COLOR 4, 8, 13 PRINT "This current'; 1t NAMPSY: Mis
too high for flexible cords "
INPUT "DO YOU WANT TO CONTINUE ( Y/N) "; P$
IF PS5 = “y" OR ‘PS = "y" THEN'GOTO 10
IF P$ = "n" OR P$ = "N" THEN GOTO 1060
END IF
CLS
IF CHS$ = "y OR CH$ = "Y" THEN
GOSUB 3500
END IF
i GHS <> "y"™ OR CHS <> "Y" THEN
GOSUB 2500
END IF




REM APPENDIX 4.6

IF VD = 0 THEN 926

IF C$ = "1" OR C$ = "2" THEN VDl = VD ELSE

IF ¢S = 3™ THEN VDl = 1.09 * VD ELSE

IF €$ = " 4™ THEN VD1 = 1.31 * VD ELSE g
VOl =, 1.43 * VD:

LOCATE 7, 3: COLOR 7, 2

PRINT "Permissible Voltage Drop On This(flex cord) Cable Of Current";
Bt SAMPS": “="; VDljy; "™ Millivolts™

PRINT "VD="; VD1

IF V <= 0 THEN

LOCATE 2, 21

PRINT "THIS VALUE OF VOLTAGE"; V; "VOLTS IS UNACCEPTABLE"

GOTO 310

END IF

911 K= .04 *v * 1000 / it

IF VD1 <> 0 THEN 921

IF VD1 = 0 THEN

926 PRINT " THIS VALUE OF CURRENT OBTAINED AFTER CORRECTION FACTOR
APPLICATION IS OUT OF RANGE"; it

INPUT "do you want to continue (Y/N)"; g$
GOTO 419

END IF

921 M=K/ vDl

FOCATR 10, 13: COLOR 15, 2,1

PRINT "THE MAXIMUM ACCEPTABLE LENGTH OF CABLE NUMBER "; C$:; "="; M *
1.33; "Meters"

LOCATE 10, -21: COLOR 15, 2, 1

PRINT "IF CLOSE EXCESS CURRENT PROTECTION IS TO BE USED IN THE DESIGN"
LOCATE: 12, 17: COLOR 14, 2,4

PRINT "OR THE MAXIMUM ACCEPTABLE LENGTH OF CABLE NUMBER "; C$; "="; M;
"Meters"; "IF COARSE EXCESS CURRENT PROTECTION IS REQUIRED IN THE
DESIGN"

TE. CHS = "Y' OR.CHS = Y“y" THEN 925

925 IF it <= 3:THEN

Pi=.7.5
ELSEIF it <= 6 AND it > 3 THEN
Bi= 75

ELSEIF it > 6 AND it <= 10 THEN

P=1
ELSEIF it > 10 AND it <= 16 THEN
Pi= 1.5

ELSEIF it > 16 AND it <= 20 THEN
P=2.5

ELSEIF it > 20 AND it <= 25 THEN
P =4

END IF

IF CH$S = "N" OR CH$ = "n" THEN 950




REM APPENDIX 4.7

950 IF it <= 3 THEN

P=.5
ELSEIF it > 3 AND it <= 6 THEN
P=.75

ELSEIF it > 6 AND it <= 10 THEN
P =1

ELSEIF it > 10 AND it <= 13 THEN
P=1.25

ELSEIF it > 13 AND it <= 16 THEN
= 1.5

ELSEIF it > 16 AND it <= 25 THEN

B = 2h

ELSEIF it > 25 AND it <= 32 THEN

P =4

END IF

TREP .S OR B> 4 THEN

PRINT "THIS RANGE OF CABLE SIZE IS NOT COVERED BY THIS PROGRAM"
INPUT "do you want to contue"; g$

GOTO 419

END IF

LOQCATE 16, 1l1: COLOR 2, 9

PRINT "THE MINIMUM RECOMMENDED CABLE SIZE FOR CABLE NUMBER "; C$; "
IS",’ P; "MMA2M ‘

LOCATE 19, S5: COLOR 4, 8

PRINT "The fuse rating must not be less than"; it; "AMPS"; " within next
availble value"

