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1.1 Describe the common system for electrical distribution 

 

The major electrical items encountered in most types of industrial commercial plants 
are listed below. 
 

1. Power generation equipment, or purchased power switching, or substation. 

2. Primary and secondary distribution systems, including feeders, transformers, 
switchgear, protective equipment and standby generating plant. 

3. Motor drives, heaters, ovens and the associated wiring and control equipment. 

4. Lighting equipment and lighting wiring circuits. 

5. Electrical and electronic control and instrumentation systems. 

6. Auxiliary systems (fire alarms, electric clocks, burglar alarms). 

7. Communication equipment (paging, intercommunication). 

8. Special items peculiar to processes such as welding, batteries, rectifiers, 
electroplating apparatus, elevators and lifts, industrial trucks, cranes and 
hoists, ventilation and air-conditioners. 

9. Yard, roadway, and protective lighting. 

 

Distribution 

The limit of distribution is usually to be from substations to consumer‘s service lines 
and distribution within the consumer‘s premises. 

System of Distribution 

The systems of distribution may be classified as follows: 

 Overhead distribution. 

 Underground distribution 

 Combined overhead and underground distribution 

Relative Merits of Overhead and Underground Systems 

Overhead lines are less expensive than the underground cables throughout the 
whole range of system voltages, the difference being extreme at the higher voltages 
encountered in the field of transmission. 

Overhead lines operate under continual stress and exposure to varying climatic 
conditions. This results in progressive deterioration because of both mechanical wear 
and corrosion. Line components must therefore be periodically replaced.  

The greater spacing of overhead line conductors enables higher current ratings to be 
used but this produces higher circuit inductance. 

The load capacity of an overhead feeder can be readily increased at relatively low 
cost by replacing it with larger conductors, or by using parallel feeders; however the 



Section 1 – Distribution System 

6 of 261 

swamping effect of inductive reactance should be considered for low voltage 

conductors greater than 100mm 2 aluminium. 

Poles and lines are considered unsightly, especially in built up areas. 
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Standard Voltages 

The Australian Standard C1 1969 – S tand a rd V o ltag e a nd  Fre q ue n cy fo r a.c. 
Tra n smissio n  a n d  Distrib u tio n  S yste ms sets out the voltages which are to be 
regarded as standard. These are shown in the following tables: 

Standard Voltages for Three Phase Systems 

415 colts (voltage to neutral 240 volts) 

11 kV 

22 kV 

33 kV 

66 kV 

Voltages of 3.3 kV and 6.6kV previously used for distribution are not considered 
satisfactory with the greater use of electricity. Such existing installations tend to be 
replaced by 11 kV and 22 kV. 

Distribution Systems 

Electricity supply systems follow a relatively uniform pattern. 

The voltages vary with different authorities, and spacing and size of substations are 
dependent on the density of population. 

A typical distribution system illustrated in Figure 1 Comprises: 

Sub-transmission circuits operating at 33 kV or above which deliver energy to the 
zone substations. 

Spacing of Substations 

For a residential area the zone substations may be spaced at intervals of about 3-10 
km and have a capacity of 7.5 MVA to 30 MVA. 

The distribution centres would be spaced 400 – 600 metres apart and each would 
need to have a capacity of 500 kVA. The sizes and spacings are appropriate only, 
and in city areas one building may need in excess of 5 MVA. 

Single Phase Systems 

For rural systems economical distribution is usually accomplished by means of single 
phase systems. 

The high voltage distribution can be of the standard three phase type for rural areas 
adjacent to suburban areas, but as the distance from such areas increases, the 
single wire earth return (SWER) system proves the most economical method. This 
involves only one high voltage conductor at 12.7 kV or 19.1 kV above earth potential. 
The low voltage system can then be a two wire system at 240 volts or three wire 
system at 480 volts – 240 volts to neutral. A typical distribution is shown in Figure 2. 
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Types of Feeders 

Three types of feeders are commonly used for distribution systems. 

These are: 

 Radial feeders 

 Parallel feeders 

 Ring main feeders 

Radial Feeders (Figure 3) 

These are the simplest and least expensive both to construct and protect, particularly 
in overhead areas. The occurrence of faults results in a number of customers being 
without service until the fault has been located and cleared. To minimise 
interruptions to customers, reclosing breakers and sectionalisers are used, but if the 
fault is not self clearing all customers will be affected. 
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Parallel Feeders (Figures 4 and 5) 

If separate routes are taken in either underground or overhead construction, the 
capital cost is double that of a radial feeder. If, however, the two cables are laid in 
the one trench or a double circuit overhead line is built, the first cost is about 140 per 
cent of that of radial construction. Protection is more complicated. 

The big advantage of this system is that it ensures a firm supply to distribution 
centres with underground high voltage systems. 

With overhead systems the reliability of a double circuit line is considerably below 
that of two separate routes since both circuits are likely to be affected by lightning, 
storm damage or structural failures. There is great advantage, however, in the 
maintenance of lines and circuit breakers. 
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Ring Main Feeders 

Feeders are usually taken by different routes and the system gives a firm supply to 
all distribution centres. The feeders are usually designed to allow supply of the total 
load from either end of the ring. 

 

Substation Busbar Arrangements 

The form of busbar layout selected for any application must depend on the flexibility 
of operation required, and the price the user is prepared to pay for this flexibility of 
operation as regards maintenance and continuity of supply. 

Busbar arrangement may be classified as: 

 Single busbar systems 

 Sectionalised busbar systems 

 Ring busbar systems 

 Duplicate busbar systems 

 Duplicate ring busbar systems 
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The most common systems are shown below in single line form for three phase 
systems. It is important in all systems to be able to isolate circuit breakers and 
transformers so that maintenance can be carried out. Means must be provided for 
isolators for circuit breakers, and earthing switches for the earthing of high voltage 
equipment during maintenance. 

 

Electrical Power System Considerations 

Societies must use energy resources in the form in which they appear, whether as 
water, wind, oil, coal, or uranium, to accomplish the tasks the societies consider 
desirable. The desirable tasks may be heating, cooling, lighting, manufacturing, or 
transportation of people and materials. Finding and converting the raw energy that 
allows the raw energy resources and the equipment that converts energy to work to 
be separated by great distances. 
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Electricity does exist in nature as lightning and static electricity, but it cannot be 
controlled well enough to be put to practical use. Thus electricity must be generated 
by converting another raw energy resource. Electricity can be stored in batteries, but 
only in relatively small quantities. Therefore, at least for the present time, electricity 
must be produced at the same time it is used. 

Reserve, diversity, and economical dispatch 

Rese rve  is that portion of an electric utility‘s available generating capacity that is not 
producing electricity at a given time. S p inn ing rese rve  is the generating capacity that 
is being driven at the proper speed to provide proper voltage, but is not producing 
power. Spinning reserve can provide power to the system almost instantaneously if 
the system load is increased or a generator must be taken out of service. The FERC 
established a requirement that each electric power company construct sufficient 
excess capacity that it can supply its largest normal load with its largest generating 
plant off line. This rule has been modified for some circumstances, as will be 
discussed later. Spinning reserve should be sufficient to meet any sudden load 
changes anticipated by the utility. 

Dive rsity  is the term used to refer to load changes during a period of time. Load 
varies during the day because people get up, go to work, and return in the evening 
using different amounts of electricity to support their various activities. Similarly, 
industrial and commercial power use will vary during the day. There are also weekly 
and seasonal variations in electricity usage. In warm climate such as that along the 
Gulf Coast air conditioning results in high electricity consumption in the summers 
that peaks daily in the late afternoon. Figure 1.2 shows a 24 hour diversity curve for 
electric power consumption. The result of diversity is that the electric utility must 
supply varying amounts of power depending on the time of day, day of the week, 
and season. 

Industrial Heating 

Industrial heating may include large space heaters, ovens (baking, heat treating, 
enamelling, etc), furnaces (steel, brass, etc.), welders and high frequency heating 
devices. The first two are resistance type loads and operate much as the smaller 
residential devices, with operation at 120 or 240 V, single phase, and at unity power 
factor. Ovens, however, may be operated almost continuously for reasons of 
economy, and some may be three phase units. 

Electric Furnaces 

Furnaces may draw heavy currents more or less intermittently during part of the heat 
process and a fairly steady lesser current for the rest; on the whole, the power factor 
will be fairly high since continuous operation is indicated for economy reasons. The 
power factor of a furnace load varies with the type of furnace from as low as 60 
percent to as high as 95 percent; with the greater number about 75 or 80 percent. 
Sizes of furnaces vary widely; smaller units with a rating of several hundred 
kilowatts, are usually three phase. Voltage regulation, while not critical, should be 
fairly close because of its possible effect on material in the furnace.  



Section 1 – Distribution System 

13 of 261 

Electronic Loads 

The electronic load category includes radio, television, x-rays, laser equipment, 
computers, digital time and timing devices, rectifiers, oscillators for high frequency 
current production, and many other electronically operated devices such as 
transistors semiconductors, etc. Practically all of these devices operate at voltages 
lower than the commercial power sources and employ transformers or other devices 
to obtain their specific voltages of operation. They are all affected by voltage 
variations. 

Power Factor 

The ratio of power (in watts) to the product of the voltage and current (in volt 
amperes) is called the power factor. It is a measure of the relation between current 
and voltage out of phase with each other brought about by reactance in the circuit 
(including the device served). Since facilities must be designed to carry the current 
and provide for losses which vary as the square of the current, it is necessary that 
current values be known. The power factor enables loads and losses designated in 
watts to be converted to amperes. Transformer sizes, wire and cable sizes, fuses, 
switch ratings, etc., are all based on values of current they must carry safely and 
economically. 

Consumer Classification 

As aids in planing, consumers may be conveniently classified into certain categories 
and certain ranges of load densities expressed in kVA per square mile (where this 
unit is too broad to be useful, watts per square foot for specific occupancies may be 
used). 

Consumer Factors 

It is obvious that an individual consumer is not apt to be using all of the electrical 
devices that constitute his or her ―connected load‖ at the same time, or to their full 
capacity. It would evidently be unnecessary to provide facilities to serve such a total 
possible load, and much more economical to provide only for a probable load, the 
load creating the demand on the distribution facilities. 

 

Maximum Demand 

The actual load in use by a consumer creates a demand for electric energy that 
varies from hour to hour over a period of time but reaches its greatest value at some 
point. This may be called the consumer‘s instantaneous maximum demand in 
practice, however, the maximum demand is taken as that which is sustained over a 
more definite period of time, usually 15, 30, or 60 min. These are referred to as 15-, 
30-, or 60-min integrated demands, respectively. 

 

Diversity Factor 

The diversity factor is the ratio of the sum of maximum demands of each of the 
component loads to the maximum demand of the load as a whole (or the coincident 
maximum demand). For example, each of the loads mentioned above may have a 
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maximum demand of 100 kW, while the coincident maximum demand on the system 
supplying the three may be only 150 kW. The diversity factor is then 300 (100 + 100 
+ 100) divided by 150, or 2, or 200 percent. Such diversity exists between 
consumers, between transformers, and between feeders, substations, etc. Note that 
the d e ma n d  fa cto r  is defined so that it is always less than 1 or 100 percent, while the 
d iversity fa cto r  is the reciprocal of the demand factor and is always greater than 1 or 
100 percent. This is a most important factor in the economical planning and deign of 
distribution facilities. 

Coincidence Factor 

The coincidence factor is the ratio of the maximum coincident total demand of a 
group of consumers to the sum of the maximum demands of each of the consumers. 

Utilisation Factor 

The ratio of the maximum demand of a system to the rated capacity of the system is 
known as the utilisation factor. Both the maximum demand and the rated capacity are 
expressed in the same units. The factor indicates the degree to which a system is 
being loaded during the load peak with respect to its capacity. The rated capacity of a 
system is usually determined by its thermal capacity, but may also be determined by 
voltage drop limitations, the smaller of the two determining the capacity. 
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Review questions for Section 1 

 

1 State three classifications of distribution system. 

   

   

   

2 State the standard voltages for three phase distribution systems. 

___________________________________________________________________
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________ 

 

3 Sketch and describe a single wire earth return (SWER) system. 

 

 

 

 

 

 

 

4 Sketch the three types of feeders that are commonly used for distribution system. 

Describe the merit of each type. 

 

 

 

 

 

 

 

 

5 Sketch the following busbar arrangements: 

 Single busbar 

 Sectionalise busbar 

 Ring busbar 

 Duplicated busbar
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2.1 Identify relevant components use in over head line design 

Conductor Supports 

The types of supports for overhead conductors can be listed as follows; 

 Wood poles 

 Steel poles 

 Concrete poles 

 Steel Towers 
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Arcing Horns 

In the case of insulator flashover due to lightning, the porcelain is often cracked or 
broken by the power arc that follows the initial discharge. 

To protect against this trouble arcing horns or rings are installed on many overhead 
systems. These operate so that the arc is taken up by the electrodes and held at 
sufficient distance from the porcelain to prevent damage by the heat of the arc. 

The advantage of the ring design lies in the front that the arc can form at any point 
around the insulator, and in case of formation at the windward side it may be blown 
around without damage to the insulator. With horns, the arc may be blown under the 
insulator and damage it. 

 

Insulator Ties 

These consist of a number of helically formed rods, the central portions of which are 
shaped to provide attachment of the conductor to a line pin insulator. 
Some illustrations of insulator ties, line reinforcement at disc insulators, and armour 
rods are shown in Figures. 
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2.2 Outline relevant factors related to installation, maintenance, 
cross arms, stays, pole types and choice of conductors sizes for 
commonly used configuration 

Limiting Size of Aerial Conductors 

Both the SAA Wiring Rules and the Overhead Line Construction and Maintenance 
Regulations impose limits on the smallest size of conductor that can be used for 
aerial conductors. 

The SAA Wiring Rules state that the minimum size of conductors and the maximum 
length of spans for various conductors are as follows: 

 

Rule 3.13.2 Every conductor installed as an aerial conductor shall have not less 

than seven strands and shall not be smaller than 4
2mm copper or 16

2mm  aluminium. 

Rule 3.13.19 The length of span of copper aerial conductors shall not exceed the 
values given below 
 
Type of Conductor Size 2mm  Maximum Span Metres 

Bare hard drawn 4 25 
Conductors 6 

16 or over 
30 
60 
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Regulation 28.(1) 

The ultimate tensile strength of an aerial conductor operating at a voltage of 650 volts 
or less shall not be less than 3000 N. 

This makes the smallest size: 

 

Copper 7/1.25 at 3610 N Ultimate Strength 

All Aluminium 7/1.75 
at 

3010 N 
Ultimate Strength 

Aluminium Alloy 7/1.75 
at 

4710 N 
Ultimate Strength 

 

Regulation 28.(2) 

The ultimate tensile strength of an aerial conductor operating at a voltage of 650 volts 
or less shall not be less than 5000 N. 

This makes the smallest size: 

 

Copper 7/1.75 at 6890 N Ultimate Strength 

All Aluminium 7/2.50 
at 

5750 N 
Ultimate Strength 

Aluminium Alloy 7/2.25 
at 

7780 N 
Ultimate Strength 

 

SAGS 

When distribution lines are erected, the sag allowed in a conductor at the time of 
erection must be such that the maximum tension allowable for the particular 
conductor is not exceeded under the conditions specified in the regulations. 

Four sag conditions are of particular interest. 

These are: 

a. The sag and tension in the conductor at C15 with a wind loading of 500 
Pascals on the projected area of conductors. 

b. The sag and tension in the conductor under conditions of no wind, at an 
ambient temperature of C5  

c. The sag at C50 which determines the support height to maintain the statutory 

clearance above the ground. 

d. The sag of erection which will ensure that the above conditions are fulfilled. 

On short spans condition (a) is usually the determining factor while the longer spans, 
particularly for aluminium conductors fitted with armour rods, condition (b) is the 
determining factor. 

For graph Figure 1 the limiting factor is the tension in still air at  for all spans shown, 
while for graph Figure 2 the limiting factor is the tension in still air at up to a span of 
285m after which the tension with a wind loading at 500 Pa is the determining factor. 
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SAG Calculations 

 

Calculate the allowable sag for a 7/3.50 hard drawn copper overhead conductor with 
a span of 150 metres. The wind loading is 500 Pascals and the maximum conductor 
tension is to be 50 per cent of the ultimate tensile strength. 

Table 1 

Ultimate tensile strength = 26600 N 

Gravitational Force  = 5.949 N/m 

Diameter of conductor  = 10.5 mm 

Wind loading per metre = Diameter in metres x wind loading in Pascals 

    = 10.5 x 10 3x 500 

    = 5.25 Pa 

Combined load due to wind and weight of conductor 

W = 22 10 ww   

 = 22 25.5949.5   

 = 95.62  

 = 7.934 N/m 
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 = 
8

2?w
 

  
5.0266008

150934.7 2



x
 

 = 1.678m 

Erection Sags 

Since the line will never be erected under the conditions of wind and temperature as 
stated in the regulations, it is necessary to calculate the tension and sag under 
conditions at the time of erection. 

There are two factors which vary the sag and tension, namely, elasticity and 
temperature. The load at erection may be less than it would be under regulated 
conditions. This lack of load will lessen the tension, so that the sag will be reduced 
because of elastic contraction. An increase in temperature will cause the length of 
the conductor to increase so that the sag will increase. 

Sag Measurement 

Sags may be measured by the following methods: 

1. Sight Boards 

The sight boards are fixed to two poles of the span at the appropriate height 
for the desired sag. The conductor is then pulled up to line with a sight taken 
between the two boards. 

2. Wave Timing 

For this method the conductor is struck at one end of the span and the time 
taken for the wave to travel the span six times is measured. The sag is then 
calculated from the formula 

 

  t = 
03408.0

metresinSag
 

 

  t = time in seconds for 3 return waves 

 

Sometimes the approximate formula is used 

 

  t = 5.42 x metresinSag  
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Wave Timing Chart 

Based on Formula 

Time (seconds) for 3 Return Waves = 
03408.0

metresinSag
 

 

Figure 11 

 

3. Optical Range Finders 

Optical range finders are available for measuring the height of the conductor 
at the pole and the height of the conductor at mid span, while standing on 
the ground. From these readings the sag can be obtained from the 
difference, provided allowance can be made for any variations in ground 
level. 
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From Table 1 – Open Supply Lines 

  

0 to 
750 

Voltage 

750 to 15,000 

 

15,000 to 50, 000 

Required clearance over specified items 

Railroad Tracks 27 28‘ 30 

Public streets, alleys or roads 18 20 22 

Driveways to residential garages 10 20 22 

Areas accessible to pedestrians only 10 15 17 

Parallel to streets 18 20 22 

Parallel to rural roads 15 18 20 

From Table 4 – Clearance of supply lines from buildings 

Voltage of supply conductors Horizontal clearance Vertical clearance 

300 to 8,700 3 8 

8,700 to 15,000 8 8 

15,000 to 50,000 10 10 

From Table 8 – Separation in inches required for line conductors #2 AWG or 

                          larger versus span sag 

Voltage between conductor Span sag in inches 

 36 48 72 96 120 

2,400 14.5 16.5 20.5 23.5 26.0 

7,200 16.0 18.0 22.0 25.0 27.5 

13,200 18.0 20.0 23.5 26.5 29.5 

34,500 24.0 26.5 30.0 33.0 35.5 

69,000 36.6 36.5 40.5 43.5 46.0 
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Wood Poles 

The simplest and cheapest support structures are wood poles. These were the first 
extensively used electrical conductor support structures. Wood poles have been 
made from larch, spruce, cedar pine, and fir trees, selected for height and 
straightness. The most commonly used trees for poles are Southern Yellow Pine 
(SYP) about 70%, and Douglas Fir, about 25%. All of the others comprise only about 
5% of the wood poles used. Poles from 25 to 65 feet are generally SYP while poles 
over 65 feet are generally Douglas Fir. Wood poles are available in heights from 25 
to 130 feet (or more on special order) in 5 foot increments. 

Wood pole heights and strengths have been codified from tests, and tables prepared 
to make distribution design easier. A reliable average for maximum longitudinal fibre 
stress in both pine and fir is 8000 psi. That is the psi at which the wood fibres will 
start to split or slide past each other. So all design strengths have been calculated 
from this value. As force is gradually increased, a pole will fail first by splitting along 
the pole and then by breaking. 

Poles are designated by strength and degree of straightness as class 1 (best through 
5 (worst). Larger poles have their own classification as extra heavy duty classes 
0,00,000, and 0000, with more zeros being heavier duty. The zeros are usually 
written as H1, H2, H3, H4. 

AAC (All Aluminium Conductor) 

All aluminium conductor is available in 7, 19, 37, 61, and 91 strands of #1350 
aluminium wire. AAC has slightly better conductivity at low voltages than ACSR, but it 
has less strength and more sag per span length. It is used for lines with short spans. 
AAC costs about the same as ACSR. 

Distribution spans are generally short because the lines are built on public roads, 
streets, and easements. It is not permissible to serve a building with service drops 
across streets or across property of another land owner. This means two lot widths is 
the general span for residential and light commercial and business districts. This is 
typically between 120 and 200 feet. 
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2.3 Determine mechanical limitations and physical dimensions of 
lines – Part 1 

Overhead Line Conductors 

Material 

The material for conductors is determined by the following: 

 Electrical properties such as resistance, reactance and current carrying 
capacity. 

 Mechanical properties such as tensile strength and weight. 

 Price of the material in relation to the return in the investment. 

The following range of materials is suitable for overhead lines. 

 Hard drawn copper conductors 

 All aluminium conductors (AAC) 

 All aluminium alloy conductors (AAAC) 

 Aluminium conductors steel reinforced (ACSR) 

 Steel conductors galvanised (SC/GZ) 

 Steel conductors aluminium clad (SC/AC) 

 Cadmium copper 

When steel is used as reinforcement or as a conductor or stay it must be protected 
against corrosion. The standard methods are galvanising or coating with aluminium – 
aluminium clad. An aluminium conductor, steel reinforced should have some 
indication of the corrosion prevention method; ACSR/GZ indicates that the steel core 
is galvanised, whereas an ACSR/AC indicates an aluminised steel core. 

Of the above, the aluminium alloy conductors have a financial saving over copper, 
particularly in suburban work where span lengths are relatively short allowing for 
lower line tension. 

Aluminium conductors require more precautions during erection than copper 
conductors because they are softer and more easily damaged. Aluminium tape is 
required at each tie, and joints must be cleaned and greased. 

Conductor Current Rating 

The current rating of overhead conductors depends upon: 

 Heating 

 Voltage drop 

 Power losses 
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Heating 

The current carrying capacity of an overhead conductor is limited by: 

 The annealing temperature of the conductor; 

 The expansion due to temperature rise which causes a reduction of statutory 
clearance. 

 A temperature rise which might occasion injury to any insulation. 

For installations covered by the SAA Wiring Rules a table of maximum current values 
is given in the appendix of these rules. 

For installations outside the scope of the SAA Wiring Rules the above table is still 
used as a guide, but various authorities have their own formula for current rating 
based on the maximum allowable operating temperature. 

Reasonably accepted values for the maximum operating temperatures are: 

 C75 for continuous rating 

 C100 for one hour rating 

Conditions Affecting Maximum Conductor Temperature 

The factors which determine the maximum conductor temperature are: 

 The ambient temperature  

 Wind velocity 

 Heat absorbed from solar radiation 

 Heat lost by convection 

 Heat lost by radiation 

For this course it is not necessary to be able to calculate maximum allowable current 
ratings on a basis of the above factors as the information is usually available from the 
Energy Authority of NSW in the form of graphs. 

Fault Conditions 

Overhead line conductors may be overheated under fault conditions unless 
satisfactory protection is provided. 

The graphs, figures 11 and 12 show the relationship between short circuit current 
and maximum time duration which this current can be allowed to flow without 
damage to the conductor. 

The calculation of prospective fault currents will be dealt with later in this subject 
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Voltage Drop 

The conductor must operate so that when the maximum current is being conveyed 
the fall in voltage along the line is within certain limits. 

The value of fall in potential for a consumer‘s overhead line must be taken into 
account when ensuring that the fall in potential from the consumers mains to any 
point on the installation does not exceed five per cent of the voltage at the 
commencement when full current is flowing. This is required by the SAA Wiring 
Rules. 

For supply authorities distribution there is more latitude because voltage regulating 
equipment can be installed to allow for fall in voltage. 

The Australian Standards specification AS – C1 Standard Voltages and Frequencies 
for AC Transmission and Distribution Systems gives an indication of the limits to be 
aimed for. 
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For medium voltages, the variation at the consumer‘s terminals should not exceed six 
per cent and for higher voltages the variations should not exceed ten per cent. 

Power Losses 

The power lost in distribution feeders depends on the square of the current and the 
resistance of the feeder. This loss must be considered in relation to the capital cost 
involved in the erection of the distribution line. 

Apart from voltage and weather designation the factors to be considered in the 
selection of an insulator are: 

a. Minimum mechanical strength 

b. Minimum impulse withstand voltage at power frequency 

c. Minimum wet withstand voltage at power frequency 

d. Minimum puncture voltage at power frequency 

e. Minimum creepage distance between conductor tie and pin 

Pin Insulator Designation 

Pin insulators are designated by a series of letters and numbers 

First letter  S - Standard 

   F - Fog Type 

   A - Aerodynamic 

Next two letters  LP - Line Pin Insulator 

First number    Nominal voltage kV 

Second number   Minimum creepage distance 

Example    ALP 33/920 

This is an aerodynamic type line pin insulator for 33 kV with 920 mm creepage 
distance. 

Shackle Insulators 

Shackle insulators are used for terminations and angle construction mainly on low 
voltage lines. The high voltage shackle insulator is now displaced by the disc 
insulator. 

Two types of low voltage shackle insulators are common: the SH, LVI with a 
minimum failing load of 9 kN and the SH. LV2 with a minimum failing load of 20 kN. 

Disc Insulators 

Disc insulators are used on high voltage lines for both intermediate and strain 
constructions. They may be used in combination and as a general rule one disc is 
suitable for 11kV, two for 22 kV and 3 for 33kV. The discs are available with 
minimum failing loads of 44 kN and 66 kN. 

Disc insulator assemblies are identified by the use of suitable abbreviations of the 
description and number of the components forming the assembly. 
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   S - Suspension 

   A - Anchor shackle 

   B - Hanger bracket 

   D - Disc 

   E - Eye bolt 

   N - Eye nut 

   P - Pole band 

   P1 - Pole band termination 

   P2 - Pole band through construction 

   S - Straight tongue 

Example EA/2D represents a disc insulator unit with an eye bolt support, a shackle 
between the eye bolt and disc, and having two discs. 

Stay Insulators 

There are four standard types of stay insulators and these are tabulated below: 

 

Stay Insulator Type Line Voltage Steel Wire Size Minimum Failing Load kN 

G Y 1 LV + 11 kV 7/2.75 27 

G Y 2 11 kV 19/2.00 71 

G Y 3 22 kV 19/2.75 222 

G Y 4 33 kV 19/2.75 222 

 

Insulator Pins 

Insulator pins are made from hot rolled carbon steel and galvanised as shown in 
Figure 23 

These pins are fitted with lead alloy heads composed o 95 per cent lead and 5 per 
cent antimony which are threaded to one of four standard forms. These are shown in 
Figure 24 and are designated as A. B and C. 

Pattern B is used mainly for insulators of voltages up to 600 volts while pattern C is 
used mainly for high voltage insulators. Pattern A may be used for both medium and 
high voltage insulators. 

The pin is designated by a reference number which gives the lead head pattern, as 
denoted by the letter representing the thread type, the stem length in millimetres, and 
the failing load for the pin kilonewtons. This reference number is usually stamped on 
the collar. The recommended working load for the pin is one third the failing load. 
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Standard pins are as follows: 

 

Pin Type Shank Size 

B / 100 / 3.5 140 x 16 mm 

A / 130 / 7 165 x 20 mm 

C / 150 / 7 165 x 20 mm 

C / 150 / 11 165 x 24 mm 

C / 200 / 11 165 x 24 mm 

C / 300 / 7 165 x 24 mm 

 

For example, a C/300/7 insulator pin would have a C type thread, stem length would 
be 300mm and the transverse failing load for pin would be 7 kN. 

 



Section 2 – Overhead Lines and Installation 

37 of 261 

Causes of Insulator Failure 

The following is a list of some of the causes of insulator failure: 

1. Deterioration by cracking of the porcelain 

2. Porosity of the porcelain 

3. Puncture of weak porcelain 

4. Shattering of insulator caused by power arc 

5. Flashover of insulator caused by dust or salt deposits 

6. Failure of insulator from excessive mechanical stress 

7. Short circuits caused by birds or animals 

Mechanical Properties of Overhead Conductors 

Reference 

Overhead lines must be erected in accordance with the Overhead Line Construction 
and Maintenance Regulations set out under the Electricity Development Act and 
published by the Energy Authority of NSW. A copy of these regulations is necessary 
for the course. 

Working Strengths 

The ultimate strengths of copper, all aluminium, and all aluminium alloy conductors 
are given in Australian Standards publications AS 1746, AS 1531 Part 1 and AS 
1531 Part 2 respectively and the values listed in these publications must be used in 
conjunction with the working conditions laid down in the Overhead Line Construction 
and Maintenance Regulations. Tables 1, 2 and 3 give the properties of these 
conductors. 

Maximum Tensions 

The maximum tension to be allowed on a conductor is specified for two conditions, 
namely: 

1. The maximum conductor tension shall not be more than fifty per cent of the 
ultimate tensile strength under a wind loading of 500 pascals at C15 , and 

2. The maximum conductor tension in still air at C5 is not to exceed the 

following: 

25 per cent UTS for hard drawn copper conductor 

18 per cent UTS for hard drawn all aluminium, steel cored aluminium and 
 hard drawn cadmium copper conductors, and 

18 per cent UTS for aluminium alloy conductors 

If vibration dampers are fitted the percentages rise to 33 1/3 per cent for hard drawn 
copper conductors and 25 per cent for hard drawn aluminium, steel cored aluminium 
and hard drawn cadmium copper. 

Vibration dampers are fitted to transmission lines rather than distribution feeders. 
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2.3 Determine mechanical limitations and physical dimensions of 
lines – Part 2 

Armour Rods and Vibration Dampers 

Overhead conductors are subjected to mechanical vibrations caused by change of 
wind pressure. This may take the form of swinging of the conductors, or of high 
frequency vibrations caused by the formation of eddies on the leeward side of the 
conductor. These high frequency vibrations can cause metal fatigue at the points 
where the conductor is supported at the insulator, thus ultimately causing failure of 
the conductor. 

Such failure is reduced greatly where the conductor is reinforced at the point of 
support, and by carefully designed conductor clamps. 

Such reinforcing takes the form of armour tape or armour rods. Aluminium armour 
tape should be applied in aluminium and aluminium alloy conductors. 

Helically Formed Fittings 

At various points on overhead lines it is necessary to fix conductors and stay wires in 
position. For example, conductors must be fixed to line pin insulators, at terminations, 
conductors must be fixed to the shackle or disc insulators, and stay wires must be 
fixed to the pole and stay anchorages. For these purposes various methods of 
splicing or the use of wire rope grips have in the past been main methods. 

Helically formed fittings are now common for these applications. These consist of 
elastic rods which have been formed into an open helix and are wrapped around a 
conductor or stay having a diameter somewhat greater than the internal diameter of 
the helix. The rods then firmly grip the conductor or stay. 

Helically formed fittings are sometimes called preformed fittings. The following gives 
some types of fittings available. 

Armour Rods 

These are helically formed rods of relatively large diameter wire and are applied to 
sheath a conductor at support points. The reason for using armour rods was given in 
an earlier paragraph. 

Line Guards 

These are shorter in length and of smaller diameter wire than armour rods. They are 
used at conductor supports to protect the conductor against chafing or flash over 
burns 

Vibration Dampers 

A helically formed vibration damper is manufactured which has somewhat similar 
properties to the Stockbridge damper 
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Terminations or Dead Ends 

These are helically formed wires, bent at the centre to form a hairpin shape. The free 
ends are interleaved on to the conductor or stay wire during application, leaving a 
loop to which tension is applied. 

Insulating Materials for Electrical Conductors 

In distribution networks the purpose of an electrical conductor is to carry the current 
from one point to another and the purpose of the insulating material is to confine the 
current to the conductor. A variety of insulating materials has been processed and 
developed to withstand the conditions under which conductors operate, such as 

1. Temperature extremes – high and low 

2. Moisture 

3. Gaseous, dirty and abrasive environments 

4. Mechanical vibration and impact 

5. Transient high voltages 

The electrical insulation of cables is protected by the addition of a sheath and, where 
required, by the further addition of serving, armouring bitumen and inhibitors as 
referred to in the section on cables to follow. 

Insulating materials that are at present most commonly used for cables are: 

Polyvinyl Chloride (P.V.C) 

Vinyl chloride is a colourless gas derived from acetylene and hydrochloric acid, the 
basic raw materials being lime, salt and coke. At low temperatures the gas becomes 
liquid and can be distilled to obtain the desired degree of purity.  On polymerisation a 
white powder is formed, this being the basic material or polymer to which a number 
of chemicals is added to obtain the thermoplastic known as polyvinyl hydrochloride 
(P.V.C). The additives have a marked effect on the physical and electrical properties 
of the finished product. Properties such as flexibility, abrasion resistance, 
embitterment at low temperatures, tear ability, oil resistance, termite resistance and 
colour are readily controlled. 

Thermoplastic insulants are less tolerant than other materials to overload and short 
circuit conditions. Fuses and other protective devices must be sufficiently sensitive to 
prevent the P.V.C approaching softening point, even for a few seconds. 

Black compounds are always recommended for aerial use and exposed installations. 
This is due to the screening effect on ultraviolet rays which would cause deterioration 
of coloured compounds. 

As with physical, electrical properties are controlled to a marked extent by the nature 
and quantity of the additives. Variations in temperature and frequency cause marked 
changes in electrical characteristics. 

Cross-Linked Polyethylene (XLPE) 

This material is one of the most commonly used insulants for power cables. It is a 
thermosetting material and, as such, possesses extremely good thermal and 
electricity stability. 
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This material is one of the most commonly used insulants for power cables. It is a 
thermosetting material and, as such, possesses extremely good thermal and 
electrical stability. 

Low cost, ease of fabrication and excellent mechanical and chemical resistant 
properties have led to its wide use as cable insulation for all types of applications. 

Because of its excellent resistance to heat, XLPE cables are suitable for continuous 
operation at C90 , short time operation at C130 and short circuit performance up to 

C250 . These characteristics, combined with high continuous and short circuit 

current ratings, lightness, robustness and ease of use have been responsible for their 
world wide use acceptance and use. The cross linking of polyethylene is achieved by 
chemical means. XLPE has a very small power factor and dielectric constant when 
compared to other insulants. It also shows good resistance to chemicals such as 
ordinary acids, greases and oils. 

Compacted conductors are generally used for 1.9 / 3.3kV cables and above. High 
voltage XLPE cables are compacted to reduce the size of the interstices which in turn 
tends to prevent the semi conductive screen material moving into the air spaces. 
Compacting is achieved by passing the stranded cable through a tight die. Reducing 
its overall diameter by approximately 10%. Material is not removed from the metallic 
conductor, thus maintaining the same resistance, but the small amount of cold 
working of the material tends to increase its tensile strength and makes the cable a 
little stiffer. 

Ethylene Propylene Rubber (EPR) 

EPR insulation is a thermosetting material and possesses excellent thermal and 
electrical properties. Although EPR has a higher dielectric constant and power factor 
than XLPE, it has greater resistance to corona, ozone and fire and has more 
flexibility than XLPE. Because of high raw material costs EPR is used in preference 
to XLPE only where EPR‘s greater flexibility is required. 