RSt > 32 THEN

' AND

IF CH$ = "N" OR CH$ = "n" THEN

PRINT "THIS CURRENT IS TOO MUCH FOR SINGLE PHASE FLEXIBLE CORDS"; it
INPUT "DO YOU WANT TO CONTINUE"; g$

GOTO 419

END IF

END IF

EE CHS. <> “"y" OR CHS <> "Y" THEN 901

P iE > 25 THEN

LOCATE ‘10, 30: COLOR 15, 2, 1

PRINT "THIS CURRENT IS TOO HIGH IN THREE-PHASE FLEXIBLE CORDS "
GOTO 419

INPUT "do you want to continue"; g$

END IF 2
901 M$ = "MAXIMUM MASS SUFPPORTABLE BY TWIN FLEXIBLE CORDS ACCORDING TO
IEE- REG(522-08-06) 16TH EDITION"

IF P = .5 THEN K$ = M$ + "= 2KG"

IF P = .75 THEN K$ = M$ + "=3KG"

IF P >= 1 AND P <= 4 THEN K$ = M$ + "=5KG"

LOCATE 20, '5: COLOR 15, 2

PRINT K$

PRINT : PRINT

COLOR 15, 2
PRINT "THIS CABLE SIZE AND CABLE LENGTH CALCULATION IS ACCORDING":




REM APPENDIX 4.7 CONTINUES

PRINT "TO TABLE 4H3A AND B IEE 16TH EDITION"
1000 END
2500 IF it > 0 AND it <= 3 THEN VD = 93 ELSE

IF it > 3 AND it <= 6 THEN VD = 62 ELSE
IF it > 6 AND it <= 10 THEN VD = 46 ELSE
IF it > 10 AND it <= 13 THEN VD = 37 ELSE
IF it > 13 AND it <= 16 THEN VD = 32 ELSE
IF it > 16 AND it <= 25 THEN VD = 19 ELSE
IF it > 25 AND it <= 32 THEN VD = 1 ELSE
IF it > 32 THEN VD = 0

RETURN

3500

IF it > 0 AND it <= 3 THEN VD = 80

IF it > 3 AND it <= 6 THEN VD = 54

IF it > 6 AND it <= 10 THEN VD = 40

IF it > 10 AND it <= 16 THEN VD = 27

IF it > 16 AND it <= 20 THEN VD 16

IF it > 20 AND it <= 25 THEN VD 10

1P 3t <= 0. 0R it > 25 THEN VD =0
RETURN
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COMPUTER FRINT QUT

Forogram on flexible cable {corde) size selection by cjicge 1.1
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AFPEMDIYX 5.3
COMPUTER PRIMNT QUT

e w & & enteyr the load in watts incident on the cable ? 14
Enter the cable input veltane ? 248

et er power Faotor{ipf) {nl pfi=3" 3 mig

erter {y) for 3 phase or {n) for sinple phase ? Y

E THE CURRENT UALUE FOR WHICH THE DESIGN IS8 INTENDED ACCORDING TO YOUR
BES = 1. 736111 AMes
voeu mabke any mistalke in your input values (PARAMETERSY { Y/N)Y 7 N

rpissible VYeltane Drep On This{flex cord) Cabkle OFf Current 1.929012 A
+39 Millivolts
£33, 99
THE MAXIMUM ACCERTABLE LENGTH OF CABLE NUMBER 1= 45, 77@150 Met:
LOSE EXCESS CURRENT PROTECTION IS TO BE USED IN THE DESIGN
QR THE MAXIMUM ACCERTABRLE LENGTH OF CABLE NUMBER 1= 37.4;
velF CONRGE EXCESS CURRENMNT FROTECTION IS REQUIRED IN THE DESIGN

THE MIMIPLE RECOMMENDED CABLE SIZE FOR CABLE NUMBER 11 I .o M

e fuse yating must not be less than 1.93%5012 AMRS

inn pexrt availble value
P MASR SURRQRTARLE BRY TWIN FLEXIBLE CORDS ACCORDING TQ IEE REG(E2Z2-
EDITION= ZKG ; e 2




AFFENDIX G. 2
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Enter conductor design current in anpere? 2@
THE CURRENT WALUE FOR WHICH THE DESIGN 158 INTENDED ACCORDING TO YOUR I

ER = 26 ARES
sen mabs any mistake din yows dnput values (FARAMETERS) { Y/M) 7




R Ty e ————————1 - i e el e

AFENDIX 5.2 CONTINUES
COPISUITER PRINT OUT

MOTE THE CURRENT UNLUE FOR WHICH THE DESIGN IS8 INTENDED ACCORDING T YOUR 3
VALLES = 2@ Apiies
Did you mabe any mistabe in your input values (FARAMETERS) { Y/N) 7 N

Pormicscibd s Voltage Drep On This{flen cord) Cable OF Current 2@ AMPS= 27.
Millivolte

Vh== &7. 17

THE MR IpUe ACCERTARLE LENGTH OF CABLE NUMBER 2= 2., 349651 Meter
FREL OSE EXCESD CURRENT PROTECTION IS.TOG BE USED IIN SFHE TDESIEN

€57 HE MAXIMUM ACCERTARLE LENGTH OF CRBLE NUMBER 2= 1. 7666
terelF COARSE EXCESS CURRENT FPROTECTION IS REGUIRED IN THE DESIGN

THE MINIPMU RECOMMEMDED CARLE BIZE FOR CABLE MNUMBER 2 IR 2.5 Mb

The Ffuee rating must net be less than Z@& AMPFS within next‘availble valu
CIRUM MARE SUEPORTHRLE RY TWIN FLEXIBLE CORDE ACCORDING TO IEE REG{SIE-G8
M EDITION=SME

2 CARLE SIZE AMD CARLE LENGTH CRALCULATION IS8 ACCORDING

TARLE AHRN AND R IEE 16TH EDITION

ce any hey to centinue




AFFENDIX S.3
COMPUTER FRINT OUT

zkle Types MNumber
6@ deg o rubber-insulabed Dehlol
ERC dpsulated Flenible-cords bt ERA
A% deg o rubher or PUC dinsulated

SR deg o rubhber e PULC insulated

S oden o glacsse Tikee

LR A (U

ALL THE AROVE ARE FLEXIRLE CORD TYRES
celect any of Lhe abeve nunbers appropriate te yvour cable type? 3

QREING (AMBIENT) TEMRERATURE OF CABLE 45

Baeowa enter the load in watte incident on the cable ?7 34&6¢
Enter the cabkle input veltage ? 11@

ok ey power factor{pf) { ol pf (=1 2 -0

THE CURREMT UYALUE FOR WHICH THE DESIGN IS INTENDED ACCORDING\ TO YOUR INF
= 31l A4S AMOS b H\

make @ny mistabe in your input values (PQRQMETERS)i\g MDY

nissible Voltage Drop On This{flex cord) Cable 0OF Curvent 31.45455 AMPSs
Piadlaveldte
P T
THE PEXIMYY ACCERTARLE LENGTH OF CABLE NUMBER 3= 13@, 1@823 Meters
5E EXCESR CURRENT FROTECTIONM IS TO BE USED IN THE DESIGN |
3R THE pIX IMUM ACCERTABRLE LENGTH OF CARBLE MNUMBER 3= 97,8212t
s 1F CONRESE EJXCESS CURRENT FROTECTION IS REQUIRED IN THE DESIGN

THE MIMIPLE RECOMMENDED COARLE SIZE FOR CRABLE NUMBER 32 IS8 4 MM~2

e fuse yating must net ke less than 31.45453 AMPE

iy nexnt availble value
oMGEE SUEEORTARLE BY THIM FLEXIBLE CORDS ACCORDING TO IEEHRES(SEE—@B-E

DITIONM=040E

ABLE SIZE AMD CHBLE LENGTH CALCOUATION I8 ACCORDING
LE AHZER AND R IEE 1&6TH EDITION

any key to continue




AFFERNDIY S 9
COMPUTER FRINT QUT

J
Cable Types Mumber
6@ dey o rubbker-inculated BsGla1l {
U dmsulated Flesmible—crode bebDa K25l
a5 deg o ruliber o PUC dinsulated 3
150 den o orubber o PUYC dineulated 4
<]