Impregnated Paper 

The paper used is of uniform texture and long fibre and is free from any 
imperfections. It does not contain chemical impurities or loading materials and has 
low ash content. It has been selected to give high dielectric strength when 
impregnated, and to last without any deterioration of electrical properties. It is 
generally cheaper than other forms of insulants and has an exceptionally long life 
span. Further information on this type of material is provided in the next section on 
cables. 
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Insulation Specific 
Gravity 

Relative 
Permitivity 

Thermal 
Resistivity 

Wcm /
 

Volume 
Resistivity 

At C20  

 m  

Dielectric 
Loss 

Factor 

At C20  

Maximum 
Conductor 

Temperature 

C  

Maximum 
Short Circuit 
Temperature 

C  

PVC 1.47 5.0-8.0 5.0-6.0 
10

12
 

0.08 75 15-160 

PE 0.92 2.3 3.5 
10

14
 

0.0001 70 130 

XLPE 0.92 2.5 3.5 
10

14
 

0.0008 90 250 

EPR 1.20 3.0 3.5-5.0 
10

13
 

0.004 90 250 

Impregnated 

Paper 

1.10 3.3-3.9 6.0 
10

13
 

0.004 65-80 160-250 
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2.4 Determine leading limitation using design schedules and 
calculations (Part 1) 

 

Wood Poles 

The simplest and cheapest support structures are wood poles. These were the first 
extensively used electrical conductor support structures. Wood poles have been 
made from larch, spruce, cedar pine, and fir trees, selected for height and 
straightness. The most commonly used trees for poles are Southern Yellow Pine 
(SYP) about 70%, and Douglas Fir, about 25%. All of the others comprise only about 
5% of the wood poles used. Poles from 25 to 65 feet are generally SYP while poles 
over 65 feet are generally Douglas Fir. Wood poles are available in heights from 25 
to 130 feet (or more on special order) in 5 foot increments. 

Wood pole heights and strengths have been codified from tests, and tables prepared 
to make distribution design easier. A reliable average for maximum longitudinal fibre 
stress in both pine and fir is 8000 psi. That is the psi at which the wood fibres will 
start to split or slide past each other. So all design strengths have been calculated 



Section 2 – Overhead Lines and Installation 

43 of 261 

from this value. As force is gradually increased, a pole will fail first by splitting along 
the pole and then by breaking. 

Poles are designated by strength and degree of straightness as class 1 (best through 
5 (worst). Larger poles have their own classification as extra heavy duty classes 
0,00,000, and 0000, with more zeros being heavier duty. The zeros are usually 
written as H1, H2, H3, H4. 
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Table 7.2 Wood Pole Strength Tables 

 

50 Ft. Pole, Douglas Fir or SYP 

Class H1, WL = 2,200 lb. Class 1, WL = 1,970 lb. 

Distance 
From top 

(feet) 

Diameter 
(inches) 

Moment 
(ft.-k) 

Distance 
From top 

(feet) 

Diameter 
(inches) 

Moment 
(ft.-k) 

0 9.23 51.5 0 8.59 41.5 

10 10.57 77.3 10 9.90 63.4 

30 13.28 152.1 30 12.50 127.9 

40 14.58 203.0 40 13.80 149.6 

50 15.92 264.2 50 15.11 179.2 

50 Ft. Pole, Douglas Fir or SYP 

Class 2, WL = 1,700 lb. Class 3, WL = 1,220 lb. 

Distance 
From top 

(feet) 

Diameter 
(inches) 

Moment 
(ft.-k) 

Distance 
From top 

(feet) 

Diameter 
(inches) 

Moment 
(ft.-k) 

0 7.96 33.0 0 7.32 25.7 

10 9.19 50.8 10 8.48 39.9 

30 11.65 103.4 30 10.79 82.3 

40 12.88 139.4 40 11.95 111.7 

50 14.11 183.7 50 13.11 147.4 

70 Ft. Pole, Douglas Fir or SYP 

Class H1, WL = 3,640 lb. Class 1, WL = 3,225 lb. 

Distance 
From top 

(feet) 

Diameter 
(inches) 

Moment 
(ft.-k) 

Distance 
From top 

(feet) 

Diameter 
(inches) 

Moment 
(ft.-k) 

0 9.23 51.5 0 8.54 41.5 

30 12.96 142.5 30 12.18 118.1 

50 15.45 241.3 50 14.56 202.1 

70 17.93 377.6 70 16.95 318.7 

70 Ft. Pole, Douglas Fir or SYP 

Distance 
From top 

(feet) 

Diameter 
(inches) 

Moment 
(ft.-k) 

Distance 
From top 

(feet) 

Diameter 
(inches) 

Moment 
(ft.-k) 

Class 2, WL = 2,840 lb. Class 3, WL = 2,470 lb. 

0 9.23 33.0 0 7.32 25.7 

30 11.00 96.7 30 10.60 78.0 

50 13.68 167.5 50 12.79 137.0 

70 15.97 266.3 70 14.698 220.0 
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Steel Poles 

Steel poles have been used now for a long time, and are well proven. They do not 
have the elasticity of wood poles, nor do they have the lifetime. The life of a steel 
pole is governed primarily by the quality and thickness of the galvanising. There are 
special paints to make a steel pole look better longer, but it is impractical to paint the 
inside of the pole, so that galvanising sets the pole life. Steel poles typically last from 
25 to 30 years. 
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A steel pole requires an embedment depth of 10% of the height plus 2 feet for 
standard soil. Thus a 50 foot pole has an embedment of 7 feet while a 70 foot pole 
has an embedment of 9 feet. The soil must be tamped to 100% compaction, meaning 
to the density it was before the hole was dug. Specifications usually require two 
tampers for each shoveler when the soil is filled in around the pole. A pole set in soil 
can be loaded immediately. 

Embedment can be reduced if concrete stabilised sand, rock, or concrete are used 
for fill. Concrete stabilised sand is a mixture of ¾ sand and ¼ concrete used for fill 
where the soil has too much give to support a pole well. The concrete stabilised sand 
essentially increases the size of the pole end so that the loading per unit area on the 
soil is lower. The concrete must set up before the pole can be loaded. Reinforced 
concrete foundations for steel poles can be very expensive, costing more than the 
pole for some dead end poles. They are necessary in soils that are particularly 
corrosive to steel. Figure 7.6 is a sketch of a reinforced concrete steel pole 
foundation. Anchoring is much cheaper and is used on wood and directly imbedded 
steel poles. 

Poles and embedment are designed to support forces that are balanced on either 
side of the pole. Down guy wires and anchors are used to balance the forces on the 
pole in situations in which balanced pole loading is not possible. 
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Main Street Feeder Conversion 

The voltage change over for the Main Street feeder is done as follows; 

Temporary framing for 12.47 kV is installed below the present line as shown in Figure 
7.22. Generally a 12 to 14 foot cross arm is used for 12.47 kV lines. This can be 
done without killing power. 
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2.4 Determine leading limitation using design schedules and 
calculations (Part 2) 

Criteria 

The mechanical design of the distribution system, and its several parts, must not only 
be adequate to sustain the normal stresses and strains, but must safely sustain them 
during abnormal conditions brought about by the vagaries of nature and people. 
While design criteria for overhead systems are substantially different from those for 
underground systems, in both instances prudent design takes into account economic 
and other non technical considerations. 

In general, the code specifies: 

1. Clearance between conditions and surrounding structures for different 
operating voltages and under different local conditions. 

2. Strength of materials and safety factors used in proposed structures. 

3. Perhaps the most basic, the probable loading imposed on the conductors and 
structures based on climatic conditions, approximately defined by 
geographical areas. 

 

 Radial thickness of 
ice 

Wind load on 
projected area of 

conductors 

Temperature 

Type of 
loading 

in cm lb/ft 2  Kg/m 2  AF AC 

Heavy 0.5 1.27 4 20 0 -18.0 

Medium 0.25 0.63 4 20 +15 -9.4 

Light 0.0 0.0 9 44 +30 -1.1 

Poles 

Stresses 

The forces acting on a pole stem from the vertical loading occasioned by the weight it 
has to carry and from the horizontal loadings applied near the top of the pole. These 
latter are exerted by the conductors as a result of uneven spans. 

Both vertical and horizontal loadings include the effects of ice collecting radially about 
the conductors. 

The vertical force on the pole is the dead weight of the conductors with their coatings 
of ice, cross arms, insulators, and associated hardware. This vertical force exerts a 
compressive tress that may be considered uniformly distributed over the cross 
section of the pole. This loading, however, is almost always over shadowed by the 
requirements of the horizontal loadings, and is usually not given further attention. 
Even a very light pole can safely carry the dead weight of a multi-circuit, large 
conductor line. 
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From wire manufacturer‘s tables, no. 4/0 copper wire has a diameter of 0.528 in and 
a weight of 640.5 lb per 1000 ft; and 397.500-cmil ACSR has a diameter of 0.806 in a 
and a weight of 620.6 lb per 1000 ft. The total weight, including ice, for 200 ft (100 ft 
on each side of pole) for the copper conductors is 2120 lb plus 500 lb allowed for four 
cross arms, insulators, etc., or 2620 lb. For the ACSR conductors, it is 2840lb, plus 
the same 500 lb, or 3340 lb. 

The cross sectional area at the top of a class 5 pole is 

2

2

2 7.28
14.3

25.90

2

19
in











  

This may be rounded off to 25 in 2 . 

Conservatively, the dead weight of the copper conductors is 2750 lb divided by 25 

in
2
, or 110 lb/ in

2
; that of the ACSR conductors is 3500 lb divided by 25 in

2
 or 140 

lb/in
2
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Bending Moment 

The bending moment M  is equal to the horizontal force applied P , multiplied by its 
perpendicular distance to the point where failure may occur, h , usually taken at the 
ground line. 

PhM   

Maximum Fibre Stress  

The maximum fibre stress f at any cross section is 

l

c
Mf   

Where c is the distance from the extreme fibres of cross section to the neutral axis 

and l is the moment of inertia of the cross section. For a circular cross section, where 

d is the diameter. 

dc
2
1  

4
4

491.0
64

d
d

l 


 

So that 

20982.0 d

M
f   

2
2

0982.0
32

d
d

c

l



  (called the section modulus) 

Wind Pressure 

In arriving at M , if P  is the wind pressure on the length of the conductor, including its 
coating of ice, and h  the distance or height from the ground at which the circular 
cross section is to be determined, the total moment for the several conductors that 
may be supported is the sum of the values of Ph for all the conductors. 

To this must be added the wind pressure on the pole itself. Here, the longitudinal 
cross section of the pole may be broken down into a rectangle and a triangle, as 
indicated in Fig. 5.2. 

The pressure on the rectangle ( Px ) will be 

hdPPx 21  

Where 1P is the unit pressure in pounds per square inch. Its moment Mxabout the 

base will be 

2

2

2
1

h
dPMx   

The pressure on the triangle ( P ) will be 

 
2

222

h
ddPP   
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And its moment about the base will be 

 
6

2

2222

h
ddPM   

And the load pressure on the pole ( 2P ) will be 

2

22
22

dd
hPP


  

And the total moment on the pole ( 2M ) will be 











63

222

22

dd
hPM  

The total moment the pole must accommodate will be the sum of the moment for the 
several conductors and the moment on the pole itself. 

Examples 5-2 

Assume a 40 ft pole (required for clearance) set 6 ft in the ground with three no. 4/0 
stranded copper conductors on a cross arm with the conductors level at the top of the 
pole, and 150 ft balanced spans, in a heavy loading area (see Table 5-1) 

The moment due to wind on the conductors when ice coated is as follows. No. 4/0 
stranded copper wire has a diameter of 0.528 in; allow 1 in of ice, for a unit diameter 
of 1.528 in of area to the wind. 

  ftftlbft
ftin

in
M 640/4150

/12

528.1
3 2   

    =7792.8 ft lb or 95,513.6 in lb 

The moment on the pole itself due to wind (for an estimated diameter at the top of 8 
in, and 12 in at the bottom) is as follows; 

  









6

12

3

8
1234

144

4 2
M

= 21,580 in lb or 1798 ft lb 

Say 1800 ft lb. The total for both is 115,093 ft in lb: say 115,000 in lb, and 

2

2
/678

120982.0

000,115
inlbf 


  

Say 700 lb/
2in  

The ultimate fibre stress for several woods and the resultant factors of safety for 
those woods are as follows. 
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Wood Ultimate Stress, lb / 2in  Factor of Safety 

Northern White Cedar 3,600 5+ 

Western Red Cedar 5,600 8 

Long-leaf Yellow Pine 7,400 10+ 

Wallaba 11,000 15+ 

The total moment at the pole is 9591 ft lb, say 9600, multiplied by a factor of safety of 
2, it is 19,200 ft lb, say 20,000. 

From the ASA Standards Table of Wood Pole Classification, for a 40 ft class 5 pole, 
the resisting moments at 6 ft from the butt, nearest to this value but greater, are 
shown in Table 5-2. Any of these poles will sustain the loading due to wind. 

As a check, the pole circumference C, in inches, required to withstand a bending 
moment M, in foot-pounds, for a wood having a permissible fibre stress f , in pounds 

per square inch, is 

f

M
C

5790
  

Assume long leaf yellow pine, f = 7400  lb / 2in , is used 

inC 71.21
7400

000,203790



  

This is the minimum required, as opposed to the 31.5in actual circumference. The 
difference provides a margin which insures the performance of the pole should it rot 
at the ground line and reduce the cross sectional area there. 

 

Table 5-2 Resisting Moments and Data for 40ft Poles 

 

   Circumference, in 

Wood Class 
Resisting 

moment, ft-lb 
Minimum, at 

top 
6 ft from 

butt 

Northern White Cedar 5 60,800 19 40.0 

Western Red Cedar 5 60,700 19 34.5 

Long-leaf Yellow Pine 5 60,900 19 31.5 

From ASA Standards Table of Wood Pole Classifications 
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Example 5-4 

Assume that the 40-ft pole in Example 5-2 supports three no. 4/0 bare stranded 
copper conductors in one direction and three no. 2/0 bare stranded copper 
conductors in the other in a straight line; there are 150 ft spans in both directions. 
Refer to Fig 5-3 

The moment on the pole caused by the wind for the three no. 2/0 conductors is as 
follows; 

lbftM .3616344
2

150

12

418.1
3   

For the three no. 4/0 conductors (from example 5-2) 

lbftM .38967792
2

1
  

Assume that the ultimate strength of the copper conductors is 37,000 lb 2in and that 

they are sagged to one half their ultimate strength. The total moment on the pole 
caused by conductor tension, for the three no. 2/0 conductors is: 

lbftM .78876634
2

000,37
418.03   

For the three no. 4/0 conductors, 

 

lbftM .336,99634
2

000,37
528.03   
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The difference between the two is 207,570 ft-lb (say 207,600 ft-lb). The total moment 
on the pole from the conductor tension and wind is: 

222222 108.207103.96.207  MMM  

Multiplied by 2 for a factor of safety, 2106.415 M ; say 420,000 ft-lb. 

To find the pole circumference required to withstand this bending moment, assume 
2/7400 inlbf  for long leaf yellow pine: 

91,59
7400

104203790 2




  in at ground line 

This is beyond the strength of a 40-ft pole of the maximum class, 00; a guy should be 
installed. 

Check for the possibility of using a wallaha pole, 2/000,11 inlbf   

50.52
000,11

104203790 2




C  in at ground line 

A 40 ft wallaha pole of maximum class 00 will not accommodate this loading; a guy is 
still required.
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2.4 Determine leading limitation using design schedules and 
calculations (Part 3) 

 

 

Example 5-5 

Assume the same 40-ft pole and three no. 4/0 stranded copper conductors level with 
the top of the pole, with equal 150-ft spans on each side, as in Example 5-2, but with 
the line offset this time by 30 ft, as shown in Fig 5-4a. The moments on pole B due to 
the conductors, from Example 5-4, from A toward B, and B toward C, are 996,336 ft-
lb, and; 

96.14630150 22 X ft 

Where X is the portion of the conductors exposed to wind. The moment on pole B, 
the portion in line with BC, is; 

144,97336,996
150

96.146
BCM ft-lb 

The moment on pole due to wind for one 150-ft span, from Example 5-4, is 3896 ft-lb, 
and 

77133896
150

96,146
3896 BXM ft-lb 

The total moment on pole B, in line, is 996,336 – 976,144, or 20,192 ft-lb. At right 
angles, it is 199,267 ft-lb, or (30ft = 146,96 ft) x 976,144. The wind moment is 7713 ft-
lb, and the total right angle moment is 206,980 ft-lb. 
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22 980,206192,20 BM  

Multiply by 2 for the factor of safety; the result is 416,000 ft-lb. For pine. 

73.59
7400

000,4163790
2 


C

in at ground line 

This is beyond the strength of the 40-ft maximum pole class, 00; a guy is required. 

Check for possible use of a wallaha pole, 
2/000,11 inlbf   

33.52
000,11

000,4163790
2 


C in at ground line 

This is also beyond the strength of the 40-ft maximum pole class, 00; a guy is still 
required. 

 
Example 5-6 

Assume that the 40-ft pole in Example 5-2 supports three no. 4/0 bare stranded 
copper conductors dead ended on the pole, with a span of 150 ft, as shown in fig. 5-
4c. 

The moment on the pole due to three no. 4/0 conductors with a 150 ft span, from 
Example 5-5, is 996,33 ft-lb. The moment on the pole due to wind on the conductors 
is 3896 ft-lb, and that due to wind on the pole is 1798 ft-lb. The total moment on the 
pole due to wind is 5694 ft-lb. 

Total moment on pole 316,99610694.53.996 222  ft-lb 

Multiply by 2 for a factor of safety: 

 

632,992,1M ft-lb 

For pine, 

 

65.100000,020,1
7400

1019933790
22

2




C in 

The circumference is much beyond any 40-ft pole, pine or wallaha (from the 
conclusions in Example 5-5). Guying must be used or other means employed to 
accommodate the loading safely. 

Equipment on Poles 

Poles supporting transformers, capacitors, regulators, switches, or other equipment 
also adds to the wind loading. Since the centre of gravity projects out from the pole, a 
moment is created on the upper portions of the pole, pivoting about its lower point of 
support. Ordinarily, the pole class selected for supporting the conductors, with its 
factors of safety included, is capable of carrying this additional load safely. For the 
larger scale equipment installations, however, a pole one class greater than that 
adequate for the conductors is specified. 
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Cross Arms 

Cross arms are now almost limited to carrying polyphase circuits in areas where 
appearance is not of paramount importance. They are also used where lines cross 
each other or make abrupt turns at large angles to each other. They are used as 
alley or side arms in which the greater part of their lengths extends on one side of the 
pole to provide adequate clearances where pole locations may be affected by limited 
space rights of way. Cross arms are shown in. 

 

Bending Moment 

The total bending moment M is equal to the sum of all the individual loads multiplied 
by their distances from the cross section under consideration. Ordinarily, the weakest 
section should be at the middle of the arm where it is attached to the pole. At the pin 
holes, however, the cross section of the cross arm is reduced and may, under 
unusual circumstances, be the weakest point in the cross arm. The determination 
can easily be made by computing unit fibre stress at the several points. Like the pole, 
the cross arm acts as a beam and the same formula for determining stresses may be 
employed. 
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el

M
f

/
  

Where   f  = maximum unit fibre stress occurring at extreme edges of  

    cross section, 2/ inlb  

  M = total bending moment, in lb  

  L = moment of inertia of cross section 

 

 

Modulus becomes; 











b

a
bd

c

l 2
2

6

1
 

Where a is the diameter of the hole. 

Example 5-7 

Assume a standard 8ft six pin arm mounted at its centre on a pole, supporting six 
conductors, each of which, with a half inch coating of ice, has a maximum weight of 
100 lb. The lengths, or moment arms, from the centre of the arm to each of the pins 
are respectively 15, 29 1/2, and 44 in. 

The moment about the first pin hole from the pole is: 



Section 2 – Overhead Lines and Installation 

64 of 261 

lbininlbinlbM .435029100
2

1
14100   

With the 3 ½ x 41/2-in cross section reduced by a 1-in pin hole, the section modulus 
at that point is; 

  4375.85.40.15.3
6

1 2 
c

l
 

And the fibre stress is: 

2/56.515
4375.8

4350

/
inlb

el

M
f   

Double Arms 

When fibre stresses approach the maximum safe values for a particular kind of wood 
(always keeping in mind a factor of safety of 2), two arms or double arms are used. 
Ordinarily, these are found at dead ends, at points where loads are greatly 
unbalanced (such as large offsets or bends in the line), and at intermediate points 
along a long line to limit damage in the event that conductor breaks creating severe 
load unbalances on the supporting structures. 

The two arms are placed one on each side of the pole and bolted together near the 
ends, and often at intermediate points. Properly constructed, with spacers of wood or 
steel between the arms, the structure created would act as truss with strengths of 10 
to 12 times that of a single arm, or 5 to 6 times that of the two arms considered 
individually. Since such quality trusses may not always be constructed in the field, 
prudence dictates that only the ultimate fibre strength equivalent to that of two cross 
arms be considered. Where the loadings on the arms may exceed their fibre 
strengths, the arms may be guyed, as shown in Fig 5-8, or steel arms may be 
substituted for wooden ones. 

Douglas fir and long leaf yellow pine are the most popular kinds of wood used for 
cross arms, through other kinds may also be found in use. Their ultimate bearing 
strengths are listed in Table 5.3 . 
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Bearing strength on an inclined surface at an angle to the direction of the grain is 
given as follows: 

naff a  2sin a2cos  

Where a is the angle of the inclination of the load to the direction of the grain. 

Cross Arm Brace 

Cross arms fastened to poles are usually steadied in position by braces. Flat braces, 
usually flat strips of galvanised steel bolted to the cross arm and fastened 



Section 2 – Overhead Lines and Installation 

66 of 261 

Table 5-3 – Ultimate Bearing Strength of Wood 

 

Wood End-grain bearing f  Cross-grain bearing 

Long-leaf Yellow Pine 5000 1000 

Douglas Fir 4500 800 

Western Red Cedar 3500 700 

Cypress 3500 700 

Redwood 3500 700 

Northern White Cedar 3000 700 

 

 

The maximum unit pressure must not exceed the bearing value of the wood, or 
distortion will take place. As the ultimate strength of the wood is approached, the bolt 
will tend to bend as the fibres of the wood begin to give way, as shown in Fig.5-9b. 

Pins 

Loading 

Pins are subject to both vertical and horizontal loadings. The vertical loading results 
from the weight of the conductor and its half inch radial coating of ice. The horizontal 
loading stems from the wind, from differential tensions in adjacent conductors spans, 
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from nontangent spans, or from broken wire conditions in which the tensions in the 
conductor spans become unbalanced. 

Under vertical load, the pin acts as a simple column, transmitting its load to the cross 
arm at the shoulders resting on the cross arm. The stress is equal to the load divided 
by the area under pressure, the area of the shoulder resting on the cross arm. This 
component is usually not large compared with the other components acting on the 
pin and is often neglected. 

Under horizontal loadings, the pin acts as a cantilever beam, and the maximum 
stress occurs at the point where the pin rests on the arm. The bending moment M is 
equal to the load P multiplied by the distance of the conductor above that point ( h ): 

PhM   

The maximum fibre stress is usually considered to be at the point where the shoulder 
comes in contact with the cross arm. Its unit value, in pounds per square inch, may 
be calculated. 

20982.0 d

Ph
f   

Where d is the diameter of the shank of the pin. 

Since the balancing of moments may occur at the edge of the shoulder of the pin (for 
either wood or metal) rather than at the edge of the shank of the pin, some crushing 
effect may take place on the wood of the cross arm, which may affect its strength 
substantially. In such instances, the weak point may occur at the cross section of the 
pin above the cross arm; the value may be found by substituting the diameter of the 
pin  at about one third of the distance down from the point of the conductor 
attachment, approximately the diameter at the weak point. 

Double Pins 

Double pins, one on each of the double arms, are used where the strength of one pin 
is inadequate. 

Pins in Lieu of Cross Arms 

The advent of wye primary systems employing a common neutral with the secondary 
(situated on the pole in the secondary position) allowed single phase primary 
conductors to be supported on a steel ridge pin, as shown in Fig 5-11. The vertical 
loading on the pin, the weight of the ice-coated conductor, is transmitted to the pole 
through the bolt by which the pin is attached to the pole. Horizontal loadings, from 
both wind and conductor tension, act on the pin as a cantilever beam, and the same 
analysis of stresses in the pin, bolt, and pole applies here as with cross arms. 

In polyphase systems, the conductors may be supported on pins attached directly to 
the pole, eliminating the use of cross arms (this method of support is sometimes 
referred to as ―armless construction‖). This not only makes for a neater appearance, 
but, as indicated earlier, improves electrical performance by mitigating the voltage 
drop due to the reactance of the line. (The arrangement and spacing of the 
conductors accounts for the lessened reactance. Also, this construction employs 
bucket trucks or platforms for easier access to the conductors.) 
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Insulators 

Insulators used on overhead distribution systems are made of porcelain, glass, and, 
more recently, synthetic materials. Glass insulators, though no longer widely 
installed, exist in abundant numbers and will probably remain in service for. 

Loadings 

In general, porcelain has relatively little tensile strength but excellent strength in 
sustaining compressive stresses, properties substantially true also of glass. Lines are 
therefore so designed that the insulator materials will be in compression when 
carrying the (mechanical) loads imposed on them. 

Pin Type 

As the name implies, pin type insulators are mounted on pins (of either wood or 
metal) and the conductors are fastened to them. Their strengths (in compression) are 
usually greater than those of the pins upon which they are mounted. The dimensions 
of the insulating material necessary to meet the mechanical requirements are usually 
ample in meeting the electrical requirements, including surge voltages when wet. 

Post Type 

The post type insulator is essentially a pin type insulator that incorporates its own 
steel pin. Vertical loads are provided for by the porcelain, while horizontal loads act to 
create a moment about the point of attachment to the pole. Stress is transmitted by 
its steel core (or pin) to the cross arm or pole. 

Suspension or Strain Type 

The suspension or strain type insulators are also known as disk or string insulators. 
They are not generally used on distribution circuits except at turning points and at 
dead ends, where pins and pin type insulators may not provide sufficient strength; 
they are particularly useful in providing for the unbalance of stresses caused by 
broken conductors where pins, and even double pins, may be adequate and some 
form of insulated clamp or other means of attachment is required. Here the 
conductors are dead ended on each side of the pole, and the disk insulator, designed 
for heavy loadings of 10,000 to 20,000 lb (and similar to those used for transmission 
lines, but smaller in diameter), serves this purpose. Often, two or more such disks 
are assembled as a unit to accommodate higher operating voltages. 

Strain Ball Type 

The strain ball type of insulator has been used to dead end lower voltage primary and 
secondary conductors, and as an insulator in guy wires in older installations; many 
still exist. Here, the porcelain is under compression, accommodating the stresses 
imposed on it. Standard ratings include strengths (in compression) of 10,000, 12,000, 
and 15,000 lbs 

Spool Type 

Insulators of the spool type are associated with secondary racks, described earlier, 
and are standardised in design. The compressive strength of the spool porcelain is 
usually greater than the strength of the other parts of the rack. 
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Guys and Anchors 

Stresses 

When the horizontal loads imposed on poles and cross arms may exceed the safe 
carrying strengths of the wood involved (or holding power of the soil), guys of steel 
wire are usually installed to take up or counteract the excessive stress. The various 
types of guys are shown in Fig. 5-15. Note that the guys take up the horizontal 
stresses and distribute them to the other cross arms, to other poles and into the 
ground, or directly into the ground. The structural and environmental conditions 
peculiar to each situation dictate the type of guy used.     Fig 5-15 
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Anchor Guy 

The most commonly used guy is the anchor guy, of which one end is fastened to the 
pole and the other end to a rod to which is attached an anchor that is buried in the 
ground. The anchor selected depends on the holding power of the soil: from poor in 
swamps to excellent in hard and dry earth. 

Span Guy 

In the span guy, the guy wire extends from the head of the pole under load 
horizontally to an adjacent pole; since this merely transfers the load through the guy 
wire to the other pole, the receiving pole must be strong enough to take the additional 
load, or the receiving pole must be guyed. 

 

Loading 

The loads imposed on guys are generally due to the tension in the conductors and 
the angle between adjacent conductor spans, if any; the magnitude of the tension 
depends on the size of the conductor, its loading (including wind and ice), and the 
sag in the span. The design limits are usually based on the elastic limit of the 
conductor s (e.g., 50 to 60 percent of the ultimate strength of copper). 

The usual stress is generally less than that, as the design limits are based on the 
worst assumed loading conditions, which are approached only occasionally. 

The stress on the pole at an angle in the line is also due to tension in the conductors, 
but only a component of that tension is handled by the guy; the amount depends on 
the size of the angle in the line. Refer to Fig. 5-17a. 

If T is the total tension caused by all the conductors, and a is the angle of 

2
sin

a
TTa  

And the total stress handled by the guy is twice that, or 
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2
sin2

a
TTa  

If the tensions in the two spans are not balanced, then the resultant stress will be the 
vector sum of the two, and will be the stress handled by the guy. Wind pressure on 
the pole itself must also be taken into account in determining the total load to be 
handled by the guy. 

If the angle is large, usually more than 
A60 , the loading on the guy bisecting the angle 

will be greater than the dead end loading of the line, and it is generally better to 
install two guys, considered as dead end guys, if practical. 

The guy should be attached as near as practicable to the centre of loading of the 
loads it supports. Where the individual loads act at different elevations, they should 
be converted into an equivalent single load at the point of attachment of the guy. If T 
is the loading (say the primary) at height h, T, is the loading (say of the secondary) at 
height h, P, is the wind pressure on the pole assumed to be concentrated at height h, 
and L, is the equivalent horizontal loading.                 Fig 5-17a & b 

 

Since the guy is not usually horizontal, the actual tension in it will be greater than L, If 
b is the angle the guy makes with the horizontal, then the loading in the guy, L is: 

b

La
La

cos
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The vertical component L, is: 
bLyLx tan or bLcLx sin  

Assume three no. 4 medium hard drawn copper primary conductors dead ended at 
the top arm 33 ft above the ground, and 4 no. 2 soft drawn copper cabled 
secondaries dead ended 2 ft below, or 31 ft above the ground; a pole face area of 25 

ft 2 ; and a wind pressure of 4lb/ ft 2  applied one third the distance down from the top 
arm, or 22 ft above the ground. The guy is attached 30 ft above ground at an angle of 
45. 

   

lbL

lbL

lbP

lbT

lbT

G

H

u

p

325,10
707.0

7300

45cos
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7300
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If the guy is attached at a point too far from the centre of the load, a significant stress 
may be imposed on the pole, as the section of the pole above that point acts as a 
beam, and the moment at that point will be approximately 

    )(1 wwpp hhPhhThhTM   

And the fibre stress in the pole at the point of attachment of the guy will be 

30982.0 d

M
f   

Where d is the diameter of the pole at this point 

Guy Wires 

Guy wire is made of stranded steel cable (usually 7 or 19 strands) so that the failure 
of one or two strands will not cause the immediate failure of the cable. The strands 
are usually galvanised or copper clad to resist the effects of weather. The strands 
may be of mild steel or high strength steel, but must be of sufficient strength to 
support the loads imposed on the guy. Such steel wires usually come in four grades 
of strength, and standards further specify that guy wires not be stressed beyond 75 
percent of their ultimate strengths. Wires are manufactured in diameter differences or 

steps of 
11

1
in, but sizes less than 

4

1
in or greater than 

2

1
in are seldom, if ever used, 

two or more guys being employed if stresses greater than the maximum strength of 
the guy wire are required. In practice, however, only three sizes are usually stocked 
and specified: light, medium, and heavy. They are often referred to by their maximum 
permissible strengths, eg 6,000lb, 10,000lb, and 20,000lb (6M, 10M, and 20M) 

The characteristics of steel wire used for guys are given in Table 5-4. 

Guy wires are attached to poles and cross arms by eye bolts, thimbles, clamps, clips, 
hooks and plates, and special guy bolts which have the eye shaped and bent at an 
angle to accommodate the wire. 
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Wire Class Ultimate Strength. lb / 2in  Elastic limit lb / 2in  

Standard 47,000 24,000 

Regular 75,000 38,000 

High strength 125,000 69,000 

Extra high strength 187,000 112,000 

Weight of steel wire: 0.002671 lb / 2in  

Modulus of elasticity: 21029  

Coefficient of linear expansion: 

Within the 
2

1
to 

4

1
in range, for the four classes of wire, ultimate strengths vary from a 

minimum of 1,900 lb to a maximum of 27,000 lb 

 

Anchors 

The holding power of the anchor should obviously match the strength of its 
associated guy wire. In general, the holding power will depend on the area the 
anchor offers the soil, the depth at which it is buried as a function of the weight or 
resisting force of the soil, and the kind and nature of the soil. 
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2.4 Determine leading limitation using design schedules and 
calculations (Part 5) 

Table 5-5A Classification of Soils 
 

Class Description 

1 Hard rock; solid 

2 Shale, sandstone; solid or in adjacent layers 

3 Hard, dry; hardpan, usually found under class 4 strata 

4 Crumbly, damp; clay usually predominating. Insufficiently moist to pack 
into a ball when squeezed by hand 

5 Firm, moist; clay usually predominating with other soils commonly 
present. Sufficiently moist to pack into a firm ball when squeezed by hand 
(most soils in well drained areas fall into this classification) 

6 Plastic, wet; clay usually predominating as in class 5, but because of 
unfavourable moisture conditions, such as in areas subjected to 
seasonally heavy rainfall, sufficient water is present to penetrate the soil 
to appreciable depths and, though the area be fairly well drained, the soil 
becomes plastic during such seasons, and when squeezed will readily 
assume any shape (a soil not uncommon in fairly flat areas) 

7a Loose, dry; found in arid regions, sand or gravel usually predominating 
(filled in or built up areas in dry regions fall into this class, and as the 
name implies there is very little bond to hold the particles together). 

7b Loose, wet; same as loose, dry for holding power; high in sand, gravel or 
loam content. Holding power in some seasons is good, but during rainy 
seasons soil absorbs excessive moisture readily with resultant loss of 
holding power, especially in poorly drained areas. This class also includes 
very soft wet clay 

8 Swamps and marshes 
 

Type of anchor and rod rise 

Screw Expanding Swamp 

Soil class  
8 in 

1in x 5.5 ft 

Eight way 
8 in 

½ x 8 ft 

Eight way 
10 in 

1 in x 10 ft 

Four way 
12 in 

1/1/2 in x 
10 ft 

 
13 in 

2 in pipe 

 
15 in 

2 in pipe 

1 NR NR NR NR NR NR 

2 NR NR NR NR NR NR 

3 NR 26,500 31,000 40,000 NR NR 

4 11,000 22,000 26,500 34,000 NR NR 

5 8,000 18,500 21,000 26,500 NR NR 

6 6,500 13,000 16,500 21,500 NR NR 

7 3,500 10,000 12,000 16,000 NR NR 

8 NR NR NR NR 12,000 13,000 
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Straightaway Poles 

Step 1. Determine the grade of construction applying, B or C. 

Step 2. Determine the factor of safety required for transverse loading, and 
calculate the total load on the pole 

a. For grade B construction, the factor of safety is 4 and the total load 

is 4  fedc  . 

b. For grade C construction, the factor of safety is 2 and the total load 

is 2  fedc  . 

c. For grade C construction at crossings, the factor of safety is 2.66 

and the total load is 2.66  fedc  . 

Step 3. Calculate the total ground line moment on the pole by multiplying the 
total load (step 2) by the average height of the conductors or 
equipment. 

Step 4. Select the pole class having a ground line resisting moment at least 
equal to that calculated in step 3. 