185 deng ¢ glasse Filve

AL THE AROVE ARE FLEXIRBLE CORD TYRES
ceplect any of the abeve numbere appropriate to your cable type? 4
TEME RANGE

CRABLE TYRE CURRBEMNT RAOTIMNG{AMES)
{IM DEG CENT)

{1268 deg o insulated
flenible cable RSRGLIS1 " : QU (T G

(EYPVE dneulated flenible
oy BEGEAE RO (=32 @i T (=mas
M 0BE deg. cent. inculated
Aevibdle coed @l (=32 < WL ST il 46 i 4
) 150 den. cent. RUC :
rubdier cwede insulation Gl (=32 LR R e e WY
) 1A% deg. cent. pylass :
@Y (=32 : S - IT =i TS

ibae ineulated

worbing fambient) temperature of cable? 126
Ne v - SAMTICIFATED LOAD INM WATTSE INCIDENT OM THE FLEXIBLE

B.....EXFECTED CONDUCTOR DESIGM CURRENT IN AF

P M ETTHER () O (RY AR ARRFLICARLE? &

Yeyrmieedildle Voeltage Deop On This{flen cord) Cable Of Cuwrrent 1@ AMFS= 6%

illivelte
e 79
THE Py ITeitiel AUCERTARLE LEMNGTH OQF CABLE NUMBER 4= 8. @875&5E-@2

CLOSE EXCESS CURRENT FROTECTION IS TO BE USED IN THE DESIGN
0OR THE mMAXIMurM ACCERTARLE LENGTH OF CABLE MNUMBER 4=

SOERTOE-E Melers
COARSE EXMNCESE CURREMNT PROTECTION I8 REQUIRED IN THE DESIGN

THE MIMIPUM RECOMMENDED CABLE SIZE FOR CABLE NUMBER 4 IS 1 MM

The fuse vabting must pet ke lees tharn 1@ AMES within next aveilble val
It PGS GUEPORTADLE BY TWIN FLEXIBLE CORDS ACCORDIMNG TO IEE REG(S22—
H EDRITIOMN=EG

S CABLE SIZE AMD CARLE LEMNGTH CALCULATION I8 ACCORDING
e 16TH EDITION )




——

R
:

ARFENDIX 5,5 ' AN

COMPUTER PRINT QuT %
Cakle Types Mumber
6@ deg o rubber—-insulated Bs6isd 1
FUE dnesulated flewible—cords hebSO@ 2
8% deg © rubber or FUC insulated 3
15@ deg o rubber or FYC insulated B
185 e o nlass fibre =

Ll THE ABOVE NARE FLEXIBLE CORD TYRES
select any of the above numbers appropriate to your cable type? S

-
4

Yo ws % enter the losd in watts incident on the cable 7
Enter the cablde input veoltange 7 415

enter power faoctor{pf) L el pFi=1a 39008

entey (yw) for 3 phase or (n) for single phase ? Y

{

Sk e CCURREMT WS LE FGH WHEIOH THE DESIGHN IS8 INTENDED ACCORDING 70O YOUR
NHANESE = T, dRIa e
tovew mabe smoy mistale dn oyour dnpuat values (FARAMETERS) { Y/N) 7 M

Meprmpicsibie Vollane vop o Thise{flex cord) Cable OFf Cwrrent S. 284295 AR
A, 66 Millivelts j
= 88, 66
THED s T ACCERTHORLE LENGTH OF CABLE NUMBER S= 47, 12431 Met:
CLORE EXOESRE CURRENT PROTECTION 18 70 BE USED INTHE: DESIGN
O THE MANIEUP ACCERTARLE LENGTH OF CARLE NUMBER &= 35, 40
see I CONREE EXCESS CURRENT PROTECTION IS REAUIRED IN THE DESIGN

THEE PIIRIPU RECOMPEMNDED CARLE SIZE FOR CABLE NUMBER & I8 .75 1

The fuse rating must pot be less than 5.284295 AMPS
thin next availble walue :
PP MRRSR SUERORTARLE RY THINMN FLEXIBLE CORDSE ACCORDING TO IEE REG{Z2E-€

4 EDITINM=3KE

L CARLE ST AMD COARLE LENGTH COLCULATION I8 ACCORDING
TARLEE AR HMD B TEE. 16TH EDI TIEN :




AFPENDIX 5.6
COMPUTER PFRINT QUT

Cabtde Types Mumber
6@ den o rubber—incsulated BRetisl
FYC dneulated Flenibde—cords bebEOR
85 den © rubber o PUC insulated
15@ den o rubber oo PYC incsulated
185 deg © pglase filbve

LU R (O

ALL THE AROVE NRE FLEXIBLE CORD TYRES
select any of the above nunbere appremriate to yowr cable type? 1

PRLE TYPRE CURPENT RATING{(AMRS) TEMR RANGE
{IM DEG CENT)

o9 deng ¢ dinsulaled

lexibde cable BEGINL e Y (=AF L L i SN S

Z2YPUE insulated flexibkidle

g DEGEO @Y (=0 ' @ 4T % S

3RS den. cent., insulated i :
exibde cord Gl d (e R 7 Sl v S

R deg. cent. FUC

- rubber cords dnesulaticon WOY (=33 @ T € = 355

2 10% den. cent. glass

byg insulated @l (=32 L7 ] Sl B SRl
'!

werhking fambkdent) temperature of cabkle? 3@

Enter conductor design current in anpere? 3@
enter conducteor design voeltage in volts? 415

£ OTHE CURREMT UHLUE FOR WHICH THE DESIGN IS5 INTENDED ACCORDING TO YOUR
= M NOPHES
mabe any mistahe in yoeur dnpat values (FARAMETERSY { Y/MN) 7 n




AFPEMDIX 5.6 Continues
COMPUTER PRINT QUT

Ferpiceibkle Vollage Drop On This{flex cord) Cabkle OFf Current 30 AMRS= 1.

Milliveolts

Wh= 1,03 :
THIE PO IPIUM ACCERTABRLE LENGTH OF CABLE NUMBER 1= 514, 6387 Mete

iF CLOSE EXCESE CURRENT PROTECTION IS TO BE UWUSED . IN THE DESIGN
O THE MR it ACCERTARLE LENGTH OF CABLE MUMBER 1= 386.%
PMeterselF CONRGE EXOCESS CURRENT PROTECTIOM IS REQUIRED IN THE DESIGN

THE MIMIPLE RECOMMEMDED CARBLE SIZE FOR CABLE NUMBER 1 IS8 4 M~

M

Thie fuse sabting must net lxze less than 3@ APMPRS within next availble val

QY IR OS5 BUEHQRTARLE RBRY TWIMN FLEXIRBLE CORDE RACCORDING TO IEE REG{SZ2-0
6TH EDITIOMN=DME

HIR CARLE SI7E AMD COABLE LEMGTH CALCULATION I8 ACCORDING
Q TRABLE 4HEA AMD 1 IEE 26TH EDITION

rees any key bo continue




ARFENDTY . 7 o R

COMPUTER FRINT OUT : !
Calde Types Mumber
6@ deng o rubber—inculated Be6lod i
FUE dnsulated flexibde-cords hebS0@ -2
8% deg o rubhber or PUC insulated 3
150 deg o rubber o PRC insulated 4
18% deng © pglase filye =

ALL THE ARBOVE NAE FLEXIBLE CORD TYRES
select any of the abaove numbers apmropriate to your cable type? 2

e s enter the losd in watts incident on the cabkle ? 8¢
Enter the oalbxle input veoltage ? 849

erbeyr power factor{pf) { o pfi=L > 2 .4

enter {y) fur 3 phase or {nd for single phase ? n°

A

M we  Enter the lecad in watts incident on the cable ? 8@
Entes the catkdle input voltage ?7 24

enter power fFaoctor {pf) { of pf(=1 > ? .4

333

)

eulk Gut OQF fangs (@ (1 (= 32) 333.

epber (y) froee B phase o in) for single phase 7 n

Lnter conductor design current in amnpere?