Step 5. If the pole is to support equipment, determine the pole class required by 
the weight of the equipment. If it exceeds that selected in step 4, the 
larger class should be specified. 

Step 6. If the transverse loading is too great for the unsupported pole, proceed 
to the section Guying Requirements in this appendix. 

Angle Poles 

Step 1. Determine the grade of construction applying. 

Step 2. Determine the factor of safety required for the type of loading, and 
calculate the total load on the pole 

a. For grade B construction, the factors of safety are 4 and 2 and the 

total load is 4  fedc  + 2b. 

b. For grade C construction, the factors of safety are 2 and 1.33 and 

the total load is 2  fedc  +1.33b. 

c. For grade C construction at crossings, the factors of safety are 2.66 

and 1.33 and the total load is 2.66  fedc  + 1.33b. 

Step 3. Calculate the total ground line moment on the pole by multiplying the 
total load (step 2) by the average height of the conductors. 

Step 4. Select the pole class having a ground line resisting moment at least 
equal to that calculated in step 3 

Step 5. If the pole is to support equipment, determine the pole class required by 
the weight of the equipment. If it exceeds that calculated in step 4, the 
larger class should be specified. 

Step 6. If the calculation in step 4 results in a class 5 pole, guying or cribbing 
will generally not be required unless soil conditions are poor. If the 
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result is other than class 5, proceed to the section Guying 
Requirements. 

Dead End Poles 

Step 1. Determine the grade of construction applying, B or C 

Step 2. Determine the factors of safety required for dead end loading, and 
calculate the total load on the pole 

a. For grade B construction, the factor of safety is 2 and the total load 
is 2a. 

b. For grade C construction, the factor of safety is 2 and the total load 
is 1.33a. 

Step 3. Calculate the total ground line moment on the pole by multiplying the 
total load (step 2) by the average height of the conductors. 

Step 4. Select the pole class having a ground line resisting moment at least 
equal to that calculated in step 3 

Step 5. If the pole is to support equipment, from Table 5-18 determine the pole 
class required by the weight of the equipment. If it exceeds that 
calculated in step 4, the larger class should be specified. 

Step 6. If the calculation in step 4 results in a class 5 pole, guying or cribbing 
will generally not be required unless soil conditions are poor. If the 
result is other than class 5, proceed to the section Guying 
Requirements. 

Guying Requirements 

General 

Smaller poles may be specified on the assumption they will be used with guying; this 
is possible because the pole acts as a strut only, the horizontal load being supported 
by the guy wire. Poles supporting equipment, or placed at a turn angle greater than 
A10 , however, should not be smaller than class 4. 

The steps enumerated above under Pole Class Requirements should cover all 
extreme cases of transverse or longitudinal loading. If the loading is too great for the 
unsupported pole, the following additional steps for each classification of pole, 
designed to determine guying requirements, should be considered. 

Straightaway Poles 

Step 7. Determine the factor of safety required for transverse loading, and 
calculate the total load on the pole. 

a. For grade B construction, the factor of safety is 2.66 and the total 
load is 2.66c. 

b. For grade C construction, the factor of safety is 2 and the total load 
is 2c 

Step 8. From Table 5-20, calculate the guy tension. 



Section 2 – Overhead Lines and Installation 

78 of 261 

Step 9. From table 5-21 , select the proper guy wire for the tension  

 

Table 5-20 Multipliers for determining tension in guy wire when tension 
in line wire is known 

Applicable to conditions A to D inclusive; see illustrations below 
 

D. ft 

H. 

ft 5 6 7 8 10 12 14 16 18 20 25 30 35 

15 3.16 2.69 2.36 2.12 1.80 1.60 1.46 1.37 1.30 1.25 1.16 1.12 1.09 

16 3.35 2.85 2.47 2.24 1.89 1.67 1.52 1.41 1.34 1.28 1.19 1.13 1.10 

17 3.54 3.00 2.63 2.35 1.97 1.73 1.57 1.46 1.37 1.31 1.21 1.15 1.11 

18 3.75 3.16 2.76 2.46 2.06 1.79 1.63 1.50 1.41 1.35 1.23 1.17 1.12 

19 3.93 3.32 2.89 2.58 2.15 1.87 1.68 1.55 1.49 1.38 1.26 1.19 1.14 

20 4.12 3.48 3.05 2.69 2.24 1.94 1.74 1.60 1.49 1.41 1.28 1.20 1.15 

21 4.32 3.64 3.17 2.81 2.33 2.01 1.80 1.65 1.54 1.45 1.31 1.22 1.17 

22 4.51 3.80 3.30 2.93 2.42 2.09 1.86 1.70 1.58 1.49 1.33 1.24 1.18 

23 4.71 3.96 3.44 3.04 2.51 2.16 1.92 1.75 1.62 1.52 1.36 1.26 1.20 

24 4.90 4.12 3.57 3.16 2.60 2.24 1.98 1.80 1.67 1.56 1.39 1.28 1.21 

25 5.10 4.28 3.71 3.28 2.69 2.31 2.04 1.85 1.71 1.60 1.41 1.30 1.23 

26 5.529 4.45 3.84 3.40 2.79 2.39 2.11 1.91 1.76 1.64 1.44 1.32 1.25 

27 5.51 4.62 3.99 3.32 2.88 2.46 2.17 1.96 1.80 1.68 1.47 1.34 1.26 

28 5.69 4.78 4.13 3.64 2.97 2.54 2.24 2.01 1.85 1.72 1.50 1.37 1.28 

29 5.89 4.94 4.28 3.76 3.07 2.61 2.30 2.06 1.90 1.76 1.53 1.39 1.30 

30 6.08 5.09 4.41 3.88 3.16 2.68 2.36 2.12 1.95 1.80 1.54 1.41 1.32 

31 6.28 5.26 4.54 4.04 3.26 2.77 2.42 2.18 1.99 1.84 1.59 1.44 1.33 

32 6.48 5.42 4.68 4.13 3.36 2.85 2.49 2.24 2.04 1.89 1.62 1.46 1.35 

33 6.68 5.59 4.82 4.24 3.45 2.93 2.56 2.29 2.09 1.93 1.65 1.48 1.37 

34 6.88 5.75 4.96 4.36 3.54 3.01 2.62 2.34 2.14 1.97 1.69 1.51 1.39 

35 7.08 5.92 5.10 4.48 3.64 3.09 2.69 2.40 2.19 2.02 1.72 1.53 1.41 

36 7.27 6.08 5.24 4.60 3.74 3.16 2.76 2.46 2.24 2.08 1.75 1.56 1.44 

37 7.63 6.28 5.38 4.73 3.85 3.24 2.83 2.52 2.26 2.10 1.79 1.59 1.46 

38 7.66 6.40 5.52 4.86 3.93 3.32 2.89 2.58 2.34 2.15 1.82 1.61 1.48 

39 7.87 6.59 5.66 4.98 4.03 3.40 2.96 2.64 2.39 2.19 1.85 1.64 1.50 

40 8.07 6.74 5.91 5.10 4.12 3.49 3.28 2.69 2.44 2.24 1.89 1.67 1.52 



Section 2 – Overhead Lines and Installation 

79 of 261 

 



Section 2 – Overhead Lines and Installation 

80 of 261 

Table 5-21 Allowable Guy Tensions 

 
Guy Wire Loading, lb 

 Dead end and angle Transverse 

Material Reference Strand 

Ultimate 
strength, 

lb 
Grade C, 
SF=1.14 

Grade B, 
SF=1.50 

Grade C, 
SF=2.00 

Grade B, 
SF=2.44 

Copperweld 6M 3 #8 6,280 5,500 4,100 3141 2360 

11M 11/32‖ 11,280 9,860 7,520 5640 4240 

17M 7/16‖ 7,210 6,330 4,810 3605 2710 

Aluminium 
weld 

6M 3 #8 7,210 6,330 4,810 3605 2710 

 11M 11/32‖ 12,960 11,370 8,640 6480 4870 

 17M 7/16‖ 19,060 16,720 12,700 9530 7160 

Dead end loadings or 
A60 angles primary 

Copper Loading, lb Aluminium Loading, lb 

No.6 bare 640 No.1/0 bare 1200 

No.3 bare 1070 No.1/0 HDPE or PVC 1500 

No.3 PVC 1230 No.3/0 bare 1450 

No.1/0 bare 1550 No.3/0 HDPE or PVC 1800 

No.1/0 HDPE or PVC 2000 336,400 cmil bare 2000 

No.4/0 bare 1650 336,400 cmil HDPE or PVC 2000 

Construction 

Concrete Poles 

Concrete poles are manufactured in several cross sectional shapes; round, square, 
and polygons (usually six or eight sides). Moreover, they may be solid or hollow. The 
method of pouring the hollow poles involves spinning the form while the concrete is 
being poured, and forcing it to the outside while leaving the centre hollow; the result 
is a highly uniform, compact, prestressed concrete of high strength and texture. 

As concrete has a higher strength under compressive loads than under tensile loads, 
the overall strength of the concrete poles depends a great deal on the steel 
reinforcement. Its strength also depends considerably on the mixture of cement and 
how it is cured. 

Where cross arms or other distribution devices and equipment are to be mounted 
directly on the pole, provision is made for the necessary bolt holes when the concrete 
is being poured. 

Besides their appearance and greater strength, hollow poles provide a means for 
electrical risers to be installed inside the pole out of sight and not readily accessible 
to the public. Other advantages claimed include resistance to fire, birds, rot, and 
vandalism; also the elimination of harm and clothing damage to the public from 
contact with some wood preservatives. A variety of colours and finishes also is 
possible with concrete poles; these may contribute to their acceptance.
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2.5 State pole and line installation techniques 

11.3.2 Structure construction procedures 

Each special structure and each special piece of equipment must have a particular 
established procedure that accounts for the capabilities of the equipment, and the 
requirements of the task at hand. 

An ñHò fixture is the principal structure in rural areas for voltages between 115 kV and 
50kV. We will use a 230kV ―H‖ structure as an example. The procedure is as follows: 

1. All pole framing material must be delivered in the ROW to exact, designated 
positions. 

2. Al structures must be assembled or framed and placed so as to be set without 
moving the equipment. 

3. All holes are dug. 

4. The setting rig must come by, set the pole and hold it until the tamping or back 
fill crew can secure it. 

 

1. Prepare foundation (types of foundations and methods will follow), 

2. Deliver material to site 

3. Assemble, and 

4. Erect. 

11.6.1 Tension definition 

The tensions shown in Table 11.1 should be approached as closely as the special 
conditions will allow in order to reduce the number of structures, but rarely exceeded. 
There are several conditions at which maximum conductor tension limits are 
specified.  

The initial unloaded tension refers to the state of the conductor when it is initially 
strung and is under no ice or wind load. After a conductor has been subject to the 
assumed ice and wind loads, and /or long time creep (the inelastic elongation of a 
conductor that occurs with time under load), it receives a permanent or inelastic 
stretch. The tension of the conductor in this state, when it is again unloaded, is called 
the fin a l un load e d t en sion . 

The loaded tension refers to the state of a conductor when it is loaded to the 
assumed simultaneous ice and wind loading for the National Electrical Safety Code 
(NESC) loading district concerned. 

The vertical load on a conductor is the weight of that span of wire with its ice loading. 
The horizontal load is the load due to the pressure of the wind. The total loading is 
the vector sum of both loads. The NESC requires that a constant be added to the 
vector sum to reach the standard loaded tension as follows; 
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 Heavy Medium Light 

Newton/meters 4.4 2.9 0.73 

Pounds/foot 0.3 0.20 0.05 

Table 11-1 

 
Wire and Temperature Limits for ACSR & 6201 AAAC 

 

A. Temperatures 

1. Tension limits 1, 2, and 3 below must be met at the following temperatures: 

 Heavy loading district CA8.17  ( FA0 ) 

 Medium loading district CA4.9   ( FA15 ) 

 Light loading   CA1.1   ( FA30 ) 

2. Limit 4 must be met at the temperature at which the extreme wind is expected. 

3. Limit 5 must be met at  CA0   ( FA32 ) 

B. Tension Limits in Percent of Conductor Rated Strength 

 

Tension Condition 

(See text for exp.) 

 

Phase 

Cond. 

OHGW High 

Strength 

Steel 

High  

Strength 

Steel 

1. Max. initial unloaded 

2. Max. final unloaded 

3. Standard loaded (usually NESC district 
loading) 

4. Max. extreme wind (A) 

5. Max. extreme ice (A) 

33.30* 

25.00¥ 

50.00 

 

70.00� 

70.00 

25 

25 

50 

 

80 

80 

20 

20 

50 

 

80 

80 

NOTE: (A) These limits are for tension only. When conductor stringing sags are 
  to be determined, limits 1, 2, and 3 should be considered as long as 
  tensions at conditions 4 and 5 are satisfactory. 

NOTE: Tension limits do not apply for self damping and other special  
  conductors 

* In areas prone to vibration, a value of approximately 20 percent of the average annual maximum 
 temperature is recommended if vibration dampers or other means of controlling vibration are not used. 

¥ For 6201 AAC, a value of 20 percent is recommended. 

� For ACSR only, 6201 aluminium use 60 percent. 

Line Planning 

The steps for planning the construction of a transmission line are discussed in the 
following section. 
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11.10.1 Plan-profile Drawings 

Plan-profile drawings that show a topographical contour map of the terrain along and 
near the ROW, and a side view profile of the line, showing elevation and towers. 
Figure 11.6 shows a section of a plan-profile drawing. 

The transmission line plan-profile drawings serve as a worksheet, and eventually an 
expository sheet, which shows what, is to be done and the problems involved. 
Initially, the drawings are prepared based on a route survey showing land ownership, 
the locations and elevations of all natural and man made features to be crossed or 
that are adjacent to the proposed line (all affect ROW), line design, and construction. 
The drawings are then used to complete line design work such as structure spotting. 
During material procurement and construction, the drawings are used to control 
purchase of materials and serve as construction specification drawings. After 
construction, the final plan-profile drawings become the permanent record of property 
and ROW data, which is useful in line operation and maintenance, and in planning 
future modifications. 

Beginning with the initial preparation, accuracy, clarity, and completeness of the 
drawings should be maintained to ensure economical design and correct 
construction. All revisions made subsequent to initial preparation and transmittal of 
the drawings should be noted in the revision block by date and with a brief 
description of the revision. 

Drawing preparation begins with an aerial survey followed by a ground check. The 
proper translation of these data to the plan-profile drawings is critical. Errors that 
occur during this initial stage affect line design because a graphical method is used 
to locate the structures and conductor. The final field check of the structure site 
should reveal any error. Normally, plan-profile sheets are prepared using a scale of 
200 feet to the inch horizontally and 20 feet to the inch vertically. On this scale, each 
sheet of plan-profile can conveniently accommodate about 1 mile of line with enough 
overlap to connect the end span on adjacent sheets. 

The sample format for a plan-profile drawing is shown by Figure 11.6 with units and 
stations in customary United States units. Increase in station and structure 
numbering usually proceeds from left to right with the profile and corresponding plan 
view on the same sheet. 

Existing features to be crossed by the transmission line, including the height and 
position of power and communication line, including the height and position of power 
and communication lines, should be shown and noted by station and description in 
both the plan and profile views. The magnitude and direction of all deflection angles 
in the line should be given and referenced by P.I. station in plan and elevation. 
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A rapid method to determine uplift is shown by Figure 11.8. There is no danger of 
uplift if the cold curve passes below the point of conductor support on a given 
structure with the curve on the point of conductor support at the two adjacent 
structures. 

Designing for uplift or minimising its effects is similar to the corrective measures listed 
for excessive insulator swing, except that adding excessive weights should be 
avoided. Double dead-ends and certain angle structures can have uplift as long as 
the total force of uplift does not approach the structure weight. If it does, hold-down 
guys are necessary. Care should be exercised to avoid locating structures resulting 
in poor line grading. 

11.10.7 Final Drawings 

The conductor and ground wire sizes, design tensions, ruling span, and the design 
loading condition should be shown on the first sheet of the plan-profile drawings. A 
copy of the sag template should be shown. The actual ruling spans between dead 
ends should be calculated and noted on the sheets. 

As conductor sags and structures are spotted on each profile sheet, the structure 
locations are marked on the plan view and examined to ensure that the locations are 
satisfactory and do not conflict with existing features or obstructions. To facilitate 
preparation of a structure list and the tabulation of the number of construction units, 
the following items, where required, should be indicated at each structure station in 
the profile view: 

1. Structure type designation 

2. Pole height and class or height of tower 

3. Pole top, cross arm, or brace assemblies 
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2.6 Recall regulations pertaining to over head lines 

Notes and comments on some of the overhead line construction and 
maintenance regulations 

Regulation 12 - Protection against corrosion 

All iron and steel fittings must be protected by galvanising or other suitable means. It 
is necessary to have a minimum deposit of 460 grams of zinc per square metre and 
hot dip galvanising should be called in for in any specification for line fittings. 

Regulation 13 – Insulators 

These must be of adequate strength. Pin insulators must not be used for strain or 
termination construction. 

Where the direction of an overhead conductor is changed there is a resultant load 
acting on the insulators in addition to the possible wind loading. 

 

 

 

When a pin insulator is used, a bending moment is placed on the pin and this must 
be limited so that the pin is not excessively stressed. 

As explained in Unit 1, pin insulators are designed for a failing load of 7kN or 11kN 
with a maximum working load of 40 per cent of the ultimate strength. 
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The permissible line deviation for pin type insulators is calculated as follows: 

Let 
?

w   = wind load on the conductor in newtons per metre 

 ?  = span length in metres 

   = maximum tension in the conductor in newtons 

   = angle of line deviation 

The resultant force on the pin 

   = 2  sin 
2

cos
2


??w  

For small angles such as associated with pin insulators cos 
2


 can be taken as unity 

and the expression reduces to: 

Force on pin  = 2  sin ??w
2


 

Example 

Determine the maximum deviation allowed on an 11 kN pin insulator for a 7/3.50 
hard drawn copper conductor with a span of 150 metres. The ultimate strength of the 
conductor is 26600 N, the wind load is to be taken as 500 Pa and the diameter of the 
conductor is 10.5 mm. The tension in the conductor must not be more than 50 per 
cent of the ultimate strength. The transverse loading on the pin insulator is not to 
exceed 40 per cent of the ultimate strength. 

Wind load = 25.5105.10500 3   N/m 

Pin load = 2  sin ?1
2

w


 

11000
100

40
  =  

2

26600
2 sin 

2


+ 15025.5   

Sin 
2


  = 

26600

5.3612
 

  = 1358.0  

2


 = A8.7  

Maximum angle of deviation = 
A6.15  

To standardise line construction many supply authorities specify a limiting line 

deviation such as A10 for pin type insulators. For line deviations in excess of this, 
strain construction must be used. 

As a comparison, the SAA Wiring Rules (Regulation 3.13.4.4) limits the change of 

direction of overhead lines to A30 where pin type insulators are used. However, these 
lines are limited to 60 metres span without approval of the supply authority. 

Regulation 14 – Loading Conditions 
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The values stated should be learnt. The value of 500 pascals has been found by 
experience to be satisfactory. 

Regulation 15 – Aerial Conductors 

All conductors must be stranded and all normally available materials are allowed. 

The minimum ground clearances must be maintained under conditions of increased 
sag because of the heating effect of the current. 

Regulation 16 – Conductor Sags and Tensions 

The conditions specified in this regulation must be known. 

Regulation 17 – Foundation for Supports 

The foundations for supports for aerial conductors must be capable of bearing any 
load to which they are likely to be subjected. 

The use of pole stays involves vertical component which increases the vertical load 
on the pole. Suitable pole footings were dealt with previously. 

Staying of poles is usually necessary on high voltage lines at terminations and all 
intermediate poles where there is a large deviation in the line. Similar staying may 
also needed for poles with lines up to 650 volts if the soil is of poor bearing quality. 

The essential components for the staying of a pole are: 

1. Galvanised stay wire of suitable strength. 

2. Strain insulator to insulate the strain wire within eight feet of the ground. 

3. Wire rope grips for strain wire, or preset fittings. 

4. Stay anchorage. 

5. Batten 

Figure 13 illustrates the overall constructional features of a ground stay. The various 
stay anchorages are shown in Figure 14. A typical stay rod is shown in Figure 15. 
Wire clips and the method of fixing these are shown in Figure 16. 

Regulation 18 – Supports 

The percentage of the ultimate strengths of various parts of overhead lines are stated 
in this regulation. The values are 50% for steel, 25% for wood, 40% for stay wires 
and insulators. 

For insulators, the term, electro-mechanical strength, is used. This is the maximum 
tension which can be applied without causing the insulator to puncture and fracture 
when a voltage of 75 per cent of the dry flashover voltage is simultaneously applied 
to the insulator. 

Regulation 19 – Earthing and Insulating of Metalwork 

Effectively earthed means that such earthing prevents the potential of exposed 
metalwork within 2.4 metres of the ground from exceeding a sustained voltage of 32 
volts a.c. 

Further notes on earthing will be given in a unit devoted to earthing. 
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Regulation 20 – Prevention of Unauthorised Climbing 

Apart from the methods listed in this regulation, anti climbing guards may need to be 
fitted in areas frequented by children, and the attachment of danger notices may be 
desirable. 

Regulations 21 – 26 – Overhead Service Lines 

These cover specific applications to service lines, and examples of these regulations 
are illustrated in Figures 17 and 18. 

Regulation 28 – Size of Conductors 
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For conductors required to operate up to 650 volts the minimum standard size would 
be 7/1.25 for copper, and 7/1.75 for all aluminium and aluminium alloy. 

For conductors operating above 650 volts the minimum standard size conductors are 
7/1.75 for copper 7/2.25 for aluminium alloy and 7/2.50 for all aluminium. 

Regulations 29 and 30 – Clearance of Conductors from Ground and Structures 

The clearances stated must be known. 

Regulations 31 and 32 – Vertical Spacing of Different Circuits on the Same and 
Separate Poles 

These regulations do not need further explanation; the limit for distribution is 33kV. 

Regulation 33 – Separation of Conductors 

Many formulae have been in use for calculating the separation required between 
conductors to comply with such a regulation as this. The Energy Authority of New 
South Wales has developed a formula and it is recommended that this should be 
used on all overhead line construction. 

The conductors of the same or different circuits attached to a fixed support should 
have a minimum equivalent horizontal separation from each other at any point of the 
span which should not be less than the largest of either A, B, C or D for the situation 
concerned. 

A. For conductors of the same circuit or different circuits attached to a fixed 
support, the equivalent horizontal separation ‗S‘ according to the sag at any 
point of the span shall be calculated as follows; 

S  =  
)(

)(
083.013.23.00076.0

2

r

d
DD

w
  

S  =  equivalent horizontal spacing in metres 

D  =  Sag (metres) at CA50  and no wind 

D  =  overall diameter of conductor in millimetres 

rw  =  resultant load (N/m) due to gravitational force on 

Conductors and 500 Pa horizontal wind load on the 

Conductor. 

The Energy Authority publishes a monograph to solve this formula and reference 
should be made to their design manual. 
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B. The minimum separation between conductors of the same circuit should be 
0.38 m up to and including 11kV plus 10 mm per kV in excess of 11 kV. 

C. The minimum separation between conductors of different circuits should not 
be less than 0.6 m up to and including 650 volts, and 1.2 m up to and 
including 33 kV. 

D. Where suspension insulators are used, and are not restrained from 
movement, the separation required by A, B and C should be maintained with 
an insulator swing of 45 degrees from the vertical position of one string only. 

While the above design factors are important in the calculation of conductor spacing, 
Supply Authorities usually prepare standard drawings based on the above for 
distribution work, to enable lines to be erected and comply with this regulation. 

The spacing of the conductors determines the design of the cross arms. Common 
practice for distribution work is to have 450 mm clearance between the insulators on 
the cross arm for medium voltage and 600mm clearance at the insulators on the 
cross arm for 11 kV. 

The SAA Wiring Rules gives the following values for medium voltage: 

 

Span Spacing 

Not exceeding 9m 0.2m 

Not exceeding 60m 0.45m 

 

It was indicated in the summary of Regulation 13 – Insulators, that angle construction 
for pin insulators should be limited to an angle of the order of 10 degrees. When 
angles exceed 10 degrees, strain insulators should be used. 

When the line deviation exceeds 30 degrees it is advisable to use twin cross arm 
construction with shackle insulators so that each cross arm is at right angles to the 
direction of the line. 

If two separate cross arms are not used the spacing of the conductors may not be 
great enough along the span unless the insulator spacing at the cross arm is 
increased. This would call for non standard cross arms and so it is usually 
economical to use twin cross arms 

Regulation 35 – Automatic Interruption to Supply in the Event of a Fault Condition. 

This regulation applies specifically to overhead lines of voltages in excess of 650 
volts. The automatic device should operate within two seconds for fault currents 
equivalent to the maximum prospective values. 

While the regulation excludes conductors operating at less than 650 volts, it is 
preferable where problems of discrimination do not occur that these conductors 
should be similarly protected. 
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2.7 Measure ground levels, deviation angles and compass bearings 

Basic Survey Methods 

In order to fully understand the above techniques, an appreciation of the methods of 
obtaining the required information is necessary. By ignoring instruments and 
equipment, the techniques can be broken down into fo u r b a sic me th o d s  of collecting 
information. Each method relies on the simple principle that if tw o  points are 
established, a th ird  point can be located in relation to them by various forms of 
measurement. 

a) Linear measurement – measurement having only one dimension, i.e. length. 
Such a measurement in a straight line would give the shortest distance 
between any two points. When two linear measurements are multiplied 
together, square measure or area results (see Chapters 2 and 3).  

b) Angular measurement – the measurement of the angle formed when two 
straight lines (or directions) meet (see Chapter6). Although an angle 
possesses magnitude (i.e. size), it cannot be estimated as a length, breadth, 
or area; therefore special units are used, i.e. degrees and radians.  

In order to discuss the methods in detail, it is necessary to state the following: 

i. The  situ a tion  In Fig. 1.3, the line AB represents a straight wall, while C is a 
point (say a vertical metal post) some distance way. 

ii. The  req u ire me n t To produce a two dimensional plan, drawn to some 
suitable scale, showing the post in true relationship to the wall. (Note: 
Drawing out the measured information is known as plotting the survey.) 

iii. The  p rob lem How can the post be located by measurement in relation to 
the wall in order that the requirement may be fulfilled? 
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Method 3 – Polar Co-ordinates/radiation 

i.  On  site Measure the horizontal angle BAC the length AB and the horizontal 
distance from point A to point C. Note down this information on the sketch 
(Fig.1.6(a)).  

ii.  In  th e  off ice  Draw line AB to scale. Use a protractor or an adjustable set 
square to set off the angle BAC. From A, scale off the distance measured 
to locate point C. 
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Site Surveying and levelling 

a) The use of maps will vary with the scale and the following text gives a brief 
account of each of the four maps mentioned above, along with an indication of 
some possible uses. 

i. 1:25 000 is a relatively small scale map and the smallest scale at which 
field boundaries are shown. Contour lines are drawn at 10m V, I,  

ii. Maps at this scale would be used  

 When planning large scale engineering works involving gradients of 
roads, sewers and pipes; 

 Extensively when involved with the flow of rivers and streams 
(flooding abatement, irrigation, reservoirs); 

 Where the contour lines provide a means of solving problems 
indivisibility and clearance between points; 
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 To illustrate aspects of regional planning because the small set 
enables an ‗overview‘ to be given. 

iii. 1:10 000 is almost accurately drawn to scale although some times widths 
are increased to accommodate road names. Conventions (signs and 
symbols) are used to represent features in a semi pictorial manner, e.g. 
orchard, quarry, cutting, embankment, etc, whilst individual parcels of land 
are shown, together with fences and fields. Contour lines are drawn at 5m 
V.I., although this is increased 10m V.I. in mountainous areas. 

Maps at this scale would be used 

 By the surveyor involved in estate management because individual 
tenant holdings can readily be distinguished; 

 For design of schemes for water supply; 

 For geological surveys; 

 By town planners and urban designers to illustrate initial proposals. 

iv. 1:2500 is a highly detailed map providing accurate information to a fairly 
large scale. A distinctive feature of the map is that each parcel of land is 
identified by a number and has its area printed below (hectares and acres) 
which makes the map extremely useful for rating and valuation purposes 
as well as location plans for local Authority submissions. 

v. 1:1250 is the result of a double enlargement of the 1:2500 sheet which 
renders it no more accurate than the smaller map. It is the largest scale of 
mapping published by the O.S., although in the 19th century and early 20th 
century 1:500 scale maps were produced and are still to be found in many 
offices. At 1:1250 scale all streets are named, as are public and other 
buildings having a specific name. Remaining buildings are numbered. 

Maps at this scale are used. 

 In part, as block plans or location plans when making applications 
for planning and building regulation approval; 

 By designers for initial layouts; 

 By statutory undertakings to record the positions of power lines. 
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Chain lines: AB, BC, CD, DA, DB, and AC 

2.1.2 Survey Stations 

A survey station is a point of importance at the beginning or end of a chain line, or at 
the junction of one line with another. It is usually marked by the insertion into the 
ground of a vertical ranging pole. On hard surfaces this point may be marked by a 
stud, while on normal ground where a more permanent mark is required, a wooden 
peg (50 mm square) should be driven in, which can be easily located at all times. It is 
not a bad idea to make a dimensioned sketch of the position of the pegs so that 
these may be relocated if a peg is lost or accidentally removed. For station points on 
hard ground which are not to be of a permanent nature, a stand should be used to 
support the rod vertically. 

Stations should be placed as may be found convenient at the corner of areas or at 
prominent points, so that the lines joining them are as close as possible to the 
boundaries of the site in order to keep offset measurements short (See Section 2.1.7) 

2.1.3 The Base Line 

This is normally the longest of the chain lines forming the p a tte rn o f triang les , and 
should, if possible, be laid off on level ground through the centre of the site and 
encompass the whole length of the area. A compass bearing should be taken to fix 
its direction, which in turn will fix the direction of all other lines and allow the position 
of north to be determined. All survey drawings require a drawn north point. 
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2.3.6 Tapes 

A tape is used for taking subsidiary measurements in the field. It is suitable for taking 
offsets , which are measurements taken from, and at right angles to, th e chain line, 
or to fix adjacent points as on a boundary. 

 



Section 2 – Overhead Lines and Installation 

133 of 261 

 

2.4.4 Laying-down the Chain 

The leader, equipped with his ten arrows, drags the chain until he is brought up by a 
gradual pull and directed into line by the follower. Once alignment is effected, an 
arrow is inserted which marks the measurement of one chain length. Care must be 
taken to ensure that arrows are inserted ve rtically  and on the side of the ve rtical 
h a nd le , so that no error equal to the thickness of an arrow or the thickness of the 
handle is . 

b) On hilly ground Very often, due to undulations of some size, the last station 
point cannot be seen from the first, yet intermediate poles must be positioned 
for lining in the chainmen. The difficulty may be resolved by tying two poles 
together, although this is not very accurate or satisfactory. Two other methods 
may be adopted, as follows. 
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i. In Fig. 2.8, A and B are the two stations seen in plan, with the hill between 
them (as shown by the section). Two assistants with poles take up 

positions, one each side of the hill, at 1C  and 1D  and facing each other so 

that the observer at 1C  can see the pole at station A and the observer at 

1D  can see the pole at station B. By successfully directing each other into 

line, their positions will be altered until finally the finish at C and D exactly 
on the line AB and then the poles are inserted. 

ii. In Fig.2.9. A and B are again the two stations with the hill intervening so 
that A cannot be seen from B and vice versa. A trial line (known as a 

random line) is set out from A with poles erected at 1C , 1D , etc. and will 

end at 1B  (unless by the greatest of good fortune the line ends on B, where 

there would be no problem), There is therefore an error at the end of the 

line amounting to 1BB , which measured, 1AC  1AD  and 1AB , are also 

measured. By application of the principle of similar triangles, it is found that 

triangle 1ADD  is similar to triangle 1ABB  

1

1

1

1

AB

BB

AD

DD
  or 

1

1
11

AB

AD
BBDD   

Similarly the shift for any other pole is calculated. 
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2.8 Perform basic survey of short distribution line extension to 
produce field notes 
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By Prism The prism is held by the surveyor in his hand exactly over the point C, and 

the pole 1P  is sighted by direct vision o ve r  the prism. The rays of light forming the 

image of 2P enter the prism from the side and are bent to the observers‘ eye. The 

assistant moves 2P  until the poles can be seen in vertical alignment, at which point 

the right angle has been set off. 
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By Cross Staff Unlike the optical square or the prism, the right angle is set out by 
direct observation of all poles. The cross staff is placed on a tripod with a special 
receiving head, and the slots are made vertical. By use of a plumb line, the cross 

staff can be placed over the exact spot C in the chain line (Fig. 2.17) Poles 1P  and 3P  

are observed through the slots as a test that the staff is on the chain line. When the 
surveyor is satisfied that the cross staff is in line, he then observes through the slots 

at 90 degrees to the line and when he can see pole 2P  through the appropriate slot 

this signifies that CP2  is perpendicular to the chain line. 

 

 

 

 

 
2.7 Measure ground level, deviation angles and compass bearing 
 
Linear measurement 
 
Measurement having only one dimension 
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Angular measurement 
 
The measurement of the angles formed when two straight lines meet. 

 
 

 
Site surveying and levelling 
 
Scale of map 
 
1;25000---- Small scale map.  

 Planning large scale engineering works involving gradient of roads, sewers , 
pipes 

 Involve with the flow of rivers, street 

 When contour lines provide a means of solving problems intervisibility and 
clearance between points 

 To illustrate aspects of regional planning 



Section 2 – Overhead Lines and Installation 

142 of 261 

 
1:10000---Almost accurate drawn to scale. To accommodate road names. 
 

 Estate management, design of schemes for water supply  

 Geological surveying 

 Town planning 
 
1:2500-----Highly detailed map providing accurate information to fairly large scale 
 
1:1250------ Double management of 1:2500 
 

 All streets are named 

 Block plan , location plan when marking application for planning and building 
regulation approval 

 By designers for initial layout. 

 By statutory undertakings to record the positions of power lines. 
 
 
 
Survey stations 
 
A  survey station is a point of importance at the beginning (or) end of a chart (or) at 
the junction of one line with another. 
 
It is usually marked by an insertion into the ground of a vertical ranging pole. On the 
surface , this point may be marked by a stud. Stations should be placed as may be 
found convenient at the corner of area (or) at prominent points so that the lines 
joining them are as close as possible. 
 

The base line 
 
This is normally the longest of the chain line forming the pattern of triangle. It should , 
if possible be laid off on level ground through the center of the site and encompass 
the whole length of the area. A compass bearing  should be taken to fix its direction 
which in turn will fix the direction of all other lines and allow the position of north to be 
determined. All survey drawings require a drawn north point. 
 
 

Survey equipments  
 
Chain 
 
Typical chain pattern  The tags shown are for 20 m chain and may be of brass or 
plastics. Plastics tag may be attached at each whole metre positions with a different 
colour used at each 5 m position. This is usual for chains longer than 20 m. 
 

Tapes 
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A tape is used for taking subsidiary measurements in the field. It is suitable for taking 
off sets which are measurements taken from and at right angles to the chain line or to 
fix adjacent points as on a boundary. 
 
Laying down the chain 
 
The leader equipped with his ten arrow drags the chain until he is brought up by a 
gradual pull and directed into line by the followers. Once alignment effected , an 
arrow is inserted which marks the measurement of one length , care must be taken to 
ensure that arrows are inserted vertically and the side of vertical handle so that no 
error equally to the thickness of arrow or the thickness of the handle is in trouble. 
 

 

 
On hilly ground 
 
Very often , due to undulations of some size, the last station point can not be seen, 
the first , yet intermediate poles must be positioned for lining in the chain man. 
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The difficulty may be resolved by tying two poles together although this is not very 
accurate or satisfactory, two other methods may be adopted as follows. 
 