\

e oany Wey bo ecnbinue
- s Rl T ARPFENDIX G 8

COPFRITER PRINT QUT

Cable Types Munber
68 deg o rubker—-ipculated ReGisnld 1
RO dneulated flesibde—cords bkeGGOw) &
8% den o vubdber o PV dneulated 3
153 dey o vakher oy PV dipsulated 4
=

185 den © plass fFitare

ALL. THE ABRWWE AREF FLEXTRLE CORD TYRES

select any of Lhe above numbers apporgoeiate te your cabkle type? 3

Enter conduetoe design current in anpere? 268
enber conductor design veltage in velts? 2496

)
\ i

OTE THE CURREMT UHOLUE FOR WHICH THE DESIGMN I8 INTENDED ACCORDING TO YOUR

VOLIES = 20 AbE
id you mabe any mistake in yows dnput values (FARAMETERS) ( Y/N) ? n

Fermicsible Voltange Drop On Thisi{flex cord) Cable Of Current 2@ AMPRS= 27

illivolte

B 27. 17 |
THE MAX I ACCERTHRLE LENGTH OF CABLE NUMBER 3= 23.49651 Mete

CLORE EXCESS CURRENT PROTECTION I8 70 RE-USEDAINTHESDESIEN
0 THE PRXIpMUuM ACCERTARLE LENGTH OF CABLE NUMBER 3= 17.66
erellF COARSE EXCESS CURRENT PROTECTION IS8 REQUIRED IN THE DESIGN

THE MUMIPUP RECOMMEMDED CABLE RIZE FOR CABLE MUMBER 3 I8 2.5 M

The fure vating must noet be less than 2@ AMPS within next availble-QaI
MM MRBE SURRQRTARLE RY THIM FLEXIRLE CORDSE ACCORDING TO IEE REG{S22—-@
H EDITIOM=EKG

S CABLE SI1ZE AMND CARLE LENGTH CALCULATION IS ACCORDING
ABRLE 41203 AMD R IEE 16TH EDITION :

D




ARFEMDIY B9 ;
COMPUTER FRINT QU1

Cable Types Number
6 deny ¢ rubher—inculated Bsthlial ;
PUC insulated flenible-cords be&SQ@
85 deg o vubdzer o PVC dinsulated
150 den o wubber o PR dnsulated
18% den o pglace filbve

DUSE ST (VR

ALL THE PROVE PARE FLEXIRBLE CORD TYRES
select any of Uthe above sambers appropriate te your cable type? 4

2 PR erber Lhe lead in watts incident on the cable ?
Enter the cabkle input veltage ? 4185

enter power faoctor{ipf) { ol pfi=1 % .6

vnribey {y) for 3 phase oy {nn) for single phase ?

eribker 4y) for 2 phase o {n) for single phase 7 y

QOTE THE CURBEMT UALWE FOR WHICH THIEE DESIGN I8 INTENDED‘QCCDRDING TO YOUR
VLR = 12, 00100 Spiies ;
ik you malie ooy mictabe dn your dnput values (FARAMETERS)Y { Y/M) 2?2 n

Frermiceibde Yoltane Drop On This{flen cuwrd) Cable OFf Curvent 12.04819 AN
Tis R 1 G S g T O
SR

THE PN IR ACCERTARLE LENGTH OF CABLE MNUMBER 4= 34,6338 Meter

SLOGE EXCERS CURBENT BROTECTION 1S TO B USEDIIN THE IDESIGN
O THE MaXN I ACCERTARLE LENGTH OF CABRLE NUMBER 4= 26,04
ere i CONRSET EXOESS CURREMT PROTECTION I8 REQUIRED IN THE DESIGN

FIBE S u i RECOMMEMDED CARLE 2IZE FOR CABLE NUMBER 4 I8 1.325 ¢

The fuce syating mushk peb e lecse than 12, 04819 AMPS

hin next availlde value

MU BRRS AUCEORTHRLE RY THIN FLEXIRBLE CORDE ACCORDIMNG TQ IEE REG{(GII-O(
EDI T IOM=S1G i



AFFPENDIY S.91
COMPUTER PRINT QUT
. : ARPEMDIX .91
COMPUTER FPRINT QUT

Cabkle Types Mumber
6@ deg o rubber—insulated BeGidsl 1
UC insulated flexible-—-cords hetTO@ 2
8% den o rubber o PYC dpsulated T L
15¢ deg o rubbwer o PUG dinsulated v 'Hﬁ' 4
ok S

F 1A% deyg © glase filoe

ALL THE ARGVE HRE FLEXIRLE CORD TYRES !

seleck any of the above numbers appropriate to your cabkle type? &
?

:

!

A

Enter conductor design current in amnpere?

s
enter conducter design voltage in volts? 24@
] g

7

JOTE THE CURPREMT VALUE FOR WHICH THE DESIGN IS INTEMDED QCQPRDING TO YOUR

VALLLIES = 5% AMPG A ;x
pid you malke any mistake in yowr input values (DRRQMETERS)}UQ!N) ?.n

Y ¢ !'- i

1

T - i

h

4

Fermiszibde Yoltane Deop On This{flex cord) Cable Of Currvent 25 AMPS= &
pillivalte - o : :

D= 27.17 Eotiraha :
THE PN IMUM HCCERTABLE LENGTH OF CABLE NUMBER S= 18,7972 Mete
= CLOGE EXCERS CURRENT FROTECTION IS 70 BE - UWUSEDRSIN THESDESIGN

(2 T e TR ACCERTABRLE LENGTH OF CABRLE MUMBER S= 14.1
vhere IF COMPLNE EXCERRE CURREMT PROTECTION IS8 REQUIRED IN THE DESIGN

I
~
o

THE PIUMIPSY RECOMMEMDED CNRRLE SIZE FOR CABLE NUMBER & IS

The fuce sabting muct rmet ke less than 2% AMPE within next ﬁvailble U

I IPLE PEORES SLUORTARLE BY THIN FLEXIBLE CORDS QCCDRDING‘TD,IEE REG (S22
STH ERDITION=DUG :

{15 CABLE S1ZE AND CABRLE LENGTH CALCULATION 1S ACCORDING
TARLE 4136 DD R (EE 16TH EDITION

P 4

ees any hkey to continue -




AFEENDIX S, 95
COMPUTER RFRINT QUT

Cabdle Typew MNumber
69 den o rubher—insuliated Betlsld
U dneulateod flevible-—coerde bhefS00
85 deg o rubdier oo PO dinculated
1% deg o rubiier o R0 insul ated
185 deg © glase fiine

DUER - S (U

RLE THE AIMBE ORE FLENIDLE CORD TYRES
select any of the above nuanbers apmropriate to your cable type? o

£RIMLE TYRE CLRRBENT  RAT IMNG (OAMRE) TEMR RANGE
{IN DEG CENT)
{1266 deg o insulated :
leible cvable BOO161Y QT (=3 @ LT (= 88
YRS dnsulaled flemaibkle Tl

ard BEGEOG RAT (=3E S BT Titie 5
7

2 OS deg. vent. insulated ¥
lexnible cord @Y (=32 G e At G S e d

Sl
£4) 1580 dey. went. WE ‘ 7
v rubtbier croede ineulation @Y (=32 ,‘,‘? (T (= 145
I
it MR
) 1S deg. cent. glass ooy H RSy

it dinsulated @O (=AY \*\@ ¢ TR g

wrerhiiogg feabient) btemperatuare of cable? 6@

This temperature &0 [
3 CEMTIGHODE ic btoe inam~oriate for

Tenitel v cootle

won wiant boooontimael{Yapy T oy

ongeas on Tlenible cebde loords) size selection by ojioge 1.1




g AFFPENDIX S.93
COMPUTER FRINT QUT

Calde Types

6l den o rubbwery—incsulated BebloHd
PRC dneulated flemibde-corde heGSOw
8% deg o rubdbier oy PUC dinsulated
A5G dey o rubdeer oo PO dnsulated
185 deyg © glass Fitoe

ALL THE ABROVE ARE FLEXIDLE CORD TYRES

select any

CRARLE TYRE CAURRBEMT RATIMNG {AMPES)

{1Y60 deng o insulated
Flewible caldle REGLINY
Z)RC dineulated fFlexikle

of the above numbers appropriate to your cable type?