Prism in Theodolite 
 
To see pole 
 
Clinometer  
 
To measure height 
 
Required drawing equipments 
 
Long steel straight edge parallel ruler, protractor 360 degree. French curve, Offset 
scale 
 
2.8 Perform basic survey of short distribution line , extension to produce field notes 
 
Surveying software 
 
Read the article 
 
― Re- engineering the Transmission Line Design Design Process   in 2.8 Perform 
basic survey of short distribution line extension to produce field  notes handout. 

 
 

2.8 Site Surveying 

 

Surveying Meanings 

 
Level Datum—It is the level line or surface that has been given to a value to which the heights of 
points above or below can be referred. 
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Reduced Level (RL)—It is a value given to a point or surface that represents its 
height above or below , an assumed level datum. 
 
 
Bench Mark- Bench Marks are the points that have a reduced level value. 
 
 
Back Sight--- Back sight is the first reading taken from any instrument set up. It is 
always taken to a point which has a known RL 
 
Fore Sight – It is the last reading taken from an instrument set up . It is taken to a 
point where RL is known or where RL is required for further levelling. 
 
Intermediate Sight—It is any other reading taken from an instrument set up. 
 
Change Point—It is a point where RL may not be required but is used in series 
levelling so that the levelling process can be proceeded. 
 
Inverted Level--  It refers to the bottom inside RL of a pipe 
 
Temporary Bench Mark (TBM)—It is a location normally transferred from a bench 
mark as a convenient location for other heights to be noted or positioned. For 
example, they may be positioned close to a building being erected. 
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Determination of height difference between two points 

 

                      
Reading 

 Difference Height 

Station 1 Station 2  

0.812 1.013 0.201 

0.566 0.764 0.198 

 ADD The Difference 0.399 

 Average--- / 2 0.195 

 

Rise and fall calculation 
 
FALL 

 Second point value is bigger than first point--------- FALL 
 
RISE 
 

 Second point value is smaller than first point---------RISE 
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Calculation of reduced level from known point by field surveying 

 
                                                                                                   (1) 1.325 BS          A (PSM) 

 

 
                     (2) Fall 1.625   / 4.75 (FS) 

 

 

 

                                                                                                                          (6) 0.596   Rise 

2.78 

 

 
(3) 0.9 (BS) 

 

                                                                                                                  (5) 3.375 BS 

 

 

 

       (3a) I S = 1.875 

    

 

                                                (4)  FS 0.25  Rise 1.625 
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Back sight Intermediate Fore Sight Rise Fall RL Prism 

 

(1) 1.325     100 A 

 

 (1.a) 2.55 

 

 

  1.225      _ 98.775 B 

 (1.b) 3.125 

Difference 

 

  0.575       

_ 

98.2 C 

(3) 0.9  

 

 

(2) 4.75 

Difference 

 1.625      _ 96.575 D 

 (3.a) 1.875 

Difference 

 

  0.975     _ 95.6 E 

(5) 3.375  

 

 

(4) 0.25 

Difference 

1.625       

+ 

 97.225 F 

  

 

 

(6) 0.595 

Difference 

 2.78        + 100.005 Closed A 

ADD 

ALL 

5.6 

 ADD 

ALL 

5.595 

ADD 

ALL 

4.405 

ADD 

ALL 

4.4 

  

       

 

 

Rules 

 

1. Data Entry Table 

 

Back sight Intermediate Fore Sight Rise Fall RL Prism 

(1) 1.325     100 A 

 

2. Flow Direction of Data Entry 

 

 

3.  

Back Sight 

 

                                  Intermediate                                                      Ever start  

 

 

       4 . 

I 

 

 

I 
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        5.  

 

Back Sight                                     Fore Sight 

 

        6. 

If Second point > First Point----------- FALL 

If Second point < First Point------------RISE 

 

7. 

 

BS 

 

 

              FS 

 

 

8. Calculation of reduced level 

 

First RL ± Fall  = Second RL 

 

First RL + Rise = Second Level 

 

9. To Adjust 

 

ADD----------- ALL ---------FS -------------BS  

 

 

 

                                                            RISE 

 

 

 

 

                                                             FALL 
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INTRODUCTION 

Traditionally, transmission line design practices have been comprised of conservative 
assumptions which easily model an elaborate and complex structural system. 
Continued developments in computers and software have given us the capability of 
breaking these normally inflexible traditions, and have allowed the industry the 
opportunity to re-engineer the entire transmission line design process. Finally, the 
seamless integration of all aspects associated with transmission line surveying, 
engineering, drafting, procurement, and construction is essential to maximize the full 
benefits of the re-engineering effort. 

Black & Veatch (B&V) is an engineer/constructor headquartered in Kansas City, 
Missouri. The firm has provided engineering, construction, and related services for 
electric power transmission and distribution throughout its 80-year history. The firm‘s 
Transmission & Distribution Division forms one of the largest T&D staffs among 
engineering and construction firms in the United States. By utilizing state-of-the-art 
resources and techniques, B&V continually strives to improve the transmission line 
engineering, procurement, and construction (EPC) process to produce better designs 
in the fastest, most economical manner. 

The Empire District Electric Company (E.D.E.) is an independent, investor owned, 
electric utility providing quality electric service in the four-state area of Kansas, 
Oklahoma, Arkansas, and Missouri. E.D.E. is dedicated to providing its customers 
with the highest reliability possible, while maintaining its low rates. 

B&V and E.D.E have selected the PLS-CADD software suite developed by Power 
Line Systems, Inc., Madison, Wisconsin, to support their needs for a "better, faster, 
cheaper" transmission line design environment. The line design software selected 
has the capability of meeting all the objectives required for the full integration of the 
transmission line design and drafting environment. 

SURVEYING 

Recent developments in surveying technologies have allowed the industry to re-think 
the station-elevation-offset formats that designers have traditionally used for 
transmission line profile modeling. Today‘s generally accepted method of surveying 
is some form of three-dimensional geographical information system (GIS) type 
representation. Data are usually collected in electronic format, and the transmission 
line software must be capable of reading the data intelligently in any form. Total 
Station, Geographical Positioning System (GPS), Photogrammetry, electronic 
topographical maps (USGS), and scanned or digitized existing profile drawings have 
all been employed to develop quick and relatively accurate terrain models for 
transmission lines. 

B&V and E.D.E. utilize a state-of-the-art technology, the FLI-MAP™ laser mapping 
system. FLI-MAP was developed by John E. Chance and Associates of Lafayette, 
Louisiana. This advanced technology system incorporates On-The-Fly (OTF) 
Kinematic GPS, GPS aided attitude, a reflectorless laser range finding sensor, and a 
helicopter to quickly gather topographical and other pertinent aboveground data. This 
method yields about 10 data points per square meter over a 65 meter wide corridor 
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under the flight path. This technology produces points with an accuracy better than 
12 cm vertical and 15 cm horizontal of all points on and above the ground. 
Approximately 100 kilometers of continuous line can be surveyed in a day, and the 
data can be available in the desired coordinate system and elevation datum on the 
same day if dictated by the client. The information can then be directly imported into 
PLS-CADD in a matter of minutes. Transmission line design can commence 
immediately using extremely accurate profile, significantly more accurate than even a 
very dense, time and labor intensive ground survey can produce. 

The design software selected has the capability of taking any three-dimensional 
survey format and "cutting" the profiles. The centerline and up to 20 left and right 
profiles at any offsets can be generated and shown. This process is nearly 
instantaneous, so Points of Intersection (P.I.s) can be moved or added at any time, 
and the new stationing and profiles are updated immediately. This allows for the 
typical last minute reroutes to be made quickly and effortlessly without delays caused 
by having to wait for new profile surveying, stationing changes, and engineering 
modifications. Station equations (equalities) will be obsolete. 

In addition, the software has the capability of creating interpolated points on these 
profiles by creating a triangular irregular network (TIN). This TIN can also be 
rendered to present a graphical three-dimensional representation of the transmission 
line, which can be used for permit and public hearing requirements or any other 
forum where graphical representations are required of the line (See Figure 1). 

 

Figure 1 - Three - d ime n sion a l ren de rin g  of a  d o u b le - circu it 5 00  kV  tran smissio n  line .  
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ENGINEERING 

A critical component in any re-engineering effort is the simplification and 
centralization of all activities. In the transmission line engineering arena, all 
parameters governing any part of the line design should be available in one common 
package. Engineers cannot and should not be expected to learn multitudes of 
software programs, keep current in each of their independent updates, and maintain 
support with each of the programs. In addition, any data transfers between such 
programs, whether manual or electronic, leave room for error. Finally, it is critical that 
the software be on a computer platform that is user friendly and commonly accepted 
across the engineering and business worlds. Managers, engineers, technicians, 
drafters, and secretaries should be able to use any form of the programs or their 
outputs using a common interface, without having to learn complex drafting programs 
or obsolete operating system languages. 

Another area of the software used in the re-engineering process that should not be 
overlooked is that it be technically sound. Software that merely duplicates 
assumptions and errors of the past is only as good as those assumptions. In today‘s 
computer environment, these programs will allow an error or mistake to be made 
faster than ever before. It is imperative that all calculations be made using state-of-
the-art technologies and methodologies, and to the highest level of accuracy that is 
reasonably achievable. These criteria should not be sacrificed in an effort to simplify 
or expedite the design process. 

PLS-CADD allows the engineer to completely design and lay out a transmission line 
without having to use any other external software. Due to this integration, all design 
criteria which will be imposed on the transmission line system are developed in one 
place. Loads which will be used to develop a sag-tension analysis and check sag 
clearances, uplift considerations, blowout criteria, cable tension limits, insulator swing 
criteria, structure design, insulator design, guying design, and foundation design are 
developed in one place. Overload factors (OLFs) can be applied in the transverse, 
longitudinal, and vertical directions and on the wire tensions. The loads can be 
selected to be applied to any component of the transmission line system. This allows 
PLS-CADD to be adaptable to any code or manufacturer requirement where different 
OLFs are required for each component of the transmission line system. 

Structure design and spotting are indicative of the re-engineering effort making 
tremendous strides. Traditionally, structures have been designed by developing 
allowable spans, wind and weight, under all the loading cases applicable to the 
structure. For example, due to terrain factors, a structure family may be designed for 
a vertical to horizontal span ratio (H/V) of 1.5. Using this criteria, an example tangent 
structure may have limitations of a maximum wind span of 300 meters and a 
maximum weight span of 450 meters, where the maximum wind span was probably 
dictated by an extreme wind condition and the maximum weight span was probably 
dictated by a heavy ice condition. When spotting this structure on a line, either by 
hand or by less sophisticated spotting software, the structure location is acceptable if 
the wind and weight spans are both below the allowable span limitations. 

However, in the "real world", the wind and weight spans are rarely maximized 
simultaneously for any given structure on a line. While we may think that we are 
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maximizing the use of the structure by approaching 100% use of either the allowable 
wind or weight span, there is actually additional strength available due to the contra 
allowable span not being utilized to its capacity, thus creating an interaction between 
the allowable wind and weight spans. Coupling this interaction phenomenon on a 
loading case by loading case basis, it can be seen that traditional methods used to 
spot structures can be as much as 70% or more conservative in their application. The 
associated reduction in structure costs on a large transmission project can quickly 
translate into a substantial overall project cost reduction. 

Weight spans are another area where traditional assumptions are invalid. It has long 
been standard practice that wind has no effect on computed weight spans. Sags are 
calculated with the wind loading, templates are developed with the corresponding 
sags, and these sags are then applied in the vertical plane. This is simply not the 
case in a three-dimensional environment. When wind is blowing on a span, the 
conductor assumes a swung-out catenary. In a level span, this swung-out catenary 
produces a wind and weight span equivalent to that in the vertical plane, so 
traditional assumptions are correct. In an inclined span, the weight span effect 
actually shifts and the traditional assumption is no longer valid (See Figure 2). 

 

Figure 2 - A p r o file a nd  a sso cia te d t h ree - d ime n siona l view  o f a  line  illust ratin g  w e igh t 
sp a n  d iffe ren ce s d ue  to  w in d  a ctin g  o n  th e w ire. A ll o th e r con stan ts rema in th e  sa me .  

The exact weight span in this swung out condition on an inclined span is difficult to 
determine by traditional methods of finding low points in elevation views, but 
computers and three-dimensional technology can easily make these determinations. 
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Using the traditional method, weight spans can be in significant error when 
considering any wind loaded condition (See Table 1). 

The software allows the selection of either the traditional method or exact method for 
calculating effective weight spans when using the wind and weight span options. It is 
recommended that the traditional method only be used when comparing PLS-CADD 
to traditional calculations or on extremely flat terrain. The exact method provides for 
an accurate three-dimensional line design and should be used on new projects. 
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  Weight 
Span  

Weight 
Span  

Weight 
Span  

Structure Wind 
Span 

w/o Wind w/ Wind Change  

Number (m) (m) (m) (%) 

31 184 146 102 -30% 

32 230 287 349 22% 

33 190 221 249 13% 

34 165 183 199 9% 

35 201 87 -19 -122% 

36 232 190 159 -16% 

37 180 190 196 3% 

38 164 120 89 -26% 

39 252 428 499 17% 

40 242 112 64 -43% 

41 78 99 123 24% 

42 53 73 89 22% 

Table 1 - Calcu late d  weig h t sp a n s f rom Figu re 2 . Trad itiona l ca lculatio n  of w e ight 
sp a n s u n de r w ind  co nd ition s a re in  sign ificant e rro r and  can  le ad  to  e xp en sive fie ld 
p rob lems if n o t a cco unte d  fo r prop e rly.  

Another significant aspect of any transmission line design program is the ability to 
incorporate the structure analysis of any type of transmission line structure. Important 
to the re-engineering effort, these structural programs also must be able to 
accommodate seamless integration into the line design. The PLS software has the 
capability to perform a full linear and non-linear finite-element analysis of wood, steel, 
concrete, and lattice structures. In keeping with the previously described criteria that 
any process in the re-engineering effort be technically accurate, it is essential that the 
structural analysis be performed as not merely a simplified replication of traditional 
hand analysis methods, but one that is rigorous. Traditional analysis methods can 
yield inaccurate results, sometimes on the conservative side and sometimes not. 

An example of a simplified and imprecise method is designing single pole structures 
by calculating and analyzing the groundline moment only. In actuality, the maximum 
stresses in the pole usually occur at a point somewhere above the groundline, which 
can be verified by simple statics and observations of actual structure failures 
subjected to extreme transverse loading. In addition, it is imperative that any guyed 
structures and extremely flexible structures be analyzed using a non-linear analysis 
platform. The PLS software meets all objectives required to fully analyze structures 
correctly. 

The current re-engineering movement has made major strides in analyzing existing 
lines for upgrade capabilities or fiber optic replacements and additions. Traditionally, 
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these analysis are performed by examining the structures independently of their 
location in the transmission line. Loads that are created by the maximum span 
limitations are recalculated for the replacement conductors and static wires based on 
those maximum wind and weight span limitations. Structure modifications are then 
designed and made to every structure on the entire line regardless of its physical 
application. However, as described earlier, very rarely are structures placed where 
the maximum span limitations are simultaneously utilized. By expanding our 
parameters and factoring in the placement of the structures in the line, we begin to 
realize those modifications may not be required on every structure. The PLS software 
has the capability of placing actual structure designs in a line and analyzing them 
directly on a site-by-site basis. This capability allows a full analysis to be made on the 
transmission line, allowing modifications to be designed on a structure specific basis 
using the actual loads that are applied to that specific structure at that specific site 
(See Figure 3). Considering the gross conservativeness of maximum wind and 
weight span modeling, many lines analyzed using this method can actually meet 
significant upgrading requirements with little or no structure modifications being 
required. 

 

Figure 3 - Finite  e leme n t struc tu ral an a lysis on  a n in - lin e  la ttice  st ructu re u sing  th e  
a ctu a l lo a d s imp o se d on  t he  st ructu re.  

Optimization of transmission lines is key to any design re-engineering effort. It is a 
necessary component for any true line design program. In addition, with many 
constraints imposed by physical obstructions, land owner desires, and environmental 
controls, the optimization process must allow for user defined controls to be handled 
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easily. Even on lines where there are many constraints, finding the least expensive 
combination of structures is still paramount to the project. Constraints usually fall 
under four categories: prohibited, extra cost, required structure location, and required 
structures. 

Prohibited zones are simply areas where it is physically not possible to put a 
structure such as driveways, roads, wetlands, and inaccessible areas. Extra cost 
zones are areas where structures may be placed, but at additional cost to standard 
construction practices. An ideal example of this situation is a river crossing, where 
structures in the water are possible but the construction of the water crossing 
foundations can be a significant factor. Using an optimization routine, it can be 
determined whether it will be less expensive to place tall river crossing structures on 
each bank, or to place several standard structures in the river itself. PLS-CADD is 
capable of finding the least-cost design when accounting for all constraints imposed 
on the transmission line. 

DRAFTING 

Transmission line drawings, while being somewhat complex, are very simple in that 
they are usually repetitious. There are several commercial programs available and 
many utilities and consultants have written in-house programs capable of 
incorporating all the various facets of the typical plan and profile (P&P) transmission 
line drawing. Plan views have P.I.s, structure locations, and often geographical 
maps. Profile views have terrain profiles, structure specific information such as type, 
height and stationing, span lengths, clearance requirements, and wire catenaries. In 
addition, maps are often incorporated into the plan view, which requires placing the 
proper terrain information on the drawings. In a true re-engineered environment, the 
drawing generation should be merely an extension of the engineering process, 
eliminating the need for tedious and time-consuming drawing generation.  

The P&P drafting of the design software is exactly that - an extension of all surveying 
and engineering activities. Drawings are formatted to fit client standards only once 
and include: 

 Drawing Size  
 Scales  
 Plan Size and Location  
 Profile Size and Location  
 Drawing Overlaps  
 Structure Text Contents  
 Other Standards  

All subsequent drawings are automatically generated using these same standards. 
Geographical maps created in other formats can be imported and placed under the 
plan view, automatically being cut and placed within the plan view area (See Figure 
4). Electronic USGS maps, economically available today for most parts of the US, 
also are being imported into PLS-CADD. Finally, these drawings can be plotted 
directly within the software package, eliminating the need for any other drafting 
program. As an option, drawings can be exported to other popular drafting programs 
for further customization and archiving in those formats. 
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Figure 4 - P la n  & p rofile  d raw ing crea te d  in PL S - CADD. A ll d e sign  in fo rma tio n  o n t he  
d raw ing  w a s o b ta ined  in te rna lly f rom t h e e ng in e e rin g p roce ss. The  ge o g rap h ical ma p  
w a s d ire ctly imp o rted  an d  au to ma tica lly cu t a nd  p lace d  in  th e co rre ct p o sition.  

PROCUREMENT 

With any large transmission line project, the procurement process can be a project 
within itself. As a step towards the re-engineering effort, many self-supporting 
programs and spreadsheets have been developed to tabulate, quantify, and correlate 
the numerous parts and assemblies that make up the transmission line. PLS-CADD 
has adapted this ability internally. Parts, assemblies, and even labor units from 
existing databases can be electronically imported into the software, where the 
standard structures are associated with the appropriate units. The parts, assemblies, 
and labor (if used) can then be totaled, creating the structure cost to be used in the 
optimization process. This approach eliminates the need for the long and tedious 
process of developing the actual structure cost to use in any optimization program. 

Material also can be associated on a specific structure site basis, for construction 
items such as gates and culverts. A material list can be generated from the line at 
any time for any section. This is extremely beneficial from the standpoint of 
determining marshaling yard locations along the line. The material list can be 
electronically transferred to most spreadsheet and word processing software, 
eliminating the need for re-entering data and thus preventing the introduction of 
errors and mistakes. Like drafting, material list generation is an extension of the 
engineering process. 
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CONCLUSIONS 

Today‘s fast moving and economy-driven business environment has dictated that 
companies, both private and public, cannot be competitive without closely examining 
traditional design practices and taking full advantage of the tools available to help 
them overcome limitations. They must make conscious efforts to make paradigm 
shifts and welcome new ideas, technologies, and practices. The computer is the 
major tool of the corporate world, and PLS-CADD is the tool that has allowed the 
transmission line industry to make a major move within the re-engineering effort. 
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Review questions for Section 2 

 

1 Name the factors that are used in the selection for overhead line conductors 

___________________________________________________________________
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________ 

 

2 Name six commonly used materials for overhead lines. 

 ______________________________________________________________ 

 ______________________________________________________________ 

 ______________________________________________________________ 

 ______________________________________________________________ 

 ______________________________________________________________ 

 ______________________________________________________________ 

 

3 Name the three factors that determine conductor current rating. 

 ______________________________________________________________ 

 ______________________________________________________________ 

 ______________________________________________________________ 

 

4 What are the factors that determine the maximum conductor temperature? 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

 

5 Name the standard methods used for protecting the steel against corrosion when 
it is used as reinforcement or as a conductor. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 
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6 Name the types of supports for conductors. Describe the one that is commonly 
used in distribution. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

 

7 Describe how wood poles are being protected against weather and fungal attack 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

 

8 State the governing factors that determine the stability of a pole 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

 

9 Define pole rake 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 
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10 Draw simple sketches of the following pole footings and describe their usages. 

 Plain footing 

 Concrete slab footing 

 Concreted footing 

 Baulk footing 
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11 State the factors that determine the lift of poles 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

 

12 For the wood pole label shown, describe the meaning of each item. 

 

 

 

 

 

 

 

 
Label 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

 

13 Describe how pole strength is classified. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

1234 

77 

12 – GB - S 

4 NR 

STC 
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14 A cross arm is listed as 2.7P/16/100x100. Describe the meaning of each term in 
the list 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

 

15 Describe the three common types of insulators used in distribution systems. 

 ______________________________________________________________ 

 

 ______________________________________________________________ 

 

 ______________________________________________________________ 

 

 

16 The designation of an insulator is ALP 33/920. Describe the meaning of each 
item. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

 

17 For the designation of an insulator: EA/2D, describe the meaning of each item. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

 

18 Sketch ‗creepage‘ of an insulator. 
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19 Describe the use of ‗arcing horns‘ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

 

20 Briefly describe the three determining factors for the mechanical properties of 
overhead conductors. 

 ______________________________________________________________ 

 

 ______________________________________________________________ 

 

 ______________________________________________________________ 

 

 

21 Describe briefly the two methods used in sag measurement. 

 ______________________________________________________________ 

 

 ______________________________________________________________ 

 

 

22 Sketch the following stay anchorages 

 Used in solid rock formation 

 Used in weak rock formation 

 Used in soil 
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23 Using the attached table, calculate the allowable sag for a 7/3.50 hard drawn 
copper overhead conductor with a span of 150 metres. The wind loading is 500 
pascals and the maximum conductor tension is to be 50 percent of the ultimate 
tensile strength. 

 

Stranding Sectional 
Area 

mm2 

Overall 
diameter 

mm 

Ultimate 
tensile 

strength 
N 

Mass 
kg/m 

Gravitational 
force (N/m) 

Wind 
load at 
500 Pa 
(N/m) 

Resultant 
load at 
500 Pa 
(N/m) 

Resistance 
per Km at 

CA20  

(OHMS) 

17/1.00 5.50 3.00 2310 0.049 0.483 1.500 1.576 3.25 

7/1.25 8.59 3.75 3610 0.077 0.754 1.875 2.021 2.09 

7/1.75 16.84 5.25 6890 0.151 1.480 2.625 3.013 1.06 

7/2.00 21.99 6.00 9020 0.197 1.931 3.000 3.568 0.815 

7/2.75 41.58 8.25 16700 0.375 3.675 4.125 5.525 0.433 

7/3.50 67.35 10.50 26600 0.607 5.949 5.250 7.934 0.268 

19/1.75 45.70 8.75 18300 0.413 4.047 4.375 5.960 0.395 

19/2.00 59.69 10.00 23900 0.538 5.272 5.000 7.266 0.302 

19/2.75 12.90 13.80 44500 1.020 9.996 6.900 12.146 0.160 

19/3.00 134.30 15.00 52800 1.210 11.858 7.500 14.031 0.134 

Table 1 

Temperature coefficient of resistance = 0.00381 per CA at CA20  
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3.1 Describe the construction features and insulation abbreviations 
of under ground cable 

Cables 

The majority of cables used for distribution work are impregnated paper insulated 
cables with a lead or lead alloy sheath. These cables up to 33kV are covered by the 
Australian Standard 1026. This standard also recognises aluminium sheathed cables 
and both aluminium and copper conductors for paper insulated cables. 

The conductor 

The conductor is made of either copper or aluminium 

Table 5 presents the properties of these two types of conductor materials. 

Properties Units Annealed 
Copper 

99.5% Purity 
Aluminium ¾ H 

99.5% Purity 
Aluminium T.O. 

as Extruded 

Density 3/ cmg  8.89 2.703 2.700 

Resistivity  m at CA20  
8107241.1   

8108264.2   
810803.2   

Temp. 
Coefficient of 
Resistance 

CperA  0.00393 0.00403 0.00403 

Melting Point CA  1083 658 658 

Coefficient of 
Expansion 

610CperA  17 23.8 23.8 

Ultimate Tensile 
Strength 

MPa 241 124 83 

¾ H – ¾ Hard      T.O. – SAA code symbol 

Table 5 

An analysis of these properties discloses that: 

1 The electrical resistivity of aluminium is 164% of copper; 

2 Although aluminium is only 30% of the density of copper it has 62% of its 
conductivity; 

3 For equal conductivity, the ratio of 

a) Areas is 1.64; 

b) Diameters is 1.28 aluminium to copper. 
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Types of Cables 

The various types of cables are listed as follows: 

1 Single core cables 

2 Belted cables 

3 Screened cables 

4 Multicore SL cables 

5 Multicore HSL cables 

6 Oil filled cables 

7 Gas filled cables 

8 Plastic insulated cables 

 

The main types used for distribution work are numbers 1, 2, 3 and 4 and these are 
described below. 

 

 

 

Screened Cables (Power Type) 

A screened cable is a multicore cable in which the insulation of each conductor is 
separately enclosed in a conducting film in order to ensure a radial electric field 
surrounding the conductor. The films are in electrical connection with one another 
and with the metallic sheath of the cable. They are usually earthed (see Figure 37). 
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Current Rating of Cables 

The current rating of cables is determined by: 

a) The thermal capacity of the cable 

b) The voltage drop 

c) The short circuit capacity 

Sheath Currents 

Sheath currents may be divided into two kinds, namely: 

1 Currents whose outward and return paths lie entirely in the sheath of one cable – 
sheath of one cable – sheath eddies. 

2 Currents whose outward and return paths are formed by the sheaths of separate 
cables - sheath circuit eddies. 

The formation of sheath eddies is shown in Figure 39 where two single core cables 
are shown carrying a current I. 

To obviate derating cables because of proximity effect, the following conditions 
should be considered: 

1 Where cables are fixed to a vertical surface or wall the distance between the wall 
and the surface of the cable should not be less than 20mm. 

2 Cables of which the cross sectional area does not exceed 2185 should be 
installed at a distance between centres of not less than twice the overall diameter 
of the cable. 
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3 Cables of which the cross sectional area exceeds 2185 should be installed at a 
distance between centres of 90 mm. 

4 Cables should be remote from iron and steel other than cable supports. 

Conductor Temperatures 

The maximum permissible continuous conductor temperatures for paper insulated 
cables are given in the following table 

 

Voltage rating of cable kV Type of cable Maximum permissible 
temperature 

0.6/1 

1.9/3.3 

3.8/6.6 

6.35/11 

 

 

12.7/22 

19/33 

All types 

 

 

Single core 

Three core belted 

Three core 
screened 

All types 

80 

 

 

70 

65 

70 

65 

Table 6 

Rating Factors 

Tables of current ratings for cables always specify some ambient temperature and 
the number of cables which are in close proximity. 

In practice the ambient temperature may be higher than that used for the design 
conditions, and so reduced current rating must be used. 

When more than the specified number of cables are in close proximity the current 
rating of an individual cable must be reduced to allow for the cumulative heating 
effect in all adjacent cables. To allow for such conditions rating factors are used. 

Rating factors for temperature changes are given in Figure 41; depth of laying in 
Figure 42; while proximity rating factors are given in Figure 43. 
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Rating factors for ground air temperatures 

 

Maximum 

Conductor 

Temperature CA  

RATING FACTOR 

Ground Temperature for Cables 
laid Direct or in Ducts 

Air Temperature for Cables laid in Air 

CA15  CA20  CA25  CA30  CA25  CA30  CA35  CA40  CA45  

60 1.14 1.07 1.0 0.92 - - - - - 

65 1.12 1.06 1.0 0.94 1.26 1.18 1.10 1.0 0.89 

70 1.11 1.05 1.0 0.94 1.22 1.15 1.08 1.0 0.91 

80 1.09 1.04 1.0 0.95 1.16 1.12 1.06 1.0 0.93 

Figure 41 

Single or Multicore Cables in Single Way Ducts 

 

Depth of 

Laying 

Metres 

0.6/1 kV Cables 1.9/3.3 kV to 19/33 kV Cables 

Single Core Multicore Single Core Multicore 

0.50 1.00 1.00 - - 

0.60 0.98 0.99 - - 

0.80 0.95 0.97 1.00 1.00 

1.00 0.93 0.96 0.98 0.99 

1.25 0.90 0.95 0.95 0.97 

1.50 0.89 0.94 0.93 0.96 

1.75 0.88 0.94 0.92 0.95 

2.0 0.87 0.93 0.90 0.94 

2.5 0.86 0.93 0.89 0.93 

3.0 or more 0.85 0.92 0.88 0.92 
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3.2 Calculate cable voltage drop in relation to length of cable run 
(Part 1) 

When selecting cables based on voltage drop the voltage drop in all circuits in 
the series arrangement must be considered. 

Voltage drop is likely to be the main factor for selecting cable in circuits where: 

- Cables carry high currents, that is, where 

- Installation conditions are such that the current carrying capacity of a cable is 
not greatly reduced, and 

- Maximum demand for the circuit is near the current carrying capacity of the 
cable 

Cable route lengths are long. 

Calculating voltage drop (Vd) 

The actual voltage drop (Vd) for a particular cable in a given circuit is calculated 
using the equation: 

1000

ILVc
Vd




 

Where:  Vd = actual voltage drop in volts 

  Vc = unit voltage drop in millivolts per ampere meter (mV/A.m) 

  This value is listed in the current carrying capacity and voltage drop 

tables of Ap pe n d ix B . 

L = route length of the circuit cables. 

I = current to be carried by the circuit. (usually the maximum 

demand) 

The divisor 1000 converts millivolts in the expression mV /A .m  to volts. 

A diversity allowance is applied when calculating voltage drop in domestic 
installations (See Clause 2.3.3(b)). 

Calcu lat ing  th e u n it va lu e  of vo lta g e d rop (Vc)  

The maximum permissible unit value of voltage drop is calculated by using the 
same equation used for actual voltage drop transposer Vc is the subject. 

AmV
IL

Vd
Vc /

1000
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S ing le a n d t h ree  ph a se  vo ltag e  d rop  

It may be necessary to convert the voltage drop in a single phase circuit to three 
phase voltage drop. For example determining the voltage drop in an installation 
from three phase consumers‘ mains to a single phase final subcircuit. 

Conversion of the unit voltage drop value Vc ( mV /A . m ) 

 Three phase VC = single phase Vc x 0.866 

 Single phase VC = three phase Vc ÷ 0.866 

Conversion of the actual voltage drop Vd (Volts) 

 Three phase Vd = single phase 3Vd  

 Single phase Vd = three phase 3Vd  

Cab le se lectio n  b a se d  o n  vo lta g e d rop  

You may need to select a cable size based on voltage drop where the voltage 
drop in the other cables in the series arrangement is known. For example: 

P lan n ing  to  me e t vo ltag e  d rop  requ ire me n ts  

The following questions and comments will help you plan to select cables that 
meet voltage drop requirements. 

W h at is ma xi mu m va lue  o f vo ltag e  d rop  p e rmi tt e d  in  t he  circuit?  

 Supply voltage is voltage measured at consumer‘s terminals (Clause 
2.3.3). Nominal voltage for single phase supply can generally be taken as 
240 V. 

 Maximum value of voltage drop in the cables to be selected is: 

- 5% of supply voltage  SV  - sum of other voltage drops 

- %5A  is 0.05 in your calculator 

 In the circuit above this is 
 

fscdS VV %5
 

W h at is th e ma xi mu m u n it o f vo ltag e  d rop  (V c in mv/A .m) th a t w ill sa tisfy the 
vo lta ge  d rop  requ ire me n ts?  

 Look up Appendix B and use the voltage drop equation to calculate 
maximum unit value of voltage drop. 
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W h at ca b le  ha s a  u n it va lue  of vo lta g e  d rop  (V c) e q ua l to  o r less tha n  the  va lue 
ca lcula ted  ab o ve?  

 Look up the current carrying capacity and voltage drop (Table B2). 

 

W ill th e  ca b le si ze  se lect e d  ca rry t h e  cu rre n t re q u ire d b y th e  circuit?  

 Check the current carrying capacity in the appropriate table (Tables B2 or 
B3) 

 Current carrying capacity of the cable must be equal to or greater than the 
maximum demand in the circuit. 

 

 

 

 

Australian Standard 
 

SAA Wiring Rules 

 

Table B2 

Columns 1 & 22 or 23 

 

 

 

 

Australian Standard 
 

 SAA Wiring Rules 

 

Paragraph B4.3.3 
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V
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C
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A lte rna tive  ca b le  si ze  

After all the cables in a series arrangement have been selected to satisfy current 
carrying capacity requirements it may be found that the voltage drop exceeds 
5%. In this case it is usually only necessary to increase the size of one of the 
circuit cables. 

W h at is the  ma ximu m p e rmissib le vo lta g e  d rop  fo r th e in s ta llatio n?  

 Supply voltage is voltage measured at consumers terminals (Clause 2.3.3) 

 To convert single phase voltage drop to three phase voltage drop multiply 
by. 

What is the voltage drop in each circuit? 

 Look up 

- the voltage drop unit values 

- (Vc in mV/A.m) for the conductor size in each circuit. 

- The equation in A pp end ix B . 

 Use the voltage drop equation to calculate the voltage drop for each 
circuit. 

Table B3 

Group of Circuits 

 
 
 
 
Australian Standard 
 

SAA Wiring Rules 

 

Table B2 

Single Circuits 
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W h at is the  to ta l vo lta ge  d rop f o r th e  in sta lla tio n ?  

 The total voltage drop is the sum of the voltage drops in the series 
arrangement of consumers mains, submains and final subcircuit. 

 The sum must not exceed 5% of the supply voltage for any series 
arrangement of circuits from the consumers terminals to load device 
terminals. 

W h at circ u it/s sho u ld ha ve  its ca b le si ze s in cre a sed ?  

 Where one cable has a much larger voltage drop than the other cables, 
increase its size. 

 Where all circuits have a similar voltage drop, increase the cable size on 
the circuit that is likely to be least costly. 

W h at is th e  ma xi mu m p e rmitte d  vo lta g e  d rop  in th e  circu it which  is to  h a ve  its 
ca b le si ze  in cre a se d ?  

 This is 5%of the supply voltage minus the sum of the voltage drops in the 
other circuits in the series arrangement. 

Table B2 

Columns 1 & 22 or 23 

 
 
 
 
Australian Standard 
 

SAA Wiring Rules 

 

Paragraph B4.3.3 
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W h at is th e  ma xi mu m vo lta ge  d rop  un it va lue (Vc in mV /A .m)tha t w ill sa tisfy th e 
ma xi mu m p e r mitte d  volta g e  d rop  in  t he  circuit?  

 Look up Appendix B and apply the voltage drop equation. 

 

W h at ca b le h a s a  un it va lue  o f vo lta ge  d rop  (V c) e q u a l to  o r less tha n  the  va lue 
c a lcula ted  ab o ve?  

 Look up the current carrying capacity and voltage drop table (Table B2) 

 

 Complete practical exercises 5 & 6. 

Cab le si ze  

Current carrying capacity is likely to be the determining factor in selecting cable 
size where: 

 Circuit route length is relatively short, and 

 Derating factors apply such as circuit grouping and effect of thermal 
insulation. 

 

 

 

 

Australian Standard 
 

SAA Wiring Rules 

 

Table B2 

Columns 1 & 22 or 23 

 

 

 

 

Australian Standard 
 

 SAA Wiring Rules 

 

Paragraph B4.3.3 
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Voltage drop is likely to be the main consideration for selecting cable size in 
circuits with high currents and long route lengths. 

The cable size must satisfy both current carrying capacity and voltage drop 
requirements. 
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3.2 Calculate cable voltage drop in relation to length of cable run 
(Part 2) 

Practical exercise 5: Select cables based on voltage drop  

Task 

Use AS 3000 to select a cable size based on voltage drop where the voltage 
drop of other cables in the series arrangements is known. 

Instructions 

For each of the following circuits determine: 

 Maximum unit value of voltage drop (mV/A.m) permitted in the circuit 

 Minimum cable size for the chosen circuit 

 

Circuit 1 

A lighting circuit in a single phase 240 V domestic installation with: 

 Consumers mains Vd = 9 V 

 Route length from switchboard: 28m 

 Circuit breaker rating: 6 A 

 Cable is TPS fully surrounded in thermal insulation. 

 

Maximum unit value of voltage drop (mV/A.m) permitted in the circuit: 

________________________________________________________________ 

________________________________________________________________ 

Minimum cable size:________________________________________________ 

 

Circuit 2 

A 240 V caravan site supply position is 40 m from a distribution board. 

Installation has: 

 Three phase consumers mains: Vd = 4.5 V 

 Three phase submains Vd = 7 V 

 Final subcircuit is protected by a 16 A circuit breaker and installed 
underground. 
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Maximum unit value of voltage drop (mV/A.m) permitted in the circuit: 

________________________________________________________________ 

________________________________________________________________ 

Minimum cable size:________________________________________________ 

 

Circuit 3 

A single phase 20 A irrigation pump is located 30 m from a distribution board. 

Installation has: 

 Single phase consumers mains: Vd = 2 V 

 Submains Vd = 3 V 

 Final subcircuit is protected by a rewirable fuse and is TPS cable on a 
catenary wire. 

 

Maximum unit value of voltage drop (mV/A.m) permitted in the circuit: 

________________________________________________________________ 

________________________________________________________________ 

Minimum cable size:________________________________________________ 

 

Circuit 4 

A single phase 240 V 20 A appliance is wired in TP1 cable in steel conduit. 

Installation has: 

 Three phase consumers mains: Vd = 6 V 

 Three phase submains Vd = 4 V 

Appliance is located 30 m from the distribution board and is protected by a circuit 
breaker. 

Maximum unit value of voltage drop (mV/A.m) permitted in the circuit: 

________________________________________________________________ 

________________________________________________________________ 

Minimum cable size:________________________________________________ 
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Practical exercise 6: Select alternative cable size based on voltage 
drop  

Task 

Use AS 3000 to select an alternative cable size in one circuit of an installation to 
avoid excessive voltage drop. 

Instructions 

For each of the following circuits determine: 

 Maximum permissible voltage drop in the installation. 

 The voltage drop in each circuit in the series arrangement. 

 The total voltage drop in the installation. 

 The circuit you choose to increase the cable size. 

 Maximum permitted voltage drop in the chosen circuit. 

 Minimum cable size for the chosen circuit. 

Installation 

Consumer‘s mains are three phase 42 2mm bare copper aerials spaced 0.4 m 

apart. Length is 25 m and maximum demand is 200 A. Sub mains are three 

phase 16 2mm TPS cable in an underground duct. Length is 60 m and maximum 
demand is 75 A. 

Final sub circuit is single phase 2.5 2mm  TP1 cable in surface mounted conduit. 
Length is 18 m and maximum demand is 20A. 

1. Maximum permissible voltage drop in the installation:_________________ 

2. Voltage drop in each circuit:_____________________________________ 

3. Total voltage drop:____________________________________________ 

4. Circuit chosen to increase cable size:_____________________________ 

5. Maximum permitted voltage drop in the chosen circuit:________ 

6. Maximum unit value of voltage drop (mV/A.m) in the chosen circuit:_____ 

___________________________________________________________ 

7. Minimum cable size for the chosen circuit:_________________________ 
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3.3 Recall techniques to reduce electrical stress on cables 

For rules relating to specific installation requirements, consult AS 3000 Part 1 
SAA Wiring Rules. 

Method of removing cables from the cable drum 

The cable drums should be placed on a common shaft as shown. The drums are 
reversed in relation to one another on the shaft as. The drums are reversed in 
relation to one another on the shaft. This will result in the cable of one drum 
being removed over the top of the drum while the cable on the second drum is 
removed under the drum. As the drums will revolve in opposite directions, they 
will tend to slow down because the friction between them acts as a brake. This 
prevents excess cable being wound off the drums and reduces the possibility of 
kinks and twists in the cables. 

Many different types and varieties of cables are used in electrical installations. 
When a cable is selected for a given application, the appropriate Australian 
Standard (for example AS 3000) must be consulted to ensure that the cable 
chosen meets all the requirements of the different authorities concerned with the 
oversight and approval of electrical installation. The following combination of 
factors must be considered in making the correct selection of cable: 

 Application and types of duty; 

 Current conditions; 

 Voltage drop considerations; 

 Operating voltage; 

 Operating environment, e.g. ambient temperature (of surrounding areas), 
possibility of vibration and/or mechanical damage. 

Cable Stranding 

Conductors may be either solid drawn or stranded. In the above example, the 
conductor was specified 1/1.38 mm. This is a single strand of 1.38 mm diameter 
conductor. The equivalent cross sectional area of this conductor as shown in the 

appropriate tables would be 1.5
2mm  

If a more flexible conductor was required, a 7/0.50 (e.g. a 7 strand) conductor 
could be used. Such a conductor would have the same cross-sectional area but 
also seven strands of 0.5 mm diameter conductors twisted together to form a 
single conductor. 

The two differ mainly in cost and flexibility. The single stranded conductor is 
cheaper but less flexible than the stranded conductor. 
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Because of its flexibility, the stranded conductor is generally used in installations 
prone to vibration, while the single strand conductor has wide use in domestic 
installations where low cost is an important factor. 

Bending of Cables 

Excessive bending of cables during their installation will reduce their working life. 
The parts of a cable especially liable to damage through undue bending are 
conductors, paper or cambris tapes, metal or conductive tapes, core screens and 
insulation of high voltage cables. 

Tables in the appendix list the recommended bending radii for various cables. 

Temperature Ratings 

Cables have a temperature rating based on that of the insulation. Maximum 
operating temperatures are set out in the Appendix. However, some specific 
examples are: 

 R75 or V75 has a maximum working temperature of CA75  

These cables would be used in general wiring, i.e. normal domestic 
installations. 

 V105 has a maximum working temperature of CA105  

 R-S-150 has a maximum working temperature of CA150  

These cables would be used in high temperature applications such as 
fluorescent strip lighting. 

 Heat resisting fibrous insulation has operating temperatures ranging from 

CA110  to in excess of CA200 , depending on the type used. 

These cables would be used in high temperature incandescent lamp 
fittings. 

Polytetrafluorethylene (PTFE) cable has a working temperature of CA200  

 This type of cable would be used to connect the hot plates of an electric 
range to the appropriate control switch. 

Enclosure of Cables 

The maximum number of cables that may be enclosed in a conduit or pipe must 
comply with the requirements of the SAA Wiring Rules Part 1  

The procedure used to determine the size conduit for a particular job is as 
follows: 

 Determine the overall cross sectional area of each cable size to be 
installed in conduit (Table 3 of Appendix refers) 

 Calculate the total overall cross sectional area of all the cables to be 
installed in the conduit. 
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 Determine the required conduit size, having regard to the space factor 
based on the number of cables to be installed in the conduit. (Table 2) 

 Check that the proposed conduit enclosure will conform to the 
requirements of Tables 4 and 5, regarding the maximum number of cables 
to be enclosed. 

Types of Conductors  

The two main types of material used for conductors are aluminium and copper, 
each having specific advantages: 

Copper: 

 Has high conductivity per unit area; 

 Is easily mechanical joined or soldered; 

 Is expensive; 

 Is resistant to corrosion; 

 Is stronger than aluminium. 

Aluminium: 

 Has high conductivity per weight; 

 Must be joined with a joining paste, since aluminium oxide, an insulator, 
forms almost immediately after cleaning; 

 Is cheaper than copper, but its coefficient of expansion must be taken into 
account when joining; 

 Is not as resistant to corrosion; 

 Is weaker than copper; 

When used in installations such as aerials, aluminium cable is usually 
steel cored for added strength 

The cable lugs used on aluminium cables are longer and thicker, while aluminium 
cables require a larger bending radius than copper cables. 

The performance of cable insulating material will be drastically affected if the 
cable is exposed to: 

 Weather 

 Oil 

 Abrasion 

 Chemicals 
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Tables in the appendix detail the relative performance of various sheathing 
materials. A comparison of vulcanised rubber has: 

 Operating temperature; 

 Poorer weather resistance; 

 Poorer oil resistance; 

 Similar water resistance; 

 Poorer chemical resistance 

 Poorer solvent resistance; 

 Poorer abrasion resistance; 

 Similar flame and insulation resistance; 

 Similar electric strength. 
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3.4 Recall cable rating factors, method of cable joining 

Paper insulated, lead sheathed armoured cable, PVC served, typically has the 
following features: 

 Conductors – stranded copper or aluminium 

 Insulation – oil impregnated paper 

 Covering – lead sheathing 

 Armouring – steel wire 

 Serving – PVC (as protection against corrosion) 

This type of cable is mainly used for high voltage distribution systems. 

The three-core plus earth, PVC insulated, steel wire armoured, PVC sheathed 
cable is used where cables are prone to mechanical damage. The steel wire 
armouring acts as a buffer to prevent damage to the conductors. 

Table 14 in the Appendix provides further details. 

The substitution of aluminium conductors results in a less expensive alternative. 

Note that the conductors are shaped to allow maximum utilisation of space to 
counteract the larger aluminium cables required to match the conductivity of 
copper. 

Aluminium cables require special joining techniques which will be discussed 
later. 

Stripping the Cable 

The correct stripping of cables is of utmost importance as an incorrect stripping 
method will result in a knicking of the conductor. This will impair its mechanical 
strength and after relatively few bends of the conductor a break may occur. 

 Knife 

 Adjustable strippers 

 Automatic strippers 

 Pliers 

The Knife 

To use the knife: 

 Cut insulation away from your body. 

 Slice insulation at an angle of approximately A15 to the insulation to avoid 

cutting into the conductor. 

 Continue the process until all the required insulation is removed from the 
conductor. 
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Adjustable Strippers 

To use adjustable strippers: 

 Rotate the adjusting screw until the strippers close and the jaws grip the 
cable insulation. 

 Rotate a further half turn until the jaws begin to cut the insulation. 

Do not screw the adjusting screw too tight as this will damage the 
conductor. 

 Pull the strippers away from the cable; this will remove the insulation. 

Automatic Strippers 

Automatic strippers are available from most electrical wholesalers. This stripper 
operates automatically once the correct positions on the blade is selected and 
the handles compressed together. 

 Grip the insulation under one set of jaws. 

 Knick the insulation under the other set of jaws. 

 Remove the insulation by moving the second set of jaws away from the 
first by squeezing the handles. 

Automatic strippers are generally used by production times requiring many 
cables to be effectively stripped as quickly as possible. 

Pliers 

Many experienced electricians use their pliers to strip cables. However, this 
method is not recommended for inexperienced persons, as it carries a high risk 
of damaging the conductor. 

The pressure exerted by the plier jaws in gripping the insulation is critical; too 
much pressure will damage the conductor. 

Replacement of insulation 

Observe the following points in stripping: 

 Do not remove insulation further than is necessary to allow each 
conductor to enter and extend to the full length of the hole where it is to be 
clamped or joined. 

 Cut away insulating material damaged by soldering and replace it with 
insulation equipment to the original. 

Basic Terminating Methods 

Two widely used methods of termination are: 

 Soldering 

 Mechanical connection 
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Soldering 

Care must be taken when soldering to prevent the formation of a ‗dry joint‘ which 
results in a high resistance joint. 

To prevent a dry joint forming: 

 Heat the cable to solder-melting temperature and apply solder to the 
cable. 

The melting of the solder is produced by heat from the cable rather than 
direct heat from the flame or the soldering iron. 

 Do not move the soldered connection until the older has solidified. 

The automatic preset crimping tool crimps 0.5 to 6
2mm cables and has an 

automatic predetermined depth control. 

Cables from 10 to 120
2mm may be crimped using an adjustable crimper. The 

size of the crimp is set by rotating the adjusting screw and lining up the mark on 
the jaws with the scale on the crimper. 

Large cables generally require much force to be exerted during the crimping 
operation. For these, hydraulic crimpers are used. 

Aluminium Conductors  

The use of aluminium conductors is becoming increasingly popular because 
aluminium: 

 Is cheaper than copper; 

 Is about 31  the weight of copper; 

 Has a larger cross sectional area for the equivalent current rating than 
copper; 

 Has a better thermal capacity than copper 

The cost and weight factors are the main reasons for aluminium‘s growing use 
for aerials, busbars and large current carrying conductors. 

Joining Aluminium Conductors 

The major problem in joining aluminium conductors is the oxide which reforms 
on the surface as soon as it is removed. This oxide is an effective insulator. 

To overcome oxide formation, a contact aid is used in cleaning aluminium 
surfaces for joining This consists of a special grease which may contain abrasive 
particles to help in the removal of the oxide film. The grease prevents the oxide 
reforming. 

NOTE: 

Ordinary greases are not used as they may corrode aluminium. 
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3.5 Apply cable schedules for underground cable installation 
scheme 

Underground Cables 

Introduction. In towns and densely populated areas overhead lines are clearly 
impossible. In the very early days of distribution the principles of overhead lines 
were employed in underground work. One very successful system was devised 
by Crompton, who stretched bare conductors between glass insulators 
contained in underground ducts or culverts; one such system was in use in 1926 
after thirty years service. The method was successful for low voltage systems, 
except that explosions sometimes occurred due to pressure of gas produced by 
the metallic sodium which was formed by electrolysis, due to slow leakage at the 
insulators. The method is unsuitable for high voltages because of the flash over 
of the insulators. It was found advisable to insulate the conductor before it was 
laid, and the combination of conductor and its insulation is called a cable. 

Vulcanized rubber insulated cables were then used, and because of their failure 
vulcanized bitumen cables. The latter are still used for low voltage distributors 
and in mines. 

One of the earliest attempts to make a high voltage, paper insulated cable was 
due to Ferranti, ho wrapped oil impregnated paper round copper tubes and 
pushed the insulated conductor into lengths of wrought iron pipes which he filled 
with compound 

Types of Cable 

There are many types of cable used at the present time; the type for a particular 
service is determined by the mechanical properties required and the voltage of 
transmission, mainly the latter. 

Low Tension Cables (Below 1000 Volt) 

The insulating material may be impregnated paper, varnished cambric, 
vulcanized rubber, or vulcanized bitumen. 

P a p e r  is the most important insulating material, and is made of wood pulp, 
manila fibre or rag. The impregnating compound is thin or thick oil with or without 
resin. The resin is added to increase viscosity at working temperatures so that 
drainage should not be excessive, whilst it does not increase the viscosity 
greatly at the temperature of impregnation. The thickness of dielectric at 660 
volts is between 080  and 110 in. 

V a rnish ed  ca mb ric  is coated with petroleum jelly to provide lubrication between 
layers so that bending of the cable is possible without damage. An advantage is 
that there is no drainage from the ends of the cable. 

In vu lcan i ze d  b itu me n  cables the refined bitumen is melted and sulphur and 
vegetable oils are added. On cooling, the bitumen hardens and acts as the 
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waterproof envelope of the cable. No elaborate sealing is required. A major 
disadvantage is that the bitumen becomes soft under the action of alkaline 
solutions, and the conductor becomes decentralised. Vulcanized bitumen cables 
were once favoured for shaft and roadway cables because they are easily 
jointed, do not require elaborate sealing, and are light compared with lead 
covered, paper insulated cables. They are not now made because of the 
softening and decentralisation, and are being replaced by the paper cables, 
which are often cheaper and as suitable, and have a greater current carrying 
capacity 

L e ad  sh ea the d , rubber insulated cables have a vast field of use in house wiring, 
large building, and ships. 

Cables in mines are subjected to specially rough handling and they are 
constructed accordingly. Trailing cables must be flexible and must be capable of 
being dragged along without being damaged. Fig. 69 shows a 5 core trailing 
cable, with a tough rubber central cradle, insulated pilot, tough rubber sheath, 
and braided wire screen. One of the conductors acts as the earth conductor, and 
all the five cores are rubber insulated flexibles. The central cradle prevents a 
short circuit from occurring when a fall of coal or tone crushes he cable. The 
braided wire screen is of tinned copper and is embedded in the tough rubber 
sheathing; the screen is earthed but is not used as the earth conductor. The pilot 
wire serves for the remote control of coal cutter and other circuits. 

Shaft cables souls be drained and not contain free compound, otherwise the 
compound ill settle and force its way out at the lower terminatio. The installation 
of a shaft cable is best performed in the following way, in order that the cable 
may not suffer a large tension due to its weight. The cleats are first fixed. Then 
the cable is run fro a winch over pulleys into the shaft, where a short length is 
allowed to swing free. It is fastened to a winch rope with a spun yarn lashing and 
then lowered a short distance, say 30 ft. It is lashed again, and lowered a further 
distance. This is repeated until the cable reaches the bottom of the shaft. 
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Fig 70 Paper Insulated Power Cables 
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Laying 

There are three main methods of laying cables: d ire ct layin g , the  d raw  in  system, 
and the so lid  system. 

In direct laying a trench is dug, in which the cable is laid and covered with soil. 
The cable may be protected by planks, bricks, tiles, or concrete slabs. It used to 
be the practice to armour such cables, but nowadays they are often laid with a 
bare sheath or with a serving of bituminized paper and Hessian over the sheath. 
The former method is the only safe one in places where subsidence of the soil is 
likely to occur; then the cable should have steel wire armouring, so as to take a 
considerable tension. If the ground contains harmful chemicals, the serving must 
be adequate to protect the cable from corrosion and electrolysis. Bituminized 
paper is effective. It is clear that direct laying is cheap, but an extension of load 
is possible only by a completely new excavation which costs as much as the 
original work. In most cases, digging and trenching are done manually, but in 
laces free from obstruction machine methods can be used. 
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Fig. 78 shows a machine dredges a trench 18in.wide by 5 ft. deep, conveys the 
soil back along the top, and lays the cable. The trench is then filled and levelled. 

 

Fig. 79 shows a cable in a trench with concrete covers for protection. 

In the draw in system a line of conduits, ducts, or tubes is laid in a trench. The 
conduits or ducts are of glazed stoneware, cement, or concrete (Fig 80). The 
tubes are of stoneware, fibre, steel, or wrought iron. The ducts being laid, the 
cables are pulled into position from manholes or brick pits. It is unnecessary to 
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armour the cable, but a serving of Hessian tape of jute protects the cable when 
drawing in. 

In the solid system the cable is laid in troughing in an open trench. 
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The troughing is of stoneware, cast iron, asphalt, or treated wood. After the 
cable is placed in position, the troughing is filled with a bituminous or asphaltic 
compound and covered over. The cable can be laid with a bare sheath, and is 
immune from electrolysis as the sheath is electrically insulated from earth. Fig 81 
shows a trough containing cable and covered with asphalt. 

Jointing 

The most common way of jointing the conductors is to insert the ends into a 
ferrule, which is a slotted metal tube, and solder the whole solid. 

With oval cable the ferrule is made in two halves which can be turned with 
respect o one another, in order that the cables need not be twisted to make their 
major axes parallel. Packing adaptors are also being used. 

Fig .82 shows a join for a 66kV., single core, ―H‖ – type cable with oval 
conductor. The following is a brief description of the procedure. The led sheath is 
cut back 20 5/8 in. and the paper 2 7/8 in. The lead sleeve, lead flare and paper 
tube are passed back along the conductors. The ferrule is put on and the parts 
soldered together. The paper is pencilled bac1 ¼ in., and the metallized paper is 
cut back to within 1 ½ in. of the lead. The paper tube is slipped into position and 
fixed by four narrow wedges, which are jammed in by layers of oiled silk tape. 
The paper tube is kept in a canted position by a kalanite spreader, which is 
made of two halves as shown in the cross sectional diagram. This ensures that 
no air will be entrapped when the joint is filled with compound. Preshaped paper 
stress cones are lapped on, and oilproof (Kaleoilres) tape is wrapped over the 
end of the lead sheath to prevent oil from flowing from the joint into the cable. 
The lead flare is placed in position and ¼ in. diameter lead wire is wrapped on. 
The lead sleeve is put in position and plumbed at the ends and the middle. The 
bonding strands are fixed, and then the joint is filled with oil. It is seen that the 
upper part of the lead sleeve is shaped so that the sleeve cannot be filled 
completely with oil; the air dome is left to allow for the expansion of the oil. The 
black sectors show in the figure represent steel reinforcing bands. 

Fig. 83 shows a joint for a 66kV. Oil filled cable, single core. It is essential that 
no moisture or dust shall enter the jointing tent. 

Fig. 84 shows the recently designed styrene joint. The styrene is added as liquid 
and on being heated it polymerizes and sets into a very hard solid. The method 
is specially useful for 3 core cables, as the joint is mechanically rigid and 
displacement of the cores cannot occur. 

A recent type of joint, which is solid at working temperatures, employs a mixture 
of oil and finely powdered and cleaned sand in place of the styrene. A small lead 
flare is used between the plumbed joint and the lead cylinder containing the 
compound. 
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Insulation Resistance 

Consider a single core cable of conductor radius and internal sheath radius 

D2/1 . The resistance of a thin shell between radii x  and dxx , and axial 

length 1cm. is 

,2/ xpdxdR   

Where p is the resistivity or specific resistance of the dielectric, for the area of 

cross section is 2 212 cmx and the thickness is dx . 

The total resistance is thus 

 2
log
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pdx
R

D

  

The insulation resistance of a length l is 

    2/log2/ DhlpRl   

The value of p for impregnate paper is about 14105 ohms, and decreases 

exponentially with temperature, so that 

 :atppt  is about 050  

Example. Find the insulation resistance per mile of a cable of conductor 

diameter 40in. and internal sheath diameter 70in. 
14106p  

The resistance of 1 mile is 

    ohms
Dp

 2
log

5421252802

3032




 

     ohmsDp 2/log10282 6  

     4/7log10610282 146    

      32110213 8 ohms  
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Example. Deduce a formula for the insulation resistance to earth of the positive 

and negative mains of a 2 wire system in terms of V , 1V , 2V and , where V  is 

the voltage between the mains, and 1V  and 2V  are the respective readings on a 

voltmeter having a resistance  when connected between the positive main and 

earth and between the negative main and earth. 

Find the insulation resistance of each main to earth when 250V , 1501 V and 

302 V V., the voltmeter resistance being 10 000 (Lond. Univ., 1932) 

Let the mains have earth resistances 1R and 2R . It is clear that the resistance 

between the mains 3R , does not affect the readings. 
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When the voltmeter is across the positive main and earth, the system is as 
shown in Fig. 85. The following currents then flow to and from the earth: (1) 

/1V downwards, (ii) 11 / RV  downwards, and (iii) 21 / RVV  upwards. 

Therefore 

        21111 /// RVVRVV   

Giving   2211 /)/1/1/1( RVRRV   

Similarly in the other case 

    1212 /)/1/1/1( RVRRV   

Therefore, by division, 

    2121 // RRVV  , 

So that   )/1/1/1(/ 2112 RRRVV    

    = 211 /1/ RRR   

    211 /1/ VVR   , 

Giving   
2

21

2

1

2

1 1
V

VVV
r

V

V

V

V
R












  

Similarly   
1

21

2
V

VVV
rR


  

In this case  






 
 23300

30

30150250
100001R  

And  






 
 4660

150

30150250
100002R  

Stress and Capacitance of Single-Core Cable 

Suppose that the cable of Fig. 86 has a dielectric constant , no losses, and a 

charge q  per cm. of axial length. Applying Gauss‘s theorem to a circular cylinder 

of radius x , we get 

    qxeS  42   

Or 

    xqS /2 , 

Where S is the electric stress at distance x from the axis. If E  is the potential 

difference between the conductor and sheath 

    
r

D
h

q
Sdx

r 2
log

2
2

1

  , 
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So that the capacitance per cm. length is 

    
)2/(log2 rDhE

q
C


 electrostatic units (cm.) 

    
dD /log2


  cm. per cm. length 

Where d = the conductor diameter 

Remembering that 

    1cm. F9/10  

We find that 

    F
dD

C 


)/(log

03880
  per mile length 

Substituting for q  in terms of E  we see that the stress is 

    
)/(log dDhx

E
S   

The stress is a maximum at the conductor where it is 

    
)/(log

2

)/(log
max

dDhd

E

dDhr

E
S   

For a given voltage E  and internal sheath diameter D , the stress maxS has a 

minimum value for variation of d  when the differential coefficient of maxS  with 

respect to d  is zero. This occurs when 

    1)/(log dDh  or dD 7182  

In low voltage cables the insulation is thin and d  is greater than 7182/ D . In 

high voltage cables d  may be less, and then it is advantageous to increase the 

diameter of the conductor to this value. There are two ways of doing this without 
using excessive copper; by making the conductor hollow or by building it up with 
a lead sheath. The latter method has the advantage of eliminating at the same 
time the increase of stress due to stranding which may be as high as 25 per 
cent. If d  varies from 2/D  to 4/D , the maximum stress varies by only 6 per 

cent, so that no great care need be taken to fix the ratio dD /  provided it is not 

too great. 

The stress at the lead sheath is 

    
)/(log

2

dDhD

E
 

So that the stress varies from a maximum at the conductor to a minimum (of 
Dd /  times the maximum) at the sheath. In some high voltage cables the 



Section 3 – Underground Cables 

201 of 261 

dielectric is graded for strength by having a dense paper at the conductor and a 
less dense elsewhere. This does not appreciably alter the stress and voltage 
distribution unless the dielectric constants of the paper differ, but by using a 
paper of high electric strength near the conductor the total thickness of insulation 
can be reduced. 

There are two main methods by which a more uniform distribution of stress may 
be achieved, by the introduction of intersheaths and by the use of layers of 
insulating material with different dielectric constants. 

Effect of Intersheaths on Stress 

Suppose that intersheaths of diameters 1d  and 2d  are inserted into the dielectric 

and maintained at potentials 1E  and 2E . The stress between any two metallic 

cylinders varies inversely as the distance from the axis; this is found by applying 
Gauss‘s theorem. Thus between the conductor and the first intersheath the 
stress at a point distant x  from the conductor is 

   xAS /11  , 

   For 
  

  
d

dDhd

dDhd

E

d

S








 /log

/log

2
2

max  

   
   


















22 /
log

/log

2

d

D

dD

d

d

D
h

dDhd

E
 

   
   








 1log

/log

2
2 d

D
h

dDhd

E
 

Where 1A  is a constant which is found by integrating 1S  from the conductor to 

the intersheath as follows 

    
1

2

1

2

1

1

111 log
d

d d

d
hAdxSEE  

So that   
d

d
hEEA 1

11 log/  

And   

d

d
hx

EE
S

1

1

1

log


  

The maximum stress is 

   

d

d
hd

EE
S

1

1

max1

log
2

1


  

Similarly the maximum stress between the first and second intersheaths is 
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 121

21

max2

/log
2

1
ddhd

EE
S


  

Whilst the maximum stress between the second intersheath and the sheath is 

   

 22

2

max3

/log
2

1
dDhd

E
S   

By choice of 1E  and 2E  the maximum stresses can be made equal, and the 

stress distribution is like that shown by curve A  of Fig. 87 instead of curve B 
which represents the stress without intersheaths.  

It is possible to choose 1d  and 2d  so that the stress varies between the same 

maximum and minimum in the three layers, by taking 

    2121 /// dDdddd  

Equating the maximum stresses we get 

   
22

/1/11 


E
E , 

 
21

/1/11

/11










E
E . 

The maximum stress is then 

     dDhd

E

hd

E

hd

EE

/log
2

1
1

3

1
log

2

1
1log

2

1 22

1

 








, 

Since    hhdDh log3log/log 3  . 

Without the use of intersheaths the maximum stress is 

   

 dDhd

E

/log
2

1
, 

So that the maximum stress has been reduced in the ratio 

    21
3

1
:1   

Example. A single core 66kV. Cable has a conductor diameter of 2cm, and a 
sheath of inside diameter 35cm. Find the maximum stress. If two intersheaths 

are used, find the best positions, the maximum stress, and the voltages on the 
intersheaths. 

Here 32/35/ dD , so that 3841  

Thus 7721 d cm. and 8432 d cm. are the diameters of the intersheaths. The 

peak voltage on the conductor is 8533266  kV., so that 
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kVE 9.23

9101

1

3841

1
1

853
2 








  

And 

kVE 141923
3841

1
11 










  

It should be remembered that in practice the system will be three phase at this 

voltage, and the r.m.s. neutral to voltage is  3/1 times these values. The 

maximum stress without the intersheaths is  

kV
h

3.55
652log1

853





per cm., 

And the maximum stress is kV820  per cm. With the intersheaths the maximum 

stress is 

 
kV738

431

355

91138411

355

3
1










per cm., 

While the minimum stress is 27.9kV. per cm. Fig 87 shows the stress distribution 
in both cases. The maximum stress has been reduced by the ratio 1:1.43. 

Example. Suppose that in the previous example the intersheaths are spaced at 
equal distances from each other, the conductor and the sheath. Find their 
voltages for the same maximum stresses in the layers, and find the maximum 
stress. 

  .,11.2.,35
3
1 cmdDcmdcmD  so that 131 d  and 242 d . 

 1

1

max1 282
551log

EE
h

EE
S 




 , 

 
 21

2

max2 122
13/24log551

EE
h

EE
S 




 , 

  2

2

max3 062
24/35log12

E
h

E
S 


 . 

Equating these we get 2451 E kV. and 0232 E kV. The maximum stress is 

547kV. per cm. It is seen that the positions and voltages of the intersheaths 

are not very critical. 

The use of intersheaths has not been general practice because of the 
complications involved. The sheaths must be supplied with the requisite 
potentials and must carry quite large charging currents. Jointing is made very 
difficult. Furthermore when there is a breakdown at one place, the stresses 
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between the intersheaths containing healthy dielectric rise and breakdowns take 
place at other the cable, which is probably the greatest drawback. 

Capacitance Grading 

Suppose that the dielectric consists of two layers with a dividing diameter 1d , the 

dielectric constants being 1and 2 , as shown in Fig. 88. By Gauss‘s theorem 

the stress in the inner layer is 

11 /2qS   

Whilst in the outer layer it is 

22 /2qS   

Then 

 
12

1

2

1

2

1

12

1 21

d

d

D

d
dxSdxSE  













12

1

1

log
1

log
1

2
d

D
h

d

d
hq


, 

so that 

1

22 loglog

1

2

1

1 d

D
hh

E

q
C

d

d




 . 

The maximum value of 1S is 

 
12

11 loglog

24

1

max1

d
D

d

d
hhd

E

d

q
S



 
 , 

and 

 
1

1

1

2 loglog

24

112

max2

d
D

d
hhd

E

d

q
S

d







. 

Example. Suppose that the cable of the last two examples has an inner layer 1 
cm. thick of rubber dielectric constant 4.5 and the rest impregnated paper of 
constant 3.6. Find the maximum stress in the rubber and in the paper. 

2d , 41 d , 35D , 541  , 632  . 

 
63

3251log2512log2

662
max1 






hh
S kV. Per cm., 

and 
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539

3251log2log804

662
max2 






hh
S  kV. Per cm., 

Both to be multiplied by  3/2 of course. 

Thus the maximum stress has been reduced from 67.8 to 63. The reduction is 
hardly worth while, and in practice the only grading used is for strength, i.e. a 
better quality paper is put near the conductor than near the sheath. This method 
of grading is quite practicable. 

Power Factor of Single-core Cable 

Suppose that the dielectric has a resistivity p  which is independent of the stress 

and may be considered as constant throughout the cable. Then upon the 
application of an alternating voltage E  of frequency  2/  there will be an in 

phase current of RE /  per cm. length, where R  is given by equation (39). 

The value of p  from which G  is to be calculated is generally very much less 

than that measured by direct current, and depends upon the frequency of the 
voltage. This is due to the fact that the losses with alternating currents are 
caused mainly by absorption phenomena. 

 

Also a charging current CE , where C  is given by equation (40), which leads 

the voltage by a right angle. Fig. 89 shows the vector diagram for this case. The 
total current I is the vector sum of RE /  and CE , and leads the voltage by an 

angle  

where 

  CRCERE  /1/cot  . 

It is usual to denote the reciprocal of R by G, which is the conductance of the 
cable per cm. length, so that 

CG  /cot   



Section 3 – Underground Cables 

206 of 261 

 

The power factor of the cable is given by  

cos
//

..
2


I

RE

EI

RE

EI

Watts
FP  

 

In well made cables  is so near to A90 that cos  and cot  are small and very 

nearly equal to each other and to , where  is   2/ and is in radians. 

We may thus put 

CGFP  /..   

The dielectric loss is 

 222 / CEGERE   

The power factor of impregnated paper varies with the electrical stress and the 
temperature. Fig. 90 shows how the power factor rises with the stress. At a 
stress of 60kV per cm. the power factor begins to rise, and above this stress it is 
said that the dielectric is ion isin g . The term is unfortunate, as it implies that the 
gaseous voids are producing ions by collision and this may not be the case; for 
although ionization by collision will cause a rise of power factor, it is not true that 
a rise of power factor is necessarily caused by this phenomenon. 
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The variation of power factor with temperature depends upon the paper and oil, 
and also upon the completeness of drying. It was once usual for the power factor 

temperature curve to have a minimum of about A40 C., as shown in Fig. 91, 
curve A; this is with the V-curve. With better drying and impregnation, the power 
factor temperature curve is nowadays more like that of curve B, which is flat up 

to A50 C. or higher. Fig.92 shows power factor temperature curves for various 
stresses on high grade impregnated paper insulation. The effect of resin is to 
make the power factor rise steeply at high temperatures, and the tendency in 
high voltage cables is to omit the resin. 

The existence of the V-curve can be explained by the presence of moisture or 
inhomogeneities in the dielectric.  
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Thus if a dielectric has a conducting path represented by R in Fig. 93 (a), a 
capacitance path C, and a mixed path R‘C‘, it can be shown that it is 

represented by the arrangement of Fig. 93 (b), where 1R and 2R are of the same 

character as R and R‘ 1C  and 2C  are like C and C‘, i.e. they have the same 

temperature variations. The second arrangement is the well known Maxwell 
model for dielectric absorption and will exhibit the V-curve. 

 

Capacitance of Three-core, Belted-type Cable 

The three-core S.L. and H types are equivalent, as far as capacitance and stress 
are concerned, to three separate single core cables. In the belted type cable 

conductors have capacitance cC to each other and sC  to the sheath, so that the 

system of capacitances and can be replaced by a Y of capacitances 1C  as 

shown in Fig. 95 For this is to be so, the capacitances between any two 

conductors in these arrangements must be the same, so that 12
1

2
1 CCC cc  , or 

cCC 31  . The centre point of the Y is the neutral, and as the sheath is at zero 

potential, we can consider that these capacitances act to the sheath, so that the 
neutral capacitance of each conductor is 

CC CCC 31   

It is very difficult to calculate the capacitance to neutral from the geometry of the 
table. The following empirical formula gives the capacitance with sufficient 
accuracy for design work. 

F
tt

d

t
CC 
































2

2

5207018431log

0480
. Per mile 

Where d = conductor diameter, 

  = thickness of conductor insulation, 

And  t = thickness of belt insulation. 
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The capacitances CC  and SC  are found best by measurement, and the neutral 

capacitance calculated in the following way.  

 

Let conductors 2 and 3 be connected to the sheath and the capacitance be 
measured between conductor 1 and the rest. The value is 

CSC CCC 2  

Next let all the conductors be commoned and the capacitance, bC , be measured 

between them and the sheath. 

     23CCb   

Then     bCC
3
1

2   

And     bac CCC
6
1

2
1   

The capacitance to neutral is thus 

     babc CCCC
2
1

2

3

3
1   

     ba CC
6
1

2

3   

If bC  is not known it may be taken as aC81 , so that  

     aaaa CCCC 213051   

Example. The capacitance of a length of three phase cable is measured and is 
the capacitance between two cores (the third being connected to the lead 
sheath) is found to be F3 . Find the charging current per core if the cable is 

connected to an 11kV., 50 eye., three phase alternator. Prove each step. 

The capacitances are shown in Fig.96, so that the measured capacitance is 

   SCScC CCCCC  3
2
1

2
1 , 

Which is half the capacitance to neutral. The neutral capacitance is therefore 
F6 . And the charging current  per core is 

      311000106502 6

0   EC  

     A9711  
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Stress in a Three Core Cable 

Even when the dielectric is homogeneous the problem cannot be solved with 
accuracy, and as the dielectric is never homogeneous, because of the fillers, 
there is no point in quoting or working from formulae. There is a rotating electric 
field in the 3 core cable, and the maximum stress occurs at the point nearest the 
centre on the conductor at maximum voltage. 

It is, however, almost certain that this stress is not the determining factor in the 
life of the cable, for it is normal to the paper and is easily borne than the lower 
stresses which occur in and near the fillers and are tangential to the papers. It 
was found in the 3 core 33 kV. Cables that deterioration began in the fillers and 
wormings, and not at the point of the maximum stress on the conductors; the H-
type cable was designed to avoid these tangential stresses and solved at once 
the problem of the 3 core 33 kV. cable. 

Inductance of Cables 

The methods of calculating the inductance of overhead lines may be applied to 
underground cables, but the results will be in error because of the skin and 
proximity effects and the effect of the sheath. In low voltage cables the 
conductor spacings are small compared with the conductor diameters, so that 
the effects will not be negligible. It is then best to measure the inductances, if 
they are required, as calculation will be very laborious and inaccurate. 

In high voltage cables the skin and proximity effects are negligible because of 
the increased thickness of insulation. In such cables the separate cores are 
often sheathed, or surrounded by metallized (H) paper which is connected to 
sheath. The sheaths have mutuals inductance to the conductors and influence 
considerably the resistance and inductance of the cores to neutral; the effects of 
the sheath will now be considered.  

Sheath Effects 

The currents induced in the sheaths are two kinds: she a th  e dd ies , whose paths 
lie in the sheath of a single cable and which flow even when the sheaths are 
isolated from each other, and she a th  circuit e d d ies , whose paths lie in the 
sheaths of separate cables and flow only when the sheaths are bonded.  

Fig. 97 shows the formation of sheath eddies in the case of two single core 
cables with separate and insulated lead sheaths. The conductor currents I  
produce a flux downwards through the sheath section ABCD. When I  and the 
flux increase there is a sheath eddy round ABCD from A to B to C to D to A. The 
sheath eddy at A‘ is outwards to B‘, along the outside of the sheath into the 
paper and back again inside the sheath to A‘. The loss due to sheath eddies is a 
maximum when the cores are as close as possible to one another, but in 
practical cases it is never more than a few per cent of the copper losses and can 
be neglected. A much more important effect is the voltage induced in the 
sheaths by the currents I . 
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Suppose that the sheaths are replaced by thin cylinders of radius D
2
1  and we 

consider a circuit ABCD shown in Fig.98 The flux through ABCD is seen to be  

 

 DDh
2
1log410  per cm. length, 

where d  is conductor spacing. The induced e.m.f. is thus 

     9

2
1 10/log4 DdhI volts per cm. length 

This is e.m.f. along both sheaths and we may consider that each sheath has an 
induced e.m.f. of half this, viz. 

     9

2
1

2 10log2  DdhIE  volts per cm. length. 

   MIIX m  ,      49 

Where M is the mutual inductance between the core and sheath and is 

    Ddh
2
1log2  e.m. units per cm. 

Or    DdM
2
1log7410 mH. Per mile.   50 

By equation (18a) in chapter IV. It is clear from the work in chapter IV and the 
equation (24) given there that formulae (49) and (50) just given hold for a three 
phase symmetrical system with spacing d. 
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Example. Find the induced sheath voltage per mile of a symmetrical three phase 
system with conductor spacing 15 cm and sheath diameters 5.5 cm. The current 
is 250 A. 

     5450752/15log7410 M  mH. Per mile. 

   3

2 105450502250  E  

   842 V. per mile. 

If the sheaths are bonded at one end, the voltage between them at the other is 

   3748423   V.per mile 

Currents in Bonded Sheaths 

It is seen from the preceding example that large voltages are induced in the 
sheaths if they are open circuited, and it is very probable that arcing will occur 
between them. It is therefore standard practice to bond the sheaths at both ends 
so as to avoid the high voltages. The impedance of the sheath current path is 

due to the sheath resistance sR  and the sheath self inductance, which is equal 

to M. Thus if the sheaths are bonded the sheath current is 

   
   2222

ms

m

ms

sh

sh
XR

X
I

XR

E
I





    51 

The magnitude of the sheath current is independent of the distance between the 

bonds, for mX  and sR  are both proportional to the length. The sheath losses per 

phase are  

    22222
/ mssmshs XRRXIIR      52 

So that the effective resistance per phase is the conductor resistance plus 

    222
/ mssm XRRX        53 

The ratio of sheath losses to copper losses is 

   
 22

2

2

22

22

ms

m

ms

sm

XRR

RX
RI

XR

RXI





 

Where R  is the resistance of the conductor. With large conductors and close 
spacing this ration is approximately equal to  

   
2

222
// RRXRRRX mssm  , 

As 
2

sR  is large compared with 
2

mX . If conductor is made larger, R  and 2R  

diminish whilst mX  remains fairly constant, so that the ratio increases rapidly. 

Thus for 66kV. cables at a spacing of 6 in., the sheath losses exceed the 

conductor losses for conductor sections above 285.0 in   
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The effect of the sheath on the inductance of the cable may be found in the 
following way. The conductor has resistance R  and self inductance L , where  

 rdhL /log2  

from the work in Chapter IV. This inductance is coupled to the sheath circuit by a 
mutual inductance M , where  

 DdhM
2
1/log2 . 

The sheath circuit itself has a resistance 2R and self inductance M , so that the 

cable impedance is represented by the network of Fig.99. By the well known 
theorem of the equivalent network of the equivalent network of the transformer 
(see page 471) the arrangement can be replaced by that shown in Fig.100. 

   DdhrdhML
2
1/log/log2   

  cLrDh  /log2
2
1  

Which is the leakage inductance of the core to the sheath. The total impedance 
of the conductor is thus 
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The resistance is thus 

    222
/ XRXRR sms   

Which we have already found in equation (53), whilst the inductance is 

     )//
222222

mssmssc XRMRMLXRMRL   
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    222
/ msm XRMXL   

The decrease in inductance due to the sheath is thus 

    222
/ msm XRMX   

The resistivity of lead is 610223  .ohms per cm. cube at CA30 . 

Given the thickness of the sheath and its diameter, sR  can be calculated and 

thence the resistance and inductance of the cable.  

In order to avoid large sheath currents, which lower the current-carrying capacity 
of cables, sheaths are sometimes cross-bonded. 

 

The sheath conductor 1 is connected to that of conductor 2 and then to that of 
conductor 3 at equidistant points, and the induced sheath voltage is 

  0321221  wMIIIwMIwMIwMI . 

(See Fig. 82.) 

There will be no sheath current and yet the sheath voltage will never be greater 
than IwM  at any point. A combination of cross-bonding except at every third 

joint, which is solidly bonded and of simple reactances reduces sheath losses 
and voltages and also prevents the generation of third harmonic currents. 

Example. Find the resistance, inductance and capacitance per mile of a 3 core 
belted type cable, in which the conductors are circular 0930/37  , conductor 

insulation is 170 in., and the dielectric constant is 3.6. 

From tables it is found that the resistance is 0993330  per 1000 yd. at .60 FA  

The resistance per mile at .55 CA , which is taken as a normal working 

temperature, being .40 CA  above the average temperature of .40 CA above the 

average temperature of .15 CA , is 

 539004017601099330 R  

   2020 ., 

Stranding having been allowed for in the tables. 

The formula for overhead lines is used in this case for inductance, and no great 
accuracy can be claimed. 

    rdL /log74100850  mH. Per mile. 

Here 3250r in. and   05120032502 d in., so that  
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     46203250/051log74100850 L mH. Per mile. 

The capacitance is given by equation (46) 

   
 2

2

5207018431log

0480
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t
T
t

d
tT
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uF . Per mile 

Where d  here is the conductor diameter, not the spacing. 

   

 

















2850520850701843
650

370
1log

6.30480 
C  

   uF4200
572log

630480





 . per mile 

Example. Find the resistance, inductance and capacitance of a three phase 
symmetrical arrangement of 66kV. single core cables , 61/0.103 (nominal 

2.50 in ), insulation thickness 0.65in., sheath thickness 0.15in., serving thickness 

0.15in., serving thickness 0.15in., dielectric constant 3.6; the cables are laid 
touching one another and the sheaths are bonded. 

From the tables the resistance is 049130 . Per 1000 yd at A60 F., so that at 
A55 C, the resistance per mile per phase is  

    53900401760.1049130 R  

   10050  

   uF
dD

C
)/log(

03880 
 per mile. 

Here   9270103010309 d in., 

And   227265029270 D . 

   uFC 3780
402log

630388.0





 per mile. 

We will assume a sheath temperature of A30 C. 

   
  222

6

54211312631

54212528010223



 


SR  

   5160  per mile 

The spacing is 827215042272  in., so that  

    1151/8272.log7410 M  

   2970 mH. per mile 
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     09310102970502 3mX  per mile 

The effective resistance per mile is therefore 

   
22

2

093105160

093105160
10050




  

   117200167010050  ohms 

The sheath loss is 6161005001670  per cent of the conductor loss. 

 

The inductance is 

 

      222222
// mSmmSSC XRMXLXRMRL   

          ML 0310  

   5830/8272log7410 L mH. per mile 

Actually the inductance is slightly lower by 00920 mH. due to the sheath 

bonding, so that I is 5740 mH. per mile.  

Breakdown Voltage and Mechanism of Breakdown 

The voltage required to break down a certain insulation depends upon many 
factors such as time of application, shape of electrodes, temperature, pressure, 
the presence of moisture or gaseous spaces. The dependence of voltage on 
time is very important, and tests are made to determine the curve relating the 
voltage required to break down a certain insulation depends upon many factors 
such as time of application, shape of electrodes, temperature, pressure, the 
presence of moisture or gaseous spaces. The dependence of the voltage on 
time is very important and tests are made to determine the curve relating the 
voltage and time of application; such a curve is called a V.T.B. curve, i.e. 
voltage-tie-breakdown curve A , shows the V.T.B. curve of 1mm. thickness of 
very well impregnated paper. The short time breakdown voltage is about 45 kV. 
(stress 45 kV. per m.), but the breakdown voltage reach a steady value of 32kV. 
in about 5 hours. If a voltage of 31.5kV. is applied the insulation never break 
down. It is of the greatest advantage if asymptotic value (.e. final value) is 
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reached in a short time, for then decisive tests may be short; presumably also 
the cable is stable and likely to give long service. Curve B  shows the V.T.B. 
curve of the badly impregnated paper which contains air spaces. The short time 
breakdown voltage is not much less than for the good dielectric, but the 
asymptotic value is much lower and is not reached even in 100 hours. With slow 
deterioration of this kind it is difficult to say what voltage the dielectric can 
maintain indefinitely. 

Moisture has the same effect as gaseous voids on V.T.B. curve. A carefully 
impregnated cable will initially contain no voids and so it will have V.T.B. curve 
like a curve A. When however, this cable is subjected to fluctuating loads, the 
heating causes the oil to expand and sheath is stretched; when the cable cools, 
the sheath does not recover and small voids are formed by cavitation. After a 
number of fluctuations the voids may be such that the V.T.B. curve is like curve 
B , and eventual failure will occur if the applied voltage is greater than the new 
asymptotic value. In order to ascertain whether the cable V.T.B. curve is stable, 
the cable is subjected to the working voltage or a higher voltage whilst the cable 
is alternately heated and allowed to cool. Such a test is called a sta b ility te st  and 
is applied to all types of high voltage cables. 

The formation of voids is accompanied by ionization by collision and a rise of the 
power factor of the cable. 

The voids are eliminated in the oil filled and pressure cables, whilst the gas 
cable prevents ionization by the application of hydrostatic pressure. All these 
cables have good V.T.B. curves. 

There are two ways in which breakdown of cables usually occurs. 

One way is by a progressive coring and tracking, which always starts from the 
conductor or sheath, and ultimately bridges the electrodes. Another way is by 
thermal instability; this occurs when the power factor increases so rapidly with 
rise of temperature, that a small rise of temperature increases the dielectric 
losses by a greater amount than can be conducted away. This method will be 
considered later in detail. A marked difference between the methods of 
breakdown is that coring, once it commences, will continue until the cable breaks 
down, although the time may be considerable for the complete action. In thermal 
instability, however, no damage is done until just before breakdown, so that if the 
load is released before breakdown the cable will not have suffered any 
permanent change. A very common occurrence is for coring to start and then 
introduce thermal instability at the centre of coring. 

Thermal Characteristics of Cables 

Maximum current capacity. There are several reasons why cables should not be 
run too hot; differential expansion may create voids with resulting ionization; the 
expansion of the oil may burst the sheath; the oil may lose its viscosity and drain 
away from higher levels; thermal instability may arise due to the rapid increase 
of dielectric losses with temperature. The last phenomenon is not likely to occur 
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in cables up to 33 kV., but it is being reached in cables above kV. The 
calculation is difficult and will not be given. 

In order not to incur the other harmful effects, a maximum conductor 

temperature of A65 C has been adopted for cables impregnated with viscous oils 
in this country. The maximum current that a cable can carry with a conductor 

temperature of A65 C is found in the following way. 

Assume that the dielectric and sheath losses are negligible compared with the 

conductor losses, which are given by 2nRI , where  R  is the conductor resistance 

at A65 C., and n  the number of phases. Let S  be the thermal resistance of the 
cable, i.e. between the combined conductors and sheath, and G  the thermal 
resistance from sheath to earth surface. The heat has to pass through the two 
thermal paths in series, so that the temperature difference between the 
conductors and ground is 

     0652 GSnRI       (56) 

Where 0  is the ambient ground temperature. We may take 0  = 18 , so that 

     432 GSnRI  

Giving    GSnRI  /43      (57) 

If the dielectric and sheath losses are not negligible, we can replace equation 
(56) by 

       GIRGSWGSnRI a

22065  , 

Where W is the dielectric losses and is conservatively taken as occurring all at 

the conductor, and aR  is an equivalent resistance due to sheath losses. Then 

the current capacity is  

    
  

GRGSnR

GSW

a
I






065       (58) 

Thermal Resistance 

The unit is the thermal ohm and is that thermal resistance which requires a 

temperature difference of A1 C, to produce a heat flow of one watt (i.e. one joule 
per second). If the thermal resistivity of a cable dielectric is K , the thermal 
resistance of a single core cable is 

   dDhKS /log2/1   thermal ohms per cm. length of cable  (59) 

K is taken as 750 for cables up to and including 2200 volts, and 550 for cables 
above 2200 volts. 

The thermal resistance of a 3 core belted type cable is given by the empirical 
formula.  

        
T

t

d

tT

T

t

n
K hS 11220

61 1541log850     (60) 
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The thermal resistance of the ground is 

      2

1 /2log2/ RhhgG       (61) 

Where 1g  is the resistivity, h  the depth of cable below ground and 2R the overall 

radius of the cable. It is found that the thermal resistivity g  as measured in the 

laboratory is too great for use in the above formula by about 50 per cent, so that 

gg
3
21   and the thermal resistance is given by 

         223
2 /2log3//2log2/ RhhgRhhgG     (62 

In practice g  varies from 120 to 800 or 1000 depending on the soil and its 

moistness. 

Example. Find the maximum current that a 3 core, 11kV. 2.250 in cable can  

carry; int 060  inT 150 ., 550K , buried 3 ft. deep, 180g , ambient 

temperature A15 C. 

       
150

0660

650

420

150

0120

6

550
1 1541log850











  hS


 

   233 thermal ohms per cm. 

The lead sheath has a very small thermal resistance, but there is a serving of 
thickness 310 in. of 300K . This has a thermal resistance of  

      11221/541log2/3002  hS   thermal ohms, 

As the external radius of lead sheath is 221 in., and that of the serving of is 

541 in. The ground resistance is 

   473
541

362
log

3

180





 hG


 thermal ohms. 

   611721  GSSGS  

From tables, allowing for coring and stranding and temperature rise, 

 610331R . Per cm. 

   
6117103313

1565
6 


I  

   = .326 A  

 

3.6 Describe techniques used to install cable and associate equipments 
 

Ducts 

 
To expand future installation 
 
Iron / reinforced concrete/ steel pipe/ wood / fibre/ plastic 
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Fig 6.4 
 
 

Duct type Cost of 
construction 

Ability to radiate 
heat 

Cost of support 
 

 

 
 
 
 

Expensive Best Best 

 

 
 
 
 

Moderate Very good Very good 

 
 
 
 
 

Moderate Very good Good 

 
 

 

Cheapest Very poor Very poor 

 

Service boxes 

 
Secondary mains are installed in ducts buried at shallower depths than those 
carrying primary conductor. Precast reinforce concrete is used. 
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Cable manhole 

 
 Rectangular for straight  line conduit construction. 
 Square for accommodating from 4 directions. 
 

Fig 6.5 

 

Transformer Manholes 

 
Transformer manholes are designed to contain transformers and other 
equipments for radial or network system. 
 
 
 
 

 
 
Design loading on manhole 
 
                                        Wheel load ( 1 +  % Impact / 100) 
Concentrated load = ---------------------------------------------------------------- 
                                                         Wheel Area 
 

Problem 

 
Wheel load 9576 Kg , imposed 50% for heavily travelled street under which truck 
traffic may be concrete. Wheel area is  15.5 cm x 30.5 cm 
 
Calculate concentrate load on manhole cover. 
 
 
 
                                        Wheel load ( 1 +  % Impact / 100) 
Concentrated load = ---------------------------------------------------------------- 
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                                                         Wheel Area 
 
 
                                        9576 ( 1 +  50 / 100) 
Concentrated load = ---------------------------------------------------------------- 
                                           15.5 x 30.5 x 10-4 

 

                                                                 14364 x 10 4 

                              = ---------------------------------------------------------------- 
                                           472.75 
 
                              = 303839 Kg / m2 

 

Roofs 

 
Manhole roofs are designed as a series of structural steel beams or rail or 
reinforced concrete with extra reinforcement or structural steel to support 
manhole frames 
 

Wall 

 
Manhole wall designs are based on the horizontal component of the effect of 
both line and dead loads acting on the walls. 
 

Floors 

 
In the design of manhole, floors , the load bearing power of the soil and the 
height of the water tube play an important part. The soil most support the weight 
of the manhole structure its contents and any imposed surface level loads. 
 

Frame / covers 

 
 Made of cast iron/ malleable iron/ steel 
 Are designed to withstand the loadings of traffic 
 May be made of reinforce concrete 
 

Ventilation 

 
 Principal heat source is power loss in windings 
 Tube ventilation  is natural ventilation 
 Large conductors are put in separate ducts 
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 XLPLE/ Lead/ Plastic insulation are used. 
 
Cross section of joint                           

 
 
Underground Equipments 
 
Transformers, oil filled cutouts and oil switches for use underground are 
hermetically sealed so as to be water proofed 
 
Such submersible equipment is usually of welded construction. Wiping sleeves 
are welded or brazed directly to the tank or terminal chamber to which cable 
sheaths are attached. 
 
Barriers in the conductors prevent the equipment oil from being siphoned into the 
cables.      
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3.7 Recall cable testing techniques and methods used to find the location 
of cable fault 

What method or combination of methods is best for locating underground cable 
faults? 

Finding the location of an underground cable fault doesn't have to be like finding 
a needle in a haystack. There are many locating methods, coupled with new 
detection technologies, that make this task much easier and less time 
consuming. However, you should understand that there is no single method or 
combination of methods that is "best." Your selection of the appropriate method 
for the situation and your skill in employing that method are the keys to safely 
and efficiently locating cable faults without damaging the cable. Let's see what's 
involved. 

Basic cable fault locating methods. There are two basic methods of locating an 
underground cable fault. 

Sectionalizing This procedure, as shown in Fig. 1, risks reducing cable reliability, 
because it depends on physically cutting and splicing the cable. Dividing the 
cable into successively smaller sections will enable you to narrow down the 
search for a fault. 

For example, on a 500-ft length, you would cut the cable into two 250-ft sections 
and measure both ways with an ohmmeter or high-voltage insulation resistance 
(IR) tester. The defective section shows a lower IR than the good section. You 
would repeat this "divide and conquer" procedure until reaching a short enough 
section of cable to allow repair of the fault. This laborious procedure normally 
involves repeated cable excavation. 

Thumping When you supply a high voltage to a faulted cable, the resulting high-
current arc makes a noise loud enough for you to hear above ground. While this 
method eliminates the sectionalizing method's cutting and splicing, it has its own 
drawback. Thumping requires a current on the order of tens of thousands of 
amps at voltages as high as 25kV to make an underground noise loud enough 
for you to hear above ground. 

The heating from this high current often causes some degradation of the cable 
insulation. If you're proficient in the thumping method, you can limit damage by 
reducing the power sent through the cable to the minimum required to conduct 
the test. While moderate testing may produce no noticeable effects, sustained or 
frequent testing can cause the cable insulation to degrade to an unacceptable 
condition. Many cable fault locating experts accept some insulation damage for 
two reasons: First, when thumping time is minimal, so is the cable insulation 
damage; secondly, there is no existing technology (or combination of 
technologies) that can entirely replace thumping. 

Newer fault locating technologies. There are some relatively new methods of 
locating cable faults that use rather sophisticated technology. 
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Time Domain Reflectometry (TDR) The TDR sends a low-energy signal through 
the cable, causing no insulation degradation. A theoretically perfect cable returns 
that signal in a known time and in a known profile. Impedance variations in a 
"real-world" cable alter both the time and profile, which the TDR screen or 
printout graphically represents. This graph (called a "trace") gives the user 
approximate distances to "landmarks" such as opens, splices, Y-taps, 
transformers, and water ingression. 

One weakness of TDR is that it does not pinpoint faults. TDR is accurate to 
within about 1% of testing range. Sometimes, this information alone is sufficient. 
Other times, it only serves to allow more precise thumping. Nevertheless, this 
increased precision can produce substantial savings in cost and time. A typical 
result is "438 ft 5 10 ft." If the fault is located at 440 ft, you only need to thump the 
20-ft distance from 428 ft to 448 ft, instead of the entire 440 ft. 

Another weakness of TDR is that reflectometers cannot see faults-to-ground with 
resistances much greater than 200 ohms. So, in the case of a "bleeding fault" 
rather than a short or near-short, TDR is blind. 

High-voltage radar methods There are three basic methods for high-voltage 
radar, ranked here in order of popularity, with the most popular described first: 
arc reflection, surge pulse reflection, and voltage pulse reflection. The arc 
reflection method, as shown in Fig. 2 (on page 64N), uses a TDR with a filter and 
thumper. The filter limits both the surge current and voltage that can reach the 
cable under test, thus allowing minimal stress to the cable. Arc reflection 
provides an approximate distance to the fault (when there is an ionizing, clean 
arc produced at the fault and the TDR in use is powerful enough to sense and 
display a reflected pulse). 

The surge pulse reflection method, as shown in Fig. 3, uses a current coupler 
and a storage oscilloscope with a thumper. The advantage of this method is its 
superior ability to ionize difficult and distant faults. Its disadvantages are that its 
high output surge can damage the cable, and interpreting the trace requires more 
skill than with the other methods. 

The voltage pulse reflection method, as shown in Fig. 4 (on page 64P), uses a 
voltage coupler and an analyzer with a dielectric test set or proof tester. This 
method provides a way to find faults that occur at voltages above the maximum 
thumper voltage of 25kV. 

The open neutral and cable fault locating Bare neutrals corrode quickly in 
contaminated soil that holds corrosive chemicals or excessive moisture. Open 
neutrals often thwart the effectiveness of high-voltage radar. Beware: In the 
existence of an open neutral, nearby telephone or CATV cables will complete the 
circuit. 

One test to detect an open neutral requires shorting a known good conductor to a 
suspect neutral, as shown in Fig. 5 (on page 64P), then measuring the resistance 
with an ohmmeter. If the reading is 10 ohms or higher, you can suspect an open 
neutral. Remember, other objects can complete the circuit. 

Another test uses a TDR. The trace on an open neutral will show a much flatter 



Section 3 – Underground Cables 

228 of 261 

positive pulse than it will for an open conductor. On lower-end TDRs, this pulse 
may not be visible. When the conductor is completely open, the trace will almost 
never include a reflected pulse indicating the end of the cable. 

If the TDR displays an open neutral, then an AC-voltage gradient test set can 
locate the break in a direct-buried unjacked cable. The test set's transmitter 
forces AC current to flow through the neutral, and the conducting earth 
surrounding the damaged section acts as an electrical jumper. An A-frame , as 
shown in Fig. 6 (on page 64P), then detects the resulting voltage gradient in the 
soil. 

  

  

      

)  BI Communications TX2001 Graphical TDR Cable Fault Locator 

Made By BI Communications 
 
The BI Communications TX2001 is a professional Time Domain Reflectometer 
and Toner designed to detect and locate faults on copper communication cables 
up to a distance of 3000m (10,000ft). Advanced signal processing techniques 
enable the TX2001 to find opens, short circuits, splices, taps, water ingress and 
other more elusive impedance mismatches. A built in oscillator also provides a 
tone for pair tracing and identification 

  

http://www.valuetesters.com/BI-Communications-TX2001-Graphical-TDR-Cable-Fault-Locator.php
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Megger® 
Cable (Fault) Locators, TDRs and Cable Height Meters 
Whether locating cable faults or testing the integrity of communication, power, or 
control cables, TDRs and Megger Cable Fault Locators provide fast and accurate 
results. Each unit is a safe, low-voltage tester that can be used on virtually all 
cable types, whatever their power rating. 

  

  

 

  

Computerware UK, Europe's largest distributor of light pens is now expanding 
with BI Communications Test and Measurement products to offer a new range of 
Time Domain Reflectometers and Cable Fault Locators. 
These are the smallest graphical time domain reflectometers and cable fault 
locators in the world and include the TX2001 - the lowest cost time domain 
reflectometer in its class. 
Computerware UK also supply the TX2002 and TX2003 graphical time domain 
reflector and cable fault locator with 1% accuracy, the FaultCaster digital time 
domain reflectometer and the low cost LanCaster structured cable fault locator 
and troubleshooter incorporating EDT™ End Discrimination Technology.  
The Computerware UK range of time domain reflectometers and cable fault 
locators are suitable for use by all communications engineers and technicians, 
telecom fault teams and linesmen, and contractors to the communication 
industries. More broadly, target end users include Telecom Companies (RBOC's, 
CLEC's, PTT's, etc.), Cable Television (CATV) and Cable Internet Service 

http://www.computerware.co.uk/TX2001.htm
http://www.computerware.co.uk/TX2002.htm
http://www.computerware.co.uk/TX2003.htm
http://www.computerware.co.uk/FaultCaster.htm
http://www.computerware.co.uk/LanCaster.htm
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Providers, as well as Government and Military organisations. The FaultCaster is 
also aimed at Network Installers and general electrical Contractors. 
  
Standardized VDE-switch-on procedures for operating high voltage test sets: 
 
1. Ready for operation 
2. Ready to switch on 
 
Application 
 
As the supply of electrical energy is getting more and more important for our 
society, it is necessary to make sure that power supply system works without any 
problems. 
Cables are frequently used for the distribution of the electrical energy. Although 
the cables 
are highly developed, there are sometimes malfunctions in the cable system. To 
keep the consequential damages as small as possible, trained staff and efficient 
equipment is needed. 
BAUR cable fault location instruments and systems are applicable to all types of 
cables 
ranging from 1 kV to 500 kV and all types of cable faults such as 
 
Short circuit faults 
 
Cable cuts 
 
Resistive faults 
 
Intermittent faults 
 
Sheath faults 
 
Water trees 
 
Partial discharges 
 
We distinguish between two types of cable fault location: 
 
Pre-location 
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Section 4- Voltage Regulation and Associate Equipments 

4.1 Recall Terminology used in relation to voltage profile 

 
Voltage regulation 
 
The voltage regulation is defined as the percentage rise in voltage at receiving 
end when full load is thrown off, the sending end voltage is unaltered. 
 
                              Es  - Er 
Regulation = -----------------   x 100 % 
                                  Er 
 
                          I R Cos φ r  + I X Sin φ r 
                    = ------------------------------ 
                                 Er 
 
 
 
Off load tap changer 
 
The usual tappings on a transformer are 2 ½ percent giving + - 2 ½  percent and 
+ - 5 percent of the nominal voltage. However, the tappings may all be on the 
minus side. 
 
 
On load tap changer 
 
On load tap changer is a transformer which is provided with equipment for 
changing the voltage ratio under load. The essential feature is that there must be 
no break in the winding circuit whilst the selector switches pass from one tapping 
point to the next. This requirement inevitably means that for a short period there 
must be connection between two adjacent tappings at the same time and means 
must be provided to prevent the flow of a heavy short-circuit current. 
 
Booster Transformer 
 
Booster transformer is a separate transformer which is used to inject a variable 
voltage into a circuit for regulating purpose. Such an application could be made 
where it is desired to obtain additional voltage control under load on lines already 
existent and where new transformers are not to be purchased. 
 

 

Quadrature Boosters 
 

Quadrature Boosters or phase angle control units inject a voltage with a major 
component at 90 degrees to the existing voltage. 
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S ection 4- Voltage Regulation and Associate Equipments  

Induction  and Moving Coil Regulators 

Tap changing transformers of the ― off load ― or ― on load‖ and booster type 
transformers are the most commonly used voltage regulating equipments for 
distribution work. 
 
Power loss 
 
The power loss in the distribution feeders depends on the square of the current 
and the resistance of the feeder. His loss must be considered in relation to the 
capital cost involved in the erection of distribution line. As costs of raw materials, 
cost of generation, or cost of bulk electricity vary greatly this aspect can not be 
considered in detail. The basis of most cost calculations is known as Kelvin‘s 
Law, which is as follows. 
 

On the assumption that the variable portion of the cost of the conductor is 
proportional to its cross sectional area the most economical size is that one for 
which the annual cost of energy lost is equal to the cost of interest and 
depreciation 

Voltage profile 

 

Voltage profile charts are useful for studying pattern and to locate causes or 
reasons for abnormal voltage conditions 

 
4.2 Describe the reasons effects and limitation of voltage variation  
 
Voltage control 
 
All modern transmission systems with the exception of the constant current 
system, operate at a constant voltage . It is essential for the satisfactory 
operation of the consumer‘s apparatus that the vltage be kept within narrow limit. 
 
Voltage drop 
 
The conductor must operate so that when the maximum current is being 
conveyed. The fall in voltage along the line is within certain limit. 
 
The value of fall in potential for a consumer‘s overhead line must be taken into 
account when ensuring that the fall in potential from the consumer‘s mains to any 
point on the installation .  
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SAA Rule 

 
Fall in the potential in the consumer‘s mains to any point on the installation does 
not exceed 5 % of the voltage at the commencement when full current is flowing. 
 

Section 4- Voltage Regulation and Associate Equipments 
 
Medium voltage – variation within 6%  (Not exceed) 
Higher voltage—Variation within 10% (Not exceed) 
 
 
4.3 Recall methods used in controlling voltage level 
 
The reactance and the resistance of the line must first be determined . The 
effects of transformers can be represented by adding to the series line 
impedance, the series impedance of the transformers. The equivalent electrical 
circuit of the line is drawn as follows. 

 
 
From the above it will be seen that 
 
Es=       OB 2 +  BD 2 



Section 3 – Underground Cables 

234 of 261 

 

OB= Er Cos Φ r + IR 
 
BD= Er Sin Φ r + IX 
 
 
 
Section 4- Voltage Regulation and Associate Equipments 
 
 
 
Therefore  
 
Es=         (Er Cos Φ r + IR )2   +  (Er Sin Φ r + IX)2 

 
Where 
 
Es= Sending end voltage 
Er= Receiving end voltage 
 
Then  
 
     =  Er           (Cos Φ r + IR / Er ) 2 + (Sin Φ r + IX/Er) 2 

 

This form is more convenient because the quantity under the radical sign is in the 
order of unity. 
 
 
Es=  Er          I + 2   IR/ Er Cos Φ r + 2 IX/Er   Sin Φ r + I 2 ( R2 + X2) / E2r 
 
 
The last term is usually negligible because the denominator E2r is very big. 
 
Thus 
 
Es = Er         1 +_ 2 IR / Er   Cos Φ r + 2 IX / Er Sin Φ r 
 
 
     = Er  { 1 + 2 IR / Er   Cos Φ r   + 2 IX / Er  Sin Φ r} ½ 

 

Using the binomial theorm this gives as a first approximation 
 
Es = Er ( 1 + IR/ Er   Cos Φ r   + IX / Er Sin Φ r} 
 
OR 
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Es = Er + IR Cos Φ r   + IX Sin Φ r 
 

Section 4- Voltage Regulation and Associate Equipments 
 
 
The regulation is defined as the percentage rise in voltage at the receiving end 
when the full load is thrown off , the sending end voltage is unaltered.                          
 
 
 
                        Es  -  Er 
Regulation = -------------------------- x 100  
                             Er 

 
 

                        IR Cosф r + IX Sin ф r  
                   = -----------------------------   x 100 
                             Er 
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Methods of voltage control 
 
Three general methods are available for controlling the voltage at the end of a 
distribution feeder . They are 

1. By controlling the sending end voltage 
2. By controlling the receiving end voltage 
3. By controlling the current in the line that is varying the power factor 

Voltage control equipments 

 
1. Off load tap changing transformer 
2. On load tap changing transformer 
3. Booster transformer 
4. Moving coil regulator 
5. Induction regulator 

 
Off load tap changer 
 
The usual tappings on a transformer are 2 ½ percent giving + - 2 ½ percent and 
+ - 5 percent of the nominal voltage. However , the tappings may all be on the 
minus side. 
 
Plus Tapping & Minus tapping 
 
A plus tapping is one which introduces into the active part of the winding 
concerned a greater number of turns while a minus tapping is one which 
introduces fewer turns into the winding. The taps are usually located in the centre 
of the winding or near the neutral end away from line surges. They are arranged 
so as not appreciably to displace the electrical centres of the whole windings for 
any tap circuit, and also not to affect appreciably the reactance of any tap circuit. 
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+/- 2 ½ % to +/- 5% of nominal voltage 

 

 

On load tap changer 
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Many transformers are provided with equipments for changing their voltage ratio 
under load. The essential  feature is that there must be no break in the winding 
circuit  whilst the selector switches pass from one tapping point to the next. This 
requirement inevitably means that for a short period there must be connection 
between two adjacent tappings at the same time and means must be provided to 
prevent the flow of a heavy short-circuit current. This is achieved either by the 
introduction of a current limiting resistor or a reactor. Each arrangement has its 
merits and both are in common use. 
 
On the smaller tap changers, the current is broken by the selector switches 
themselves. On the larger sizes, however, where KVA per step exceeds about 20 
kVA per step per phase, special switches are used. They are provided in a 
separate tank usually mounted below the selector switch tank.  
 
While the operating mechanism for on load tap changers may be manual, it is 
usual for it to be motor operated, and in many cases to be fully automatic. 
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Automatic Voltage Control 
 

 
 

 



Section 3 – Underground Cables 

240 of 261 

Booster transformer 
 
A separate transformer may be used to inject a variable voltage into a circuit for 
regulating purpose. 
 
Quadrature booster 
 
Injects a voltage with a major component at 90 degree to the existing voltage. 
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Sectio n 4 -  Vo ltag e Reg ul a tio n and As so ci a te Equipments  
 

Induction and moving coil regulator 
 
Tap changing transformers of the ―off load‖ or ―on load‖ and booster type 
transformers are the most commonly used voltage regulating equipment for 
distribution work. Other types of equipment which could be used are the 
induction regulator and the moving coil regulator. These , however, are usually 
more expensive and liable to be damaged under a system fault. 
 
Induction regulator 
 
This equipment may be used by itself or in conjunction with a transformer. It 
consists of a stator and rotor similar to those of a wound rotor induction motor. 
One winding is shunt connected on the system, the voltage of which is to be 
controlled, whilst the other winding is connected in series.  
 
Depending upon the relative positions of stator and rotor, the shunt winding 
induces a voltage in the series winding that may be in phase with the system 
voltage, or up to 180 degrees out of phase. The effect is that the output voltage 
can be varied in magnitude between limits. 
 
       V  +/- V1 
 
Where  V is the input voltage, V1 is the injected series voltage.     
 
The normal three phase arrangement has the disadvantage that is introduces a 
phase shift between input and output voltages at all positions except full boost 
and full back. 
 
This is of no consequence when used on an individual supply , but it produces its 
use on interconnected networks. 
 
Ф output = Ф 1  + Ф 2   depending on the position of moving coil. 
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V2 = V +/- V1 
V+/ - V1 = V2 
V= Input voltage 
V1= Injected series voltage 
 

Moving Coil Regulator 

 

In the construction of a moving coil regulator, there are two pair s of closely 
coupled shunt and series coils A1, S1 and A2  S2 respectively shown in the 
figure.  
 
The four coils are mounted on a common magnetic circuit. The moving coil M is 
short-circuited on itself and at its limits of travel surrounds one or other of pairs of 
fixed coils. 
 
The shunt coils A1 and A2 are connected additively and the series coils S1 and 
S2 in opposition. 
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Constant ratio distribution transformer 

 

Constant ratio distribution transformer are transformers with no variation of the 
transformer ratios. For a light load, the zone transformer tap changer is set at 
100 percent, while for a heavy load, the zone transformer gives a 10 percent 
boost.  
 
It will be seen that with 10 percent boost the voltage for a heavy load is minus 6 
percent . 
For light load conditions with the zone transformer at 100 percent , the voltage is 
minus  percent. 
 
Note 
 
Light load, zone transformer tap changer is set at 100%. 
Heavy load, transformer gives 10% boost 
Section 4- Voltage Regulation and Associate Equipments 
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Variable ratio distribution transformer 
 
Variable ratio distribution provides the voltage profile with combined zone 
transformer voltage boost of 10 percent variation of the far distribution 
transformer off load tap changer to 2 ½ percent boost. With this arrangement, for 
a heavy load, the voltage regulation is plus 5 percent and for light load, it is 
minus 1 ½ percent.  
 
Note 
 
Zone transformer 10% boost 
Variation of far distribution transformer off-load 
Tap changer   to 2 ½ % boost. 
 

Voltage regulation by control of current 

 
While voltage control by means of tap changing transformers is the usual method 
for distribution work, mention must be made of the use of capacitors to a load 
and so changing the power factor. The load conditions without capacitors is 
shown in full lines. 
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Section 4- Voltage Regulation and Associate Equipments 

 

4.4 Draw voltage profile using calculation to determine % voltage drop for 
components within the distribution feeders. 

Voltage profile 

 
Voltage profile charts are useful for studying pattern and to locate causes or 
reasons for abnormal voltage conditions. 
 
To make such a chart, a common voltage level is selected for the system and the 
circuit constants such as resistance and reactance are converted to this voltage 
by means of the formula.  
 
R 2  = ( E1/E2) 2  R 1 

 
R 2  = Resistance referred to voltage E2 
R 1  = Resistance referred to voltage E1 
 
E1 and E2 are respective voltage levels. 
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Voltage profile example 

 
The simplified single line diagram of a distribution system is shown in the figure. 
It is desired to keep the voltage within  + 6 % and -4% of the norminal voltage. 
 

Consumers 

A, B --- Distribution transformer T1 
C, D---- Distribution transformer T2 

 

 

Problem 

 
An industrial consumer takes a load of 100KVA at 0.8 Power factor lagging . 
Calculate the voltage at the consumer terminal . Given that supply transformer is 
a half kilometre away and has a sending end voltage of 433 Volts and the 
conductor has resistance  0.238 Ω/ km and reactance of 0.296 Ω/ km. 
                        
                          100 x 10

3 

Line current = --------------------- = 133 Amp 

           

                          3                x 433 

 

 

V drop = I ( R CosΦ + X Sin Φ) 
            = 133 ( 0.119 x 0.8 + 0.148 x 0.6) 
            = 133 (0.0952 + 0.0888) 
            = 133 x 0.184 = 24.5V 
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                                          433 

Receiving end voltage =  ---------  - 24.5 = 225.5 V / Ph or 390.5 V /line 
 
                                              3     

Section 4- Voltage Regulation and Associate Equipments 

Problem 

 
From the given graph, determine the minimum voltage rating required for the 
direct laid single core cable so that a voltage rating of 0.6/ 1 KV can be achieved 
when  

(a) 2 circuits are in each group with spacing of 0.6 m 
(b) 3 circuits exist in two touching groups. 

 

 

 

(a) 
                                             
                                           0.6 
Phase to earth voltage = --------- = 0.652 KV 
                                         0.92 
 
                                            1 
Phase to phase voltage = ---------- = 1.087 KV 
                                          0.92 
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(b) 
                                            0.6 
Phase to earth voltage = --------- = 0.91 KV 
                                            0.66 
 
                                             1 
Phase to phase voltage = ---------- = 1.52 KV 
                                            0.66 

 

Section 4- Voltage Regulation and Associate Equipments 

Problem 

 
For the simplified single line diagram shown, draw the voltage profile for the 
following  full load conditions 
 
 Full load system voltage at point A is 12.19 KV 
 Voltage drop in 11 KV supply is 212V 
 Voltage drop in 11 KV transformer is 318 V 
 Voltage drop in main is 2 V. 
 Voltage drop in sub-main is 10 V 
 Voltage drop in final sub circuit is 6 V. 
 
Use 415 V as nominal load voltage. 

 

Sectio n 4 -  Vo ltag e Reg ul a tio n and As so ci a te Equipments  

 

Formula 

 

  V1           Voltage drop (1) 

------- = -------------------------- 

  V2           Voltage drop (2) 

 

 

Side Voltage drop Side Voltage drop 

11  KV line 12.19 KV 415 V   

11000            12.19  x 10
3 

----------- = --------------------- 

415 V2 

 

V2 = 459 V 

 

11 KV line  212 V 415 V  
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drop 11000           212 

--------- = ----------- 

415 V2 

 

V2 = 8 V 

  

11 KV 

Transformer 

drop 

318 V 415  

 11000         212 

--------- = ---------- 

415 V2 

 

V2 = 12 V 

  415 V 

main 

2 V 

  415 V 

Sub 

main 

10 V 

  415 V 

Final 

Sub 

circuit 

 

6 V 

 

 

   5HDO�3RZHU� �9�,�&RV�ĭ��6LQJOH�SKDVH����������������9�,�&RV�ĭ���7KUHH�SKDVH� 

 

                        

 

                                                       5HDFWLYH�3RZHU� �9�,�6LQ�ĭ��6LQJOH�SKDVH��� 

                       

$SSDUHQW�3RZHU�����������������������������������������������������������������9�,�6LQ�ĭ��7KUHH�SKDVH��� 

 V I (Single Phase) 

 

3  V I (Three phase) 

 

 

        ĭ������������ĭ�� 

 

 

 

                                                            .9$5�,PSURYHG� ��.:��WDQ�ĭ���- WDQ�ĭ��� 

 

                                                                                                  Vph 
 2 

                                                         KVAR improved =  ------------------- x 3 

                                                                                                    Xc 
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Problem 

 
A phase load of 200 KVA 50 Hz is to have it‘s power factor improved from 0.75 to 
0.9. Calculate the size of capacitor bank required if the supply voltage is 415V. 
Sketch the connection. 
 
Use delta capacitor bank 
 
Φ 1 = Cos -10.71 = 41 
Φ 2 = Cos -10.9 = 26 
 
Kw = 200 x 0.71 = 151 Kvar 
 
Kvar correction = 151 ( tan 41 - tan 26) = 65.2 Kvar 
 
               V2                 415 2 

Xc= ---------  = ------------------- 
            Kvar      65.2 /3  x 1000 
           1 
C = --------------------  = 100 micro farad 
        2            f  Xc  
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REVIEW QUESTIONS FOR SECTION 3 AND 4 
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Day (1) 
Learning Outcome 1.1 Describe common system for electrical distribution 
 
The electrical distribution system contains the following equipments. 
 

1. Power generating equipments 
2. Primary and secondary distribution systems including feeders, transformers, switch gears, 

protective equipments and stand by generating plant. 
3. Motor drives, heaters, oven, associated wiring and control equipments 
4. Lighting equipments, lighting wiring circuits 
5. Electrical and electronic control, instrumentation systems 
6. \Auxiliary systems 
7. Special items such as welding, batteries, rectifiers, electro plating equipments, lifts, industrial 

trucks, air-conditioners 
8. Communication equipments 



 2 

9. Yard, roadway, protective lighting 
 
 
Limit of Distribution 
 
Figure 1.1 
 

 
 
 
 
System of distribution 

 Overhead distribution 

 Underground distribution 

 Combined overhead and underground distribution 
 
 
 
Learning outcome 1.2 State their relative merit and voltage levels 
 
Overhead lines 
 

 Less expensive 

 Extreme higher voltage 

 Continual stresses 

 Exposure to varying climate conditions 

 Subject to mechanical wears/ corrosion 

 Need to be periodically replaced  
 
Higher spacing between conductors---- Higher current rating 
                                                         ----- Higher circuit inductance 
 
Larger conductor sizes----- Higher load capacity 
                                    ------ Higher expenses 
 
 
 
Standard distribution voltages  ASCI 1969 
 
Standard voltages for 3 phase system are 
 
415V (Voltage to neutral  240V) 
11KV, 22KV, 33KV, 66KV 
 
 
 
 
Learning outcome 1.3 Interpret the diagrams of distribution systems 
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Fig 1.2 
 

 
 
Types of feeders 
 
Radial feeder 
 
Fig 1.3 
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Parallel Feeder 
 
Fig 1.4 
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Ring main feeder 
Fig 1.5 
 
 

 
 
 
Substation busbar arrangement 

 
For easy maintenance, means must be provided for isolators and circuit breakers. Earthing switch is to 
be provided for earthing of high voltage equipments. 
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Single busbar 

 
Fig 1.6 
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Duplicate busbar 
 
Fig 1.7 
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Sectionalize busbar system 
 
Fig 1.8 
 

 
 
 
 
Ring busbar 
 



 10 

Fig 1.9 

 
Learning outcome 1.4 Recall terminating pertaining the distribution system 
 
Technical terms for electrical distribution 
 
Reserve 

 
Reserve is that portion of an electric utility’s available generating capacity tahat is not producing 
electricity at a given time. 
 
Spinning reserve 
 
The generating capacity that is being driven at the proper speed to provide proper voltage but is not 
producing power. Spinning reserve can provide power to the system almost instantaneously if the 
system load is increased or a generator must be taken out of service. 
 
Diversity 
Load changes during a period of time. 
 
Fig 1.10 
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Demand Factor 
 
                                   Maximum load 
Demand factor =  -------------------------------------------------- 
                                   Total connected load 
 
Consumer Factor 
 
An individual consumer is not opt to be using all of the electrical devices that constitute his or her 
connected load at the same time. 
 
Maximum demand 
 
Actual load is used by consumer creates demand for electrical energy that varies from hour to hour over 
a period of time but reaches its greatest value of same point. This may be called the consumer’s 
instantaneous demand. 
 
Coincidence factor 
 
The ratio of the maximum coincident total demand of a group of consumers to the sum of the maximum 
demands of each of the consumer 
 
                                   Maximum coincident total demand of a group of consumers 
 
Coincidence factor = ---------------------------------------------------------------------------------------- 
 
                                   Sum of maximum demands of each of consumers 
 
Utilization factor 
 
The ratio of the maximum demand of a system to the rated capacity of the system. 
 
 
                               Maximum demand of the system 
Utilization factor = ----------------------------------------------------------------------------------- 
 
                               Rated capacity of the system 
 
Diversity Factor 
 
The ratio of the sum of maximum demands of each of the component loads to the maximum demand of 
the load as a whole. 
 
                             Sum of maximum demands of each of the component load 
Diversity Factor = --------------------------------------------------------------------------------------------- 
 
                             Maximum demand of the load as whole 
 
 
Some natures  of industrial loads 
 
Industrial Heating 
 
Space heater, oven baking, heat treating, enamelling, furnace, steel brass, welders, high frequency 
heating devices. 
 
Electric furnances draw the heavy current of less intermittently during the part of the heat treatment 
process and fairly lesser current for the rest. 
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Electronic loads 
 
Radio, TV, Laser equipments, digital time and timing devices, rectifiers, oscillators, high frequency 
current production. 
 
TUTORIAL EXERCISES 
 
Q1.  
Discuss the relative advantages and disadvantages of the following systems of electrical distribution. 
 

(a) radial feeder  (b) Parallel feeder  (c) Ring main feeder 
 
Answer will be discussed in the class. 
 
Q2.  
A transformer supplies a group pf four feeders which have individual maximum demands of 2.5, 2.4, 4.3 
and 1.6 MVA. If the diversity factor of the system is 1.82, determine the maximum demand on the 
transformer. 
 
Answer 
                                     Sum of the individual maximum demands 
Diversity Factor  = ------------------------------------------------------------------------------------ 
 
                                    Maximum demand of the transformer. 
 
                               2.5 + 2.4 + 4.3 + 1.6 
 
              1.82    = ----------------------------------------------------------------------------------- 
                                        
                                     Maximum demand of the transformer. 
 
 
                                                                        2.5 + 2.4 + 4.3 + 1.6 
Maximum demand of the transformer = --------------------------------------------------- 
 
                                                                              1.82 
 
 
Maximum demand of the transformer= 5.93 MVA 
 
 
Q3 
 
A house has the following loads  
 
5 lights each 80watts 
1 stove  1000watts 
5 power points   each 100 watts 
1 air-conditioner    1000 watts 
 
If maximum demand is 2000 watt, calculate the demand factor. 
 
Total connected load 
 
Equipment  Power 
Light 5 x 80 watts 400 watts 
Stove  1000 watts 
Power point 5 x 100 watts 500 watts 
Air-conditioner  1000 Watts 

 Total connected load 2900 watts 
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                                Maximum demand 
 
Demand factor = ---------------------------------------------------- 
                                Total connected load 
 
                                    2000 
                        = ----------------------------------------- 
                                    2900 
                        = 0.68 
 
Q4 
State 3 classifications of distribution system 
 
Answer 

 Overhead distribution 

 Underground distribution 

 Combined overhead and underground distribution 
Q5 
State the standard voltages for 3 phase distribution system 
 
Answer 
 
415V, 11KV, 22KV, 33KV, 66KV 
 
Q6 
Sketch abd describe a single wire earth return (SWER) system 
 
Fig 1.11 

 
Q7 
Sketch three types of feeders that are commonly used for distribution system and describe the merit of 
each type 
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Answer 
 
Radial feeder 
 
Fig 1.12 

 
 
 
Advantage-- Simple to build and maintain 
 
Disadvantage-- Unreliable 
 
 
Parallel Feeder 
 
Fig 1.13 

 
Advantage-- Reliability is improved over radial feeder 
Disadvantage- Expensive and more complex to operate 
 
Ring main feeder 
 
Fig 1.14 
 

 
Advantage-- Very reliable due to multiple sources and two ways of power flow 
 
Disadvantage-- Very expensive and complicated to operate 
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Q8 
 
Draw a block diagram of a power system from generation to utilisation and on it, show typical voltages 
 
Answer 
 
Fig 1.15 
 

 
Q9 
Sketch the following busbar arrangements 
-Single busbar 
-Sectionalise busbar 
-Ring busbar 
-Duplicate Busbar 
 
 
Answer 
 
Single busbar 
 
Fig 1.16 
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Sectionalise busbar 
 
Fig 1.17 

 
Ring busbar 
 
Fig 1.18 
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Duplicate busbar 
 
Fig 1.19 
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7762 AA Electrical Distribution (1) 
 
Day 2 
 
Learning outcome 2.1 Identify relevant components used in overhead line design 
 
Conductor support 
 
Wood poles 
Steel poles 
Concrete poles 
Steel Towers 
 
Typical Pole 

 
Fig 2,1 
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Fig 2.2 
 
 
Fig 2.3 

 
 
Fig 2.4 

 
More angle of deviation causes the bigger resultant force to remove the cable from the pin insulator. The 
angle of deviation should not be more than 10 degree for pin insulator. 
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Fig 2.5 

 
 
 
Arcing Horns 
 
In the case of insulator flash over due to lightning strike, the porcelain is often cracked  or broken by the 
power arc that follows the initial discharge. 
 
To protect against this trouble, arcing horn or rings are installed on many overhead systems. These 
operate so that the arc is taken up by the electrode and held at sufficient distance from the porcelain to 
prevent the damage by the heat of the arc. 
 
 
Fig 2.6 
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Fig 2.7 

 
 
Fig 2.8 
 

 
These consist of a number of helically formed rods , the  central portions of which are shaped to provide 
attachment of the conductor on line pin insulator. 
 
 
Outcome 2.2 Outline relevant factors related to installation, maintenance of cross arms, pole 
types and choice of conductor sizes for commonly used configuration. 
 
Conductor size 
 
SAA Wiring Rule 
 
Rule 3.13.2 
Every conductor installed as aerial conductor shall have not less than seven strands and shall not be 
smaller than 4 mm

2 
copper or 16mm

2 
aluminium. 

 
Fig 2.9 
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Total CSA  = 4 mm

2 
copper or 16mm

2 
aluminium 

 
The length of span of aerial conductor 
 
Fig 2.10 
 

 
Rule 3.13.9 
 
The length of span of copper aerial conductor shall not exceed the values given below, 
 

Type of conductor Size mm
2  

Maximum span (metres) 

Bare hard drawn conductors 4 
6 

16 or over 

25 
30 
60 
 

 
 
Learning outcome 2.3 Determine mechanical limitations and physical dimensions of lines 
 
Overhead line conductors 
 

 Hard Drawn Copper Conductor 

 All Aluminium Conductor (AAC) 

 All Aluminium Alloy Conductor (AAAC) 

 Aluminium Conductor Steel Reinforced (ACSR) 

 Steel Conductor Galvanized (SC/GZ) 

 Steel Conductor Aluminium Clad (SC/AC) 
 
When steel is used as reinforcement or as a conductor or stay, it must be protected against corrosion. 
 
Protection methods 
 

 Galvanizing 

 Coating with aluminium 
 
Note 
(1)An aluminium conductor steel reinforced should have some indication of the corrosion prevention 
method. 
 
ACSR/GZ indicates that steel is galvanized 
 
ACSR/AC indicates Aluminium Steel Core. 
 
(2)Aluminium Conductors with Steel reinforcement provides the following advantages 

 Most economical 
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 Shorter Span 

 Not so frequently used for distribution work 
 
Steel Conductor 

 Very economical for rural distribution 
 
Aluminium/ Aluminium Alloy Conductor 

 Financial saving over copper 

 Use in suburban work 

 Span lengths are relatively short allowing for lower line tension 
 
Conductor current rating 
 
The current rating of overhead conductor depends on 
 

 Heating 

 Voltage drop 

 Power losses 
 
The current carrying capacity of an overhead conductor is limited by 
 

 Annealing temperature of conductor 

 The expansion due to temperature rise which causes a reduction of statutory clearance 

 A temperature rise which might occasion injury to any insulation 
 
Reasonably accepted values for the maximum operating temperature 
 
75° C for continuous rating 
100° C for one hour rating 
 
Conditions affecting maximum conductor temperature 

 
 Ambient temperature 

 Wind velocity 

 Heat absorbed from solar radiation 

 Heat lost by convection 

 Heat lost by radiation 
 
Fault current carrying capacity 
 
Fig 2.11 
 
Voltage 
The conductor must operate so that when the maximum current is being conveyed the fall in voltage 
along the line is within the certain limit. 
 
The consumer’s main to any point on the installation does not exceed five percent of the voltage at the 
commencement when full current is flowing 
 
For medium voltages, the variation at the consumer’s terminals should not exceed six percent and for 
higher voltages, the variations should not exceed ten percent. 
 
Power loss 
                                                                1 
Power Loss             I 

2      
         ------------------------------ 

                                                 Cross Sectional Area 
 
Where Power loss means consumer power loss and line power loss. 
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Cross sectional area of the conductor determines the capital cost. 
 
Materials for over head line conductors 
 
Materials for overhead line conductor is determined by 

 Electrical properties such as resistance, reactance, current carrying capacity of the conductor 

 Mechanical properties such as strength and weight 

 Price of the material relation to the return in the investment 
 
Factors to be taken for installation of insulator 
 

 Minimum mechanical strength 

 Minimum impulse withstand voltage 

 Minimum wet withstand voltage at power frequency 

 Minimum puncture voltage at power frequency 

 Minimum creepage distance between conductor tie and pin 
 
The minimum failing load for any line pin insulator is 7KN. 
 
Designation of insulator 
 
Line Pin Insulator 
 

First letter S- Standard 
F-Foy type 
A-Aerodynamic 

Next letter LP- Line pin insulator 
First number- Nominal voltage (KV) 
Second number- Minimum creepage distance 

 
Example 

 
ALP  33/920 
 
A- Aerodynamic type 
LP- Line pin insulator 
33- 33 KV 
920- 920mm (Minimum) creepage distance 
 
Example 

 
SLP  11/180 
 
S-Standard type 
LP-Line pin insulator 
11-11KV 
180- 180 mm (Minimum) creepage distance 
 
Shackle Insulator 

 
Shackle insulators are used for terminating and angle construction on mainly on low voltage lines. The 
high voltage shackle insulators are now replaced by disc insulator. 
 
 
 
 
 
 



 8 

 
Fig 2.12 
 

 
SH LV1- Minimum failing load 9KN 
SH LV2- Minimum failing load 20KN 
 
Disc Insulator 
 
Disc insulators are used in high voltage lines for both intermediate and strain construction 
 
1 disc- 11KV 
2 disc- 22KV 
3 disc- 33KV 
 
Minimum failing loads  of 44 KN and 66 KN 
 
S-Suspension              A- Anchor shackle    B- Hanger bracket     D- Disc    E- Eye bolt      N- Eye nut 
P1-Pole band termination    P2- Pole band through construction   G- Straight torque 
 
Example 
 
EA 2/D      
 
E- Eye bolt 
A- Anchor shackle 
2-2 discs 
D- Disc 
 
Stay Insulator 
 

Stay insulator type Line voltage Steel wire size Minimum failing load 
(KN) 

GY1 
GY2 
GY3 
GY4 

LV and 11KV 
11KV 
22KV 
33KV 

7/2.75 
19/2.00 
19/2.75 
19/2.75 

27 
71 
222 
222 

 

 
Insulator pin 

 
 Made of hot rolled carbon steel and galvanized 

 Alloy lead -- 95% lead and 5% antimony 

 Pattern A, B ,C 
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 A- Used for both medium and high voltage insulators 

 B-Used for insulator of voltage up to 600V 

 C- Used for high voltage insulator 
 
Interpretation 
 
Type/ Stem length / Failing load 
 

Pin Type Shank Size 

B   /  100    /  3.5 
A   /  130    /  7 
C   /  150    /  7 
C   /  150    /  11 
C   /  200    /  11 
B   /  300    /  7 

140 x 16 mm 
165 x 20 mm 
165 x 20 mm 
165 x 24 mm 
165 x 24 mm 
165 x 24 mm 
 

 
Example 
 
 C / 300  / 7 
C Type    Stem length 300 mm  Transversed failing load 7 KN. 
 
Causes of insulator failure 
 

1. Cracking of porcelain 
2. Porosity of porcelain 
3. Puncture of weak porcelain 
4. Shattering of insulatoir caused by power arc 
5. Flash over of insulator caused by dust/ salt deposits 
6. Failure of insulator from excessive mechanical stress 
7. Short circuit caused by birds or animals 

 
Maximum tension of conductor 
 
Maximum tension should not be more than 50% of ultimate tensile strength under a wind loading of 500 
Pascal at 15 º C  
 
The maximum conductor tension in still air at 5 º C is not to exceed the followings 
 
15%- Ultimate Strength for hard drawn copper conductor 
18% Ultimate Strength for hard drawn all aluminium  conductor, steel core aluminium conductor and hard 
drawn cadium copper conductor 
18% Ultimate Strength for all aluminium alloy conductors 
 
Vibration dampers 
 
33 

1
/3 % for hard drawn copper conductor 

25%  for hard drawn aluminium steel core and hard drawn cadium copper conductor. 
 
Vibration dampers are fitted to transmission lines rather than distribution feeders 
 
Armour rod and vibration dampers 
 
Over head line conductors are subject to mechanical vibration caused by change of wind pressure 
causing swing and ultimately causing failure of the conductor. 
Such failure is reduced greatly where conductor is reinforced at the point of support and by designed 
conductor clamp. 
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Helically formed fittings 
 
Fig 2.13 
 

 
 
Helically formed fitting is applied to a conductor at the support point. 
 
Line Guard 
 
Features: 

 Shorter in length 

 Smaller diameter wire 

 Used at conductor support 

 To protect the conductor against flash over burn 
 
Termination or dead ends 
 

 Helically formed wires 

 Leaving loop to which tension is applied 
 
 
Insulation material for conductor 

 
Polyvinyl Chloride (PVC) 

 Low temperature, tearability, oil resistance, termite resistance 

 Fuse / protective devices must be sufficiently sensitive to prevent PVC approaching softening point. 
 
Ethylene Propylene Rubber (EPR) 

 Thermosetting, excellent thermal electrical properties 

 Higher dielectric , greater resistance to corona 
 
Impregnated Paper 

 Must be free from inperfection , High dielectric strength 
 
Cross Linked Polyehylene (XLPE) 

 Used for power cables 

 Extremely good chemical resistant insulation 

 Short time operation at 130 º C 
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 Continuous operation at 90 º C 

 Short circuit performance at 250 º C 

 Lightness 
 
Compacted conductors 

 Used for 1.9/ 3.3 KV cables 

 HV XLPE cables are compacted to reduce the size of intersticies. 
 
Overhead line consideration 
 
AC transmission is mostly used. Overhead line construction are much less expensive than under ground 
line construction.. Steel towers are used to support the conductors. They are protected by lightning 
arresters. 
 
Cable 
Majority of cable used for underground distribution work are Impregnated Paper  insulated with lead or 
lead alloy sheath. Cables up to 33KV are covered by AS 1026. Copper and aluminium are used as 
conductors. 
 
Learning Outcome 2.2 Outline relevant factors related to installation 

 
Ultimate Tensile Strength 
 
Fig 2.14 

 
 
The following regulations are extracted from Overhead Line Construction Regulations of NSW (1983) 
 
Regulation 28.1 
 
The ultimate tensile strength of an aerial conductor operating voltage of 650V or less shall not be less 
than 3000N. 
 
Hard Drawn Copper  Conductor      7/1.75 at 3610 N Ultimate Strength  (UTS) 
All Aluminium Conductor                 7/1.75 at 3010 N  Ultimate Strength  (UTS) 
All Aluminium Alloy Conductor        7/1.75 at 4710 N  Ultimate Strength  (UTS)     
 
 
 
Regulation 28.2 

 
The Ultimate Tensile Strength of an aerial conductor operating voltage exceeding 650V must not be less 
than 5000N. 
 
Copper                   7/1.75    at   6840 N Ultimate Strength 
Aluminium             7/2.50     at   5750 N Ultimate Strength 
Aluminium Alloy    7/2/25     at   7780 N Ultimate Strength 
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Learning Outcome 2.3 Determine Mechanical & Physical dimension of line 
 
Sag 
 
Fig 2.15 
 

 
When distribution lines are erected, the sag allowed in a conductor at the time of erection must be such 
that the maximum tension allowable for the particular conductor is not exceeded under the condition 
specified in the regulations. 
 
Four sag conditions 
 

1. Sag and tension in conductor at 15ºC with wind loading of 500 Pascal on the projected area of 
conductor 

2. Sag and tension at no wind and ambient  temperature of 5ºC . 
3. Sag at 5ºC which determines the support weight to maintain the statutory clearance above the 

ground. 
4. Sag of erection which will ensure that the above conditions are fulfilled. 

 
Fig 2.16 
 
                   W  L

 2
 

S =  ----------------------------- 
                     8 T 
 
Where 
 
S 
L 
W 
T 

= Sag in metres 
= Length of span in metres 
= Combined load of gravitational force and wind force on conductor at one metre length 
= Tension in conductor (Newton) 

 
                                                               8 x  S

 2
 

Length of  cable (Metre)  =   L +  -------------------------------  
3 x L 

 
 
Problem 
 
Calculate allowable sag for a 7/ 3.50 hard drawn copper over head line conductor span of 150 m. The 
wind loading is 500 Pascal. Minimum tension is 50% of Ultimate Strength. 
 
Ultimate tensile strength 
Gravitational force 
Diameter of conductor 
Wind loading per metre 
 
 
 
 

= 26600N 
= 5.949N / m 
=10.5 mm 
=diameter in metre x wind loading in Pascal 
 
= 10.5 x 10

 - 3 
x500 

= 5.25 N/ m 
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Combined load of gravitational force and wind 
force on conductor at one metre length 
 
 
 
 
 
                     W  L

 2                                          
7. 934 x 150 

2
 

Sag  =  ------------------------- = -----------------------------
 

                     8 T                            8 x 26600 x 0.5 
 

=  
               Wo 

2 
+ W l 

2 

 

=             5.949 
2 
+ 5.25 

2 

 

= 7.934 N/ m 
 
 
= 1.678 m 

 
Erection Sag 
 
It is necessary to calculate the tension and  sag under conditions at the time of erection. 
 
Factors to vary sag and tension 

 Elasticity 

 Temperature 
 
An increase in temperature will cause the length of the conductor to increase so that the sag will 
increase. 
 
Sag measurement 
 
(a) Sight Board Method 
 
Fig 2.16 
 

 
 
Sag= h 1 - h 2 

 

Sight boards are fixed to two poles of the span at the appropriate height for desired sag. The conductor 
is then pulled up to line with a sight taken between two boards. 
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(b) Wave Timing Method 
 
Fig 2.17 
 

 
 
For this method, the conductor is struck at one end of the span and the time taken for the wave to travel 
the span six times is measured. Sag is then calculated from the formula. 
 
 t  =         Sag in metre 
 
t= Time in seconds for 3 return waves 
 
 
(c) Optical Range Finder Method 
 
 
Fig 2.18 
 

 
 
Sag= h 1 - h 2 
 
Measure the height of the conductor at the pole . The height of the conductor at mid span. 
 
Sag= Height of conductors at pole  = Height of conductor at mid span 
 
Wood poles 
 

 Cheapest 

 Made from larch, sprace, cedar, pine, fir trees 

 Southern Yellow Pine , Dogulas Pine are mostly used. 
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Review Questions 
 
Review Questions are extracted from EA 153 - 7762 AA Electrical Distribution Module Book 
 
 

Review Questions for Section 2-Over Head Line 

 

Answers for Q1 to 4 
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Answers for Q5 to 10 
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Answers for Question 11 to 20 
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Answer for Question 21 to 23 
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2.4 Overhead line Mechanical Design 
Step (1) Calculate bending moment on pole 
                                                      Wind force (Fw)  

 
Bending moment= Fw x h (N-m) 
                                         

                                               h= height of pole (m) 

                          h                
 
 
 
                    d2                         
                                                               
                                                   Wind force on pole 
 
 
                                     Total Bending moment = Bending moment caused + Bending moment 

by wind force  on pole         caused  by wind  
                                            force in conductor 

              
                                   Wind force on conductor 
 
 
 

d1                Bending moment caused by = Wind pressure (Pa) x h
2 
( d 1 / 6 + d2/ 3)  

                       wind force on pole 
                    (N-m) 
                
                       Bending moment caused by  = Wind pressure x The area of   x No of       x h 
                        wind force on conductors                                    conductor        conductors 
                   subjected to 
                                wind for the 
                   whole span 

 
Step (2)Calculate of maximum fibre stress on wood pole caused by wind force on conductor 
 
 
f =   M    x C          where f = maximum fibre stress  N/ m

2   
, M= Total bending moment, 

                  I                    c = Distance from extreme fibre of cross section to neutral axis. 
 
         

                         d       
 

for conductor                  c = d /2 

                                                                                                              d 4 

                                  I= Moment of inertia for circular shape   = ---------------------- = 0.049 d 4                                                                     
                                                                                                          64 
For Trapizium shape                     d 2 
                                                                                                                   
                                                                                h 
              
 
                                                      d 1 
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Step (3) Using the properties of wood for pole technical chart and select the appropriate type 
of wood by taking account on stress caused by the load 
 
The original pole with trapezoidal (side view) shape is to be replaced by the pole with uniform 
diameter. 
 
The circumference of the pole =     3      730 x Safety Factor  x Total Bending moment (N-m) 
                                                                ------------------------------------------------------------------------ 

Ultimate stress of wood selected for making pole (N/ m
2
) 

 
Problem (1) 
 
12 m pole is set 1.83 m in ground with three no 4/0 stranded conductors on a cross arm with the 
conductors level at top of pole and 45.7 m balance of  span in a heavy loading area.  
The pole got 20.32 cm at top and 30.48 cm at bottom. N0 4/0 conductor has diameter of 1.34 cm and 
total ice thickness is 2.54 cm. Wind pressure is 196.2 Pa. Safety factor is taken 2. 
 
(1) Select the appropriate type of wood  
 

Type of wood Ultimate stress Safety factor Cost 

Northern white cedar 
Western red cedar 
Long leaf yellow pine 
Wallaha 
 

24.9 x 10 
6 
  N/ m

 2 

38.84 x 10 
6 
  N/ m

 2 

51.3 x 10 
6 
  N/ m

 2 

77.79 x 10 
6 
  N/ m

 2 

5 
8 
10 
15 

Cheap 
Cheap 
Moderate 
Expensive 

 
(2) If the original pole is to be replaced with the pole with uniform diameter, calculate the diameter of 
the new pole. 
 
Step (1)  
 
 

  Fig 2.1 
                h= 12 – 1.83     = 10.17 m   
 
 

Bending moment caused by = Wind pressure (Pa) x h
2 
( d 1 / 6 + d2/ 3)  

                       wind force on pole 
                    (N-m) 
                                                 = 196.2 x (10.17)

 2  
x (30.48/ 6 x100  +20.32 / 3x 100) 

                                                 = 2404 N-m ---------------------(a) 
 
 
   Fig 2.2 
 
Total diameter of conductor = Conductor diameter + Thickness of ice 

= 1.34 + 2.54  = 3.88 cm 
 
Bending moment caused by  = Wind pressure x The area of   x No of       x h 
wind force on conductors                                      conductor       conductor 
                                                                              subjected to 

                                                               wind for the 
                                                               whole span 
                                 = 196.2 x 45.7 x 3.88 / 100   x 3 x 10.17 
                                 = 10614 N-m-----------------------------------(b) 

 
Total bending moment = (a) + (b) = 2404 + 10614 = 13018 N-m 
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Step (2) 
 
Maximum fibre stress = f =   M    x C     

----- 
I 

 
                                         =  13018  x d / 2 

---------------------- 
0.049 d 

 4 

                                          
                                              13018 
                                          = ----------------- 

.098 x d 
 3 

 

   
                   13018

 

                                                                
 = -------------------------- 

                                             .098 x (25.4 x 10
 –2

)
 3 

                                        
                                           = 8.095 x 10

 6   
N/ m

2 

 

By taking safety  factor 2 (Given)= Working stress = 4.047 N/ m
2
 

 

Type of wood Ultimate stress Safety factor Working stress Cost 

Northern white cedar 
Western red cedar 
Long leaf yellow pine 
Wallaha 
 

20 x 10 
6 
  N/ m

 2 

32.8 x 10 
6 
  N/ m

 2 

51.3 x 10 
6 
  N/ m

 2 

77.79 x 10 
6 
  N/ m

 2 

5 
8 
10 
15 

4 x10 
6 
  N/ m

 2
 

4.1 x10 
6 
  N/ m

 2
 

5.13 x10 
6 
  N/ m

 2
 

5.18 x10 
6 
  N/ m

 2
 

Cheap 
Cheap 
Moderate 
Expensive 

 
Selection 
 
Northern white cedar can not be selected because it got less stress 
 
Wallaha got highest stress but in term of cost factor, it is expensive and will not be selected 
 
Western red cedar or Long leaf yellow pine can be selected. But Western white cedar stress is 4.1 
which is very close to the calculated stress 4.047 thus long leaf yellow pine is to be selected because 

(1) Appropriate stress  (2) Moderate cost 
 
 
To calculate the diameter of the new pole. if the original pole is to be replaced with the pole with 
uniform diameter 
 
The circumference of the pole =     3      730 x Safety Factor  x Total Bending moment (N-m) 
                                                                ------------------------------------------------------------------------ 

Ultimate stress of wood selected for making pole (N/ m
2
) 

 
                                                            
                                                   =    3     730  x 2  x 13018 
                                                                ---------------------------------- 
                                                                51.3 x 10 

6 
  N/ m

 2 

                                                  
=    3        0.37 
 
                                                   0.718 
= 0.718 m  ---------   Diameter = ------------  = 0.228m = 22.8 cm 
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Design of guy wire 
 
 
Wire 1 
 
 
 Wire 2    
 
 
Wind pressure                   

              
 
                                                  

 
 
 
                                                                          

α                     h1   h2    hw 
 

                                G 
 
Take moment centre at ground (G)                                            Guy Wire 
 
 

Total moment = T Cos α + h = Wire 1 Force x h1  + Wire 2 Force x h 2 + Wind force x h w 

 

 

                                             Total moment 
Stress in guy wire  =  --------------------------------- 

                                                                                   3 

0.0982  x d 
 
 
 d =           Total moment 
          3   ----------------------------------------------------   (m) 

Stress in guy wire  x   0.0982 
 

where  d= diameter of guy wire 
 
 
 
 
Problem (2) 
 
3 No 4 medium hard-drawn copper primary conductor is attached at 10m above the ground on pole.  
4 No 2 soft-drawn copper cable is attached at 2m below on the pole. A pole face area to wind is 2.5m

2 

and wind pressure is 192.6 Pascal at 7m. The guy wire is attached at 9m above the ground at 45 . 
 
Calculate horizontal and vertical loading on guy wire if No 4 wire has 433 Kg weight for the whole 
span  and  No 2 wire has 451 Kg weight for the whole span  . 
 
If allowable stress in guy wire is 3317 x 10

6
N/m

2 
, calculate the diameter of guy wire. 
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Fig 3.1 

 
T Cos 45 x 9 = 433 x 9.81 x 10 + 451 x 9.81 x 8 + 196.2 x 2.5 x 7 
 
           433 x 9.81 x 10 + 451 x 9.81 x 8 + 196.2 x 2.5 x 7 
T =  -------------------------------------------------------------------------- 
                          9 Cos 45 
 
       433 x 9.81 x 10 + 451 x 9.81 x 8 + 196.2 x 2.5 x 7 
   = ----------------------------------------------------------------------------- 
                         9 x 0.707 
 
    = 12776 N 
 
 
                    TH    TH= T Cos 45 = 12776 x Cos 45 = 9033N 

      TV=  T Sin 45  = 12776 x Sin 45 = 9033 N 

 
 

 
TV            T 
 
Fig 3.2 

 
Total moment =  Clock wise +, Anti Clockwise  - 
 
                       = + 433 x 9.81 x 1 - 451 x 9.81x1 - 196.2 x 2.5 x 2 
                       = 4247.73 - 4424.3 - 981  
                       =  -1131 
                       = 1131 N-m  Anti Clockwise   
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Diameter of guy wire =                    Total moment 
                                                 ------------------------------------------- 
                                         3       Stress in guy wire  x   0.0982 
 

 
                           =         1131 
                                                --------------------------------------------- 
                                            3      3317 x 10 

6 
 x 0.982 

          
 
= 0.015 m OR 1.5 cm 

 Cross Arm Design 
 
Fig 3.3, 3.4, 3.5 
 

 
                                                                            b d

 3 

    c= d/ 2                                                   I = ------------------ 
                                          d                                  12 
 
                                                                  c = d / 2 
 
                                                                                 b d  

2
                   

                              b                                  I / c =   -----------------
 

                                                                                    6 
 
                                                                  I                 d 

2 
( b - a)

 

                                                              --------      = ------------------ 
                                                                   c                    6 
                                             d 
 
 
 
 
 
                      a 
          
                      b 
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Problem 
 
Fig 3.6 
 

 
 
In given figure, if total moment on cross arm due to conductor / pin load is 493 N-m, calculate stress. 
 
          M                                              493 
f =  ---------------   = ----------------------------------------------------------------- 
          I / C                    1/6  ( 11.4 /100) 

2   
{ 9 / 100  -  2.54/ 100 } 

   
                                                            493 
                            = ------------------------------------------------------------------- 
                                   1  x    11.4 x 11.4  x   6.46 
                                    ---------------------------------------- 
                                    6 x 100 x 100 x 100 
 
                                                            493 
                            = ---------------------------------------------- = 390 x 10 

4 
 N / m

 2 

                                                       0.0007929 
 
Bolt Design 
 
Fig 3.7 
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                                                                       W 
 
Unit pressure on bolt in cross arm = ----------------------------------- 
                                                                   b 1 x d 
  
Pin Design 
 
Fig 3.8 
 

 
                          P x h 
 Stress = -------------------------- 
                    0.0982 x d 

3 

 

Problem (3) 
 
12 m pole is installed with 3 No4/0 bare copper conductors in one direction and 3 No 2/0 bare 
stranded copper conductors in opposite direction. 3 No 4/0 conductors cause 1355016 N-m bending 
moment and 3 No 2/0 conductors cause 1072721 N-m bending moment. Wind load on pole is 12648 
N-m. Calculate tower circumference to withstand the load if long leaf yellow pine has ultimate stress 

51.3 x 10
6
N/m

2 . Take safety factor 2. 

 
 
           3 No 4 conductor                       Pole                         3 No 2 conductor                              
               1355016 N-m                                                          1072721 N-m 
                                                       
 
 
                                                             Wind = 12648 N-m 
 
Resultant bending moment caused by conductor = 1355016 - 1072721 = 28228 N-m 
 
Bending moment caused by wind = 12648 N-m 
 
 
Total bending moment =       28228 

2 
 + 12648 

2  

 

                                     = 282578 N-m 
 
 
Safety factor = 2 
 
                                           730 x Safety factor x Total bending moment 
Circumference  =     ------------------------------------------------------------------------------ 

3 Ultimate stress of wood selected  
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730 x 2 x 282578 

                          =      ------------------------------------------------------------------------------ 
3 51.3 x 10 

6 
  

 
 
                          = 2 m 
 
                      Circumference                                 2 
Diameter = ----------------------------------  =      ------------------  = 0.637 m = 63.7 cm 
                                                                            3.1416 
 
 
Problem 
Assume a standard 2.43 m six pin arm mounted at it’s centre on a pole supporting six conductors 
each of which has 1.27 m ice coating has a maximum weight of 45.6 Kg. The length of moment arm 
from the centre of the arm to each pin are respectively 38.1, 74.93 and 111.76 cm. Total moment of 
pin hole is 493 N-m. Calculate stress if the cross section of the arm  9 x 11.4 cm is reduced by 2.54 
cm hole. 
 
Fig 3.9, 3.10 

 
 
 
 
                  d 

2 
  ( b - a ) 

I / c  =  ------------------------------------ 
                      6 
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             (11.4 / 100) 
2 
 x ( 9/100   - 2.54 / 100 ) 

        = ------------------------------------------------------ 
                       6 
               
        = 0.00007929 
 
 
           M                        493 
f = -----------------  = ------------------------------ = 390 x 10 

4 
 N/m

 2 

           I  / C               0.00007929 
Double arm 
 
Fig 3.10 
 
Bearing strength on inclined surface at the angle to direction of grain. 
 

 f a  = f  Sin
 2 

 α  + n Cos
 2   α 

 
 Where  α = Angle of inclination of load to direction of grain 

 
Cross arm brace 
 
Galvanized steel bolt to cross arm and fastened to pole by lag screw. 
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2.5 State pole and line installation technique 
 

 All poles framing materials must be delivered in the worksite to exact designated positions. 

 All structures must be assembled or framed and placed so as to be set without moving equipments 

 All holes are dug. 

 The setting rig must come by , set the pole and hold it until tamping or backfill crew can screw it. 
 
Construction foundation 
 

 Prepare foundation (Types of foundation and methods will follow) 

 Deliver materials to site 

 Assemble 

 Erect 
 
Maximum conductor tensions are specified. 
 
Tension (N/m)     Heavy         Medium               Light 

4.4              2.9                     0.73 
 
Line planning  
 
Line profile drawing 
 
Plan profile drawings are the drawings that show a topographical contour map of the terrain along and 
near the worksite and a side view profile of the line showing elevation and towers. 
 
The transmission line plan profile drawings serve as a worksheet and eventually shows what is to be 
done and the problems involved. Initially the drawings are prepared based on a route survey showing 
land ownership. The locations and elevations of all natural and man made features are to be crossed 
if they are adjacent to the proposed line. The drawings are then utilized to complete the line design 
work such as structure spotting. During material procurement and construction, the drawings are used 
to control the purchase of materials and to prepare the construction specific drawings. 
 
After the construction, the final plan profile drawings become the permanent records of property and 
data which is useful in line operation, maintenance and in planning future modifications. 
 
Line Drawing Sheet 
 
Important aspect of line drawing. 
 

 Accuracy 

 Clarity 

 Completeness 

 To ensure economical design and construction 
 
Provisions are to be noted with brief description of the revision. Errors in plan profile drawing can 
cause the construction error. Final field check of the structure site should reveal any error.  
 
Scale 
 
2.5 m to 1 mm for horizontal scale 
25 cm to 1 mm for vertical scale 
 
The plan profile should accommodate 1 Km of line. 
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The scope format for a plan profile drawing is shown in Fig 4.1. Increase in stations and structure 
numbering usually proceeds from left to right with the profile and corresponding plan view on the 
same sheet. 
 
Existing features are to be crossed by transmission line including the height and positions of power 
and communication lines should be shown and noted by station and description in both the plan and 
profile views. The magnitude and directions of all direction angles in the line should be given and 
referred in plan and elevation. 
 
Fig 4.1 

 
Final drawing 
 
The conductor and ground wire sizes, design tensions, ruling span and the design loading conditions 
should be shown on the first sheet of the plan-profile drawings. A copy of the sag template should be 
shown. The actual ruling span between dead-ends should be calculated and noted on the sheets. 
 
As conductor sags and structures are spotted on each profile sheet, the structure locations are 
marked on the plan view and examined.  Beginning with initial preparation, accuracy, clarity and 
completeness of the drawings should be maintained to ensure economical designed and construction. 
All revisions made subsequent to initial preparation and transmittal of the drawings should be noted in 
the revision blocked by date and with brief description of the revision.  
 
Drawing preparation begins with an aerial survey followed by a ground check. The proper translation 
of these data to the plan-profile drawings is critical. Errors that occur during this initial stage affect line 
design because graphical method is used to locate the structure and conductor. The final field check 
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of the structure site should reveal any error. Normally plan-profile ensure that the locations are 
satisfactory and do not conflict with existing features or obstructions. To facilitate preparation of a 
structure list and the tabulation of the number of construction units, the following items , where 
required should be indicated at each structure station in the profile view. 
 

1. Structure type designation 
2. Pole height and cross height of tower 
3. Pole top, cross arm or brace assemblies. 

 
Fig 4.2, 4.3, 4.4, 4.5 

 
 
2.6 Recall regulations pertaining to overhead lines 
 
 
 

Wind loading                                                    α/ 2 

 
 
 
 
 
 
Line tension                                            Resultant force on insulator due to change of direction 



 4 
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Regulation 12- Protection against corrosion 
 
All iron and steel fittings must be protected by galvanizing or other suitable means. It is necessary to 
have a minimum deposit of 160 grams of zinc / square meter and hot dip galvanizing should be called 
for any specification for line fittings. 
 
Regulation 13- Insulation 
 
There must be of adequate strength pin insulators must not be used for strain or termination 
construction .Where the direction of an over head conductor is changed , there is a resultant load 
acting on the insulator in addition to the possible wind loading 
 
Permissible line deviation 
 
Resultant force on pin = 2 T Sin α / 2 + W l  l Cos α / 2 
 
For small angle, Cos α / 2 = 1 
 
Thus Resultant force on pin = 2 T  Sin α / 2 + W l  l 
 
Where  
 
Wl  = Wind load on conductor  N/m = Wind pressure x Diameter of conductor x 1 m length 
 
l    = Span length in metre 
 
T   = Maximum tension in conductor (N) 
 
α  = Angle of line deviation 
 
Problem 
 
Determine the maximum deviation allowed on 11 KN pin insulator for a 7/ 3.50 hard drawn copper 
conductor with a span of 150 m. The ultimate strength of the conductor is 26600N. The wind load is to 
be taken as 500 Pa and the diameter of the conductor is 10.5 mm. Tension in conductor must not be 
more than 50% of ultimate strength. Transverse loading on pin insulator is not to exceed 40% of 
ultimate strength. 
 
Wl  = Wind load on conductor  = 500 x 10.5 x 10

 -3 
 = 5.25 N/m    l = 150m 

 
Pin load = 2 T  Sin α / 2 + Wl  l 
 
40 x 11000     2  x  26600    Sin α / 2     + 5.25 x 150 
---------------- = ------------------- 
100                            2 
 
                          3612.5 
Sin α / 2     =   -------------- 
                         26600 
 
      α / 2     =  7.8 ˚ 
 
         α       = 15.6 ˚  Angle of deviation 
 
Regulation 14  Loading condition 
 
Wind load  = 500 Pascal 
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Regulation 15 Aerial conductor 
 
All conductors must be stranded and all normally available materials are allowed. 
 
Regulation 16 Conductor sag and tension 
 
The condition specified in this regulation must be known 
 
Regulation 17 Foundation for support 
 
The foundation for support for aerial conductors must be capable of bearing any load to which they 
are likely to be subjected. 
 
Staying of pole 
 
Staying of pole is usually necessary on high voltage lines and terminations and all intermediate poles 
where there is a large deviation in the line. Similar staying may also be needed for poles with lines up 
to 650V if the soil is of poor bearing quality. 
 
Regulation 18 Support 
 
The percentage of ultimate strength of various parts of overhead line 
 
Steel  50%   Wood  25 %   Stay wire/ Insulator  40% 
 
For insulator, maximum tension which can be applied without causing the insulator to puncture and 
fracture when a voltage of 75% of the dry flash over voltage is simultaneously applied to the insulator. 
 
 
Regulation 19 Earthing and insulating metal work 
 
Earthing prevents the potential of exposed metal work within 2.4 m of the ground from exceeding a 
sustained voltage of 32 V ac. 
 
Essential components of staying pole 
 

1. Galvanized stay wire of suitable strength 
2. Strain insulator to insulate the strain wire within 2.5m of ground 
3. Wire rope grips from strain wire preset fitting  
4. Stay anchorage 
5. Batten 

 
Fig 4.6 
 
Regulation 20  Prevention of unauthorised climbing 
 
Install anti climbing guard and attach danger sign 
 
Regulation 21 to 26 cover over head service lines specification to service line. 
 
 
Regulation 28 Size of conductor 
 
For 650 V   7/ 1.25 copper conductor is used 
                   7/ 1.75  all aluminium and aluminium alloy conductor are used 
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Regulation 29 & 30 Clearances of conductors from ground and structure 
 
The clearance stated must be known 
 
Regulation 33- Separation of conductors 
 
Same circuit or different circuit , the equivalent horizontal separation “ S “  to fixed support. 
 
 
S = 0.0076  + 0.3  x           D - 2.13                       + 0.083           D          x d 

 2
    

                                                                                                                          
                                                                                                                    w r 

Where 
 
S   = Equivalent horizontal spacing in metres 
D   = Sag (m) at 50˚ C  and no wind 
d   = Overall diameter of conductor in mm 
w r  = Resultant load (N/m) due to gravitational force on conductors and 500 Pa horizontal wind load  
        on the conductor 
 
Minimum separation 
 

 Minimum separation between conductors of the same circuit should be 0.38 m up to and including 
11 KV + 10 mm / KV in excess of 11 KV. 

 The minimum separation between conductors of different circuits should not be less than 0.6 m up 
to and including 650 V and 1.2 m up to and including 33 KV. 

 

 Where suspension insulators are used and are not restrained from movement, the separation 
required by above should be maintained with insulator swing of 45 ˚ from vertical position  of one 
string only. 

 
Distance between insulator and cross arm 
 
450 mm  -- Clearance between the insulator on cross arm for medium voltage 
 
600 mm  -- Clearance at the insulators on the cross arm for 11 KV 
 

Span Spacing 

 Not exceeding 9 m 

 Exceeding 45 m and not exceeding 60 m 
 

0.2  m 
0.45 m 

 
 
When line deviation exceeds 30 degrees, use twin cross arm construction with shackle insulators so 
that each cross arm is at right angle to direction of line. 
 
Regulation 35 
 

 Automatic interruption to supply in the event of fault condition 

 This regulation applies specially to overhead lines of voltages in excess of 650 Volts 

 The automatic device should operate within 2 seconds for fault current equivalent to the maximum 
progressive values. 
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3.1 Determine the construction features and insulation abbreviations of underground power 
cables 
 
Fig 5.1 

 
Cable 
 
The majority of cables used for distribution works are impregnated paper insulated cables with a lead or 
lead alloy sheath. 
 
AS 1026 standard is applied. 
 

Properties Unit Annealed copper 99.5 % Purity 
Aluminium ¾ H 

99.5 % Purity 
Aluminium as 
extruded 

Density g/ cm 
3 

8.89 2.703 2.700 

Resistivity  Ohm at 20 ˚ C 1.7241 x 10
-8 

2.8264 x 10
-8

 2.803 x 10
-8

 

Temperature 
coefficient of 
resistance 

Per ˚ C 0.00393 0.00403 0.00403 

Melting point ˚ C 1083 658 658 

Coefficient of 
elongation 

Per   ˚ C x 10
-6 

17 23.8 23.8 

Ultimate tensile 
strength 

K Pa 241 124 83 

 



¾ H  -- ¾ Hard    
 
Types of cables 
 

 Single core cable 

 Belted cable 

 Screened cables 

 Multicore SL Cables 

 Multicore HBL Cables 

 Oil filled cables 

 Gas filled cables 

 Plastic insulated cables 
 
Rating factor 
 
Tables of current ratings for cables always specify some ambient temperature and the number of cables 
which are in close proximity. 
 
In practice , the ambient temperature may be higher than that used for design conditions and so reduced 
current rating must be used. 
 

Maximum conductor 
temperature 
˚ C  

Rating factor  

 Ground temperature for cables 
laid direct or in ducts 

Air temperature for cables laid in air 

 

 15˚ C 20˚ C 25˚ C 30˚ C 25˚ C 30˚ C 35˚ C 40˚ C 45˚ C 

 
60 
65 
70 
80 

 
1.14 
1.12 
1.11 
1.09 

 
1.07 
1.06 
1.05 
1.04 

 
1.0 
1.0 
1.0 
1.0 

 
0.92 
0.96 
0.94 
0.95 

 
- 
1.26 
1.22 
1.16 

 
- 
1.18 
1.15 
1.12 

 
- 
1.10 
1.08 
1.06 

 
- 
1.0 
1.0 
1.0 

 
- 
0.89 
0.91 
0.93 

 
 
Current rating of cables 
 
The current rating of cables is determined by 

 The thermal capacity of the cable 

 The voltage drop 

 Short circuit capacity 
 
Sheath current 
 
Sheath currents may be divided into two kinds, namely  
 

 Currents whose outward and return paths lie entirely in the sheath of one cable - sheath eddies 

 Currents whose outward and return paths are formed by the sheath of separate cables- sheath 
circuit eddies 

 
Conditions 
 

1. Where cables are fixed to a vertical surface or wall the distance between the wall and the 
surface of the cable should not be less than 20 mm 

2. Cables of which the cross sectional area does not exceed 185 sq mm should be installed at a 
distance between centres of not less than twice the overall diameter of cable 

3. Cables of which the cross sectional area does not exceed 185 sq mm should be installed at a 
distance between centres. 



4. Cables should be removed from iron and steel other than cable supports 
 
Conductor temperatures 
 
Maximum permissible continuous conductor temperature for paper insulated cable. 
 

Voltage rating of cable (KV) Type of cable Maximum permissible 
temperature ˚C 

0.6 / 1 
1.9 / 3.3 
3.8 / 6.6 
6.35 / 11 
 
 
 
12.7 / 22 
19 / 33 
 

All types 
 
 
Single core 
3 cores-Belted 
3 cores-screened 
 
All types 
 

80 ˚C 
 
 
70 ˚C 
65 ˚C 
70 ˚C 
 
65 ˚C 
65 ˚C 

 
3.2 Calculate cable voltage drop in relation to length of cable run  
 
The actual voltage drop (Vd) for a particular cable in given circuit is calculated using the equation. 
 
           Vc x L x I 
Vd = ------------------ 
               1000 
 
Where  
 
Vd = Actual voltage drop in volts 
Vc = Unit voltage drop in millivolts per ampere metre (mv / A-m) 
L   = Route length of circuit  
I    = Current to be carried by the circuit (Usually maximum demand) 
 
           1000 x Vd 
Vc = ---------------------- 
              L x I 
Single and three phase voltage drop 
 
Conversion of the unit voltage drop Vc ( mv / A-m) 
 
3 Phase  Vc = Single  Vc  x  0.866 
Single phase Vc= 3 Phase Vc / 0.866 
 
Conversion of the actual voltage drop Vd (Volts) 
 
3 Phase Vd = Single phase Vd  x     3 
 
 
                                   3 Phase Vd 
Single Phase Vd = ------------------------ 
          
                                             3 
 
 
 
 
 
 



Cable selection based on voltage drop 
 
                                                                                                                                           Load 
Consumer  
terminals   
 
                      
             
            Cable selection based on voltage drop       Cable selected on current carrying capacity sizes and  
                                                                                 voltage drop are known 
 
Problem (1) 
 
Calculate the voltage drop in each segment of a 3 phase  400 volt non-domestic installation consisting of 
the followings. 
 
Consumer main 
 
Phase = 3           Maximum demand  45 Amp      Route length  = 25 m 
 
Cable size 16 mm 

2 
  

Cable configuration    V90 Single core thermo plastic and sheathed copper conductor 
 
Cable installation  
The circuit is enclosed in heavy duty rigid thermoplastic conduit with no other circuits. Conduit is buried in 
the ground having an ambient soil temperature of 25 ˚C and has a top cover of 0.65 m. 
 
Sub main 
 
Phase = 3 Maximum demand = 35 A, Route length = 35 m 
Cable size = 10 mm

2 
  

 
Cable configuration  
 V90 Single core thermoplastic and sheathed copper conductors structure in trefoil formation and 
installed in single circuit configuration unenclosed in air    
 
Final sub circuit 
 
Phase = 1  Maximum demand = 20 Amp   Route length = 35 m 
Cable size = 4 mm

 2 

 

Cable configuration - V90 two cores and earthed thermoplastic and sheathed copper conductors 
Cable installation - The cables are clipped to the building structure and installed in single circuit 
configuration     , unenclosed in air. 
 
Does this portion of the installation comply with the voltage drop requirement of AS/NZS 3000 ? 
 
 
Consumer main 
 
V90 single core / enclosed in conduit-- Select Table 41  (Page 81 of AS/NZS 3008   1.1  1998) 
 
              1000 x  Vd 
L  = ------------------------------- 
                  I x Vc 
 
               1000 x Vd                                      25 x 45 x 2.55 
25 = ------------------------------  Thus Vd = ----------------------------- = 2.868  (3 phase voltage drop) 
                  45 x 2.55                                            1000 
 

MSB 



                                                      2.868 
 For single phase voltage drop = -------------------- = 1.655V 
 
                                                          3  
 
Sub main 
 
V90   cables are clipped to building structure in trefoil formation. 
 
Select Table 40  (Page 80 of AS/NZS 3008   1.1  1998) 
 
 
              1000 x  Vd 
L  = ------------------------------- 
                  I x Vc 
 
                   L x I x Vc                  35 x 35 x 4.05 
Vd = ------------------------------ = ------------------------------ = 4.96V (3 phase voltage drop) 

1000 1000 
 
                                                           4.96 
For single phase voltage drop = ---------------------- = 2.86 V 
 
                                                               3 
 
Final sub circuit 
 
V90  two cores 
The cables are clipped to the building structure and installed in single circuit configuration unenclosed in 
air. 
 
Table 42  Page 82 
                                                   3 phase Vc                     10.2 
Single phase Vc = -------------------------------------- = ------------------------- = 11.77  
                                                       0.866                          0.866 
               1000 x  Vd 
L  = ------------------------------- 
                  I x Vc 
 
                 L x I x Vc                      35 x 20 x 11.77 
Vd = ------------------------------- = ---------------------------- = 8.23 V 

1000 1000 
Total single phase voltage drop = 1.655 + 2.86 + 8.23 = 12.7 V 
 
                           5 x 240 
5% of 240 V = ----------------- = 12.V 
                             100 
 
The actual voltage drop 12.7 V is higher than limitation 12 V .  
 
It does not comply with AS/ NZS 3000:2000.  
 
 
3.3 Recall techniques to reduce electrical stresses on cables 
 
To reduce the stress 
 
1. Stand properly 
2. Careful in bending / cutting/ removing insulation 
3. Follow the proper procedure in connection 



4. Take account on external conditions 
5. Take account on temperature 
6. Take account on installation conditions 
7. Set appropriate tension of conductors 
8. Select appropriate materials to enclose cable. Select appropriate cable materials for relevant 

condition. 
 
Implication and type of duty 
 
Current condition, voltage drop consideration, operating voltage 
 
Bending of cable 
 
Excessive bending of cables during their installation will reduce their working life. 
 
Temperature rating 
 
V75    -- Working temperature 75 ˚C 
V105  -- Working temperature 105 ˚C 
 
Polytetrafluorethylene (PTFE) -- Working temperature 200 ˚C 
 
Enclosure of cables 
 

 Determine overall cross sectional area of each cable to be installed in conduit/ trench / cable way 

 Calculate total overall cross sectional area of all cables to be installed in conduit / trench / cable way 
trunk. 

 Determine required conduit / trench / trunk size 

 Check the proposed conduit enclosure will conform to the requirement of regulations. 
 
Type of conductors 
 
Copper 
 

 High conductivity per unit area 

 Easily mechanically joined (or) soldered \ 

 Expensive 

 Resistant to corrosion 

 Stronger than aluminium 
 
Aluminium 
 

 High conductivity per weight 

 Must be joined with a joining paste since aluminium oxide , an insulator forms almost immediately 
after cleaning. 

 Cheaper than copper but it’s coefficient of expansion must be taken in to account when joining. 

 It is not as resistant to corrosion 

 Weaker than copper 

 When used in installation such as aerials, aluminium cable is usually steel cored to add strength 
 
Performance of cable insulation material will be drastically affected if the cable is exposed to weather, oil, 
abrasion and chemicals 
 
3.4 Recall cable rating factors, method of cable joining  
 
Stripping cable 
 
Use knife / plier / stripper 



 
Termination- Solder / crimp  ----Adjustable crimper 10 to 120 mm

 2
 cable 

                                                 For large cables-- hydraulic crimpers are used. 
 
3.7 Recall cable testing techniques and methods to locate the fault 
 
Stress in 3 cores cable 
 
Even when the dielectric is homogeneous , the problem can not be solved with accuracy, and as the 
dielectric is never homogeneous because of the fillers, there is no point in quoting or working from 
formulae. There is a rotating electric field in the  3 core cable and the maximum stress occurs at the point 
nearest to the centre on the conductor at maximum voltage. 
 
It is however almost certain that this stress is not the determining factor in the life of the cable. It is  
normal for the paper and is more easily borne than the lower stresses which occur in and near the fillers 
and are tangential to the papers. It was found in the 3 core  33KV cables that  deterioration began in the 
fillers and warming and not at the point of maximum stress on the conductor 
 
 
 
Fig 5.2 
 

 
 
                                                                                             E 
Stress without sheath =   S max without sheath = -------------------------------  Volt / mm 
 
                                                                                    ½  d   Ln D/d 
 
                                                    2      E rms 
E = Peak voltage per phase = --------------------------------- 
 
                                                             3 
 
 
                                                                  S max without sheath 
Stress maximum with sheath = -------------------------------------------------------- 
 

                                                      3        ( 1 + α   +  α 2 
)    

 
 
 
For double sheath 
 
                                           E 
E 2  =  ----------------------------------------------------------------    
                                  1                           1 
             1   +   ------------------    +  -------------------   

                                    α                    α 2 

 



                                   1 
E 1  =   E 2   (   1 + -------------------  ) 

                                    α   
 
Problem 
 
A single core   66KV cable has a conductor diameter of 2 cm and a sheath of inside diameter 5.3 cm . 
Find the maximum stress. If two inter-sheaths are used, find the best positions, the maximum stresses 
and the voltage on inter-sheaths. 

 
D = 5.3 cm   d = 2 cm    Thus  D / d =  5.3 / 2 =  2.65 
 

D / d =  α 3   Thus  α  =  3   2.65          = 1.384 

 
                                         
 
                                                    66    x       2 
Peak voltage on conductor =  -------------------------   = 53.8 KV 
 

3 
 

 
 
                                           E 
E 2  =  ----------------------------------------------------------------    
                                  1                           1 
             1   +   ------------------    +  -------------------   

α                    α 2 

 

53.8 
      

=  ----------------------------------------------------------------    
                                  1                           1 
             1   +   ------------------    +  -------------------   

                            1.384                  1.384
 2 

  

                                                      
 53.8 

    = -------------------------------------------------------------------- 
                              1                               1 
       1   +   ------------------    +  -------------------   

1.384                  1.91 
 

    =  23.9 KV 
 
                                    1 
E 1  =   E 2   (   1 + -------------------  ) 

α   
1 

= 23.9 (   1 + -------------------  )   = 41.1 KV 

                            1.384  
 
                                                                 Peak voltage 
Maximum stress without inter-sheaths  =  --------------------------- 
 
                                                               ½  d  Ln  D / d 
 
                                                                     53.8 
                                                              = -------------------------------- 
                                                                  ½  x 2 x Ln  5.3 / 2 



 
                                                                     53.8 
                                                              = -------------------------------- 
                                                                   Ln 2.65 
 
                                                               = 55.3 KV/ cm 
 
 
 

                                                                  S max without sheath 
Stress maximum with sheath = -------------------------------------------------------- 
 

                                                      3        ( 1 + α   +  α 2 
)    

 
 

                                                                  55.3 
Stress maximum with sheath = -------------------------------------------------------- 
 

                                                      3        ( 1 + 1.384   +  1.384
 2 

)    

 
 

                                                                 55.3 
Stress maximum with sheath = -------------------------------------------------------- 
 
                                                      3        ( 1 + 1.384   +  1.91

 
)    

 
 
                                             = 38.7 KV / cm 
 
Sheath effect 
 
The currents induced in the sheaths are of two kinds. 
 
Sheath eddies  - Whose paths lie in the sheath of a single cable and which flow even when the sheaths 
are isolated from each other. 
 
Sheath current eddies – Whose paths lie in the sheaths of separate cables and flow only when the 
sheaths are bonded. 
 
Sheath eddy paths 
 
Fig 5.3 
 

 
 



 

 
L = 2 ln d / r 
 
                  d 
M = 2 Ln ------- 
                 D / 2 
 
                     d 
Flux =0.4 Ln ------- 
                     D / 2 
                                                d 
Induced voltage = 4 w I Ln ------------- x 10 

–9 
 Volt / cm length 

                                                D / 2 
 
Capacitance in 3 core belt type cable  
 
Fig 5.4 

 
 
Conductor 2 and 3 are connected to sheath and measure the capacitance between conductor 1 and the 
rest. 
 
              V 
Xc = -----------   
               I 
 
     1                          V 
------------------   =  ----------- 
 2         f c                  I 
 
              I 
C = ------------------------- 
       V x 2  x        x f 
 
 
 
 
 
 



Fig 5.5 

 
Total capacitance = Cs + 2 cc 
 
 Thus  Ca = Cs + 2 Cc------- Eq 1 
 
Allconductors are connected and the capacitance be measured between conductor 1 and the rest. 
 
Fig 5.6 
 

 
 
Cb = 3 Cs -------------- Eq 2 
 
                        1 
Thus  Cs = ----------  Cb 
                         3 
 
By this way the capacitance to sheath is measured. 
 
Then the capacitance between conductor is clculated 
 
Ca = Cs + 2Cc 
 
           1 

 Ca = ----- Cb + 2 Cc 
3 
                            1 
Cc = ½ ( Ca -  --------  Cb ) 
                            3 
             Ca              Cb 
Cc = ---------   -   -------------- 

2 6 
 
By this way the capacitance between conductor is measured. 



 
Problem 
 
Conductor 2 and 3 are connected , measured capacitance between conductor 1 and the skin in 6 micro 
farad.  
 
All conductors are connected, measure the conductor and the skin is 4 micro farad. 
 
Calculate  Cs and Cc. 
 
When all conductors are connected 
 
           1 
Cs = ------- Cb 
           3 
 
           1 
Cs = --------- x 4 = 1.333 micro farad 
           3 
 
When  conductor 2 and 3 are connected. 
 
Ca = Cs + 2 