Mum ey

&L -

&

TEMFR RANGE
{IN DEG CENT)
@ (T (= &5

(7 SR G M T o

veed REG SR

insulated : X
@ = TR

) 8% den. cent.
lewible cord

£45) 158 den. cent. PUC g
S S N U

v rublier cordes insulation @Y (=32 X
185 den. cenb. ylass
1 B N

@I (=37 ( = 175

iltop insuloted

fanlzient) temperature of cable? 4@

N e SANTICIEATED LOAD IN WATTS IMCIDENT OM THE FLEXIRBLE

vtk AT
Boo . s EXPECTED COMNDUCTOR DESIGN CURRENT IN AP

MEY I EITHER () OR (R) A8 AFPFLICABLE? B

Enter conductor design current in ampere? 45

T
b
&
-~
&
o

FEMT IRPULT OUTY OF RAaMGE ¢ & (I




: AREEND T X 5,94
; COMPUTER FRINT OQUT

Cable Types

6@ deyg o rubber—incsulated Befiiol
FUE dneulated flesible-cords bebSo@
8% dey o rubber oy YC insulated

150 den o rabbaer o PO dinsulated
1687 deg o nlase filae

ALL THE ORBOWE NRE FLEXIRLE CORD TYRES

{'}l » » w
Enter the cable input veltage 7 24@
anbient) temperatwre of cable? S@

worrhking o
enter power factori{ipf)

WER FACTOR oUT OF RAMNGE

Ler power factor{pf) { of pFi=1 > 2

'

£ ol pFi=1 } 7

Munmber

1

&2

3
B
<

enter the lead in watts inciden? Bﬁuthe

select any of the oboeve pumbers appropriate to your cable type? 3
CARLE TYE CLHIREMT BT UG (APIR) TEM® RANGE
({IN DEG CENT)
()66 dey o dnsulated \
enihle cakle RGELA1 BT (=3 e (T (=55
PO dneulated Flenilde %
e REGEEG @Y (=EE it BT et
A) 8% den, went. insuwlated ﬁ
Flenable cord DO SRt @ 0 o= Ta
o
4N deg.. ek FYC 4 ‘
woraabdier corele inculatdon T (= @0 T = 145
N IRE den. cent. plass. &
itare insulated (R S ,‘\.@ (T = 175
‘ >
R\ .

cable 7 &




£ BEFEMDTY 5. 95 sk
COMPUTER PRINT OUT '

Catde Types Mumber
L8 deg o ruldres inzulated Retlial
PO dnmsulabed fleovilde—cords be&SAf
8% deny © vubibwer o BIC dnsulated
103 deny o rabbaer o PR dnsulated
18% dey o glass Filwe

LR A I (O

ML THE ABOVE 0700 FLENIBLE CORD TYRES
serlect any of the abwves numbers samoropeeiate to your cable type? 4

BLE TYRE CURRBREMNT  ROTING (AMPE) © TEME RANGE
{IN DEG CENT)

ek deg o insulaxted

henible cable BOA1AY QI (=32 @ (T (=55
EIPUE dinsulated Flexible ; : A :
crd BEBHSON QI (=38 ‘ D e e
385 tdeg. cent. insulated

lenmible cord @Ol (=R

1180 dey. cept. Qe

rubbier cowrds insulation Wl (=3
1835 dey. cent. nlass
e dineulated @O (=32

witorking {ambient) tenperature of cable?
ir f}

15 temperatuyre is dip i
: : S SppEroped st i
YOLU WOMT TO COMT T MUE ty\£> mﬂevfor st el



COLOURS
BLACK

BLUE
GREEN

CyaN

RED

MAGENTA

BROWN

GRAY

DARK  GRAY
LIGHT BLUE
LIGHT GREEN
LIGHT cvAn
LIGHT RED
LIGHT MAGENTA
YELLOW

WHITE

BLINKING COLOURS
BLACK  TO WHITE

NOTE




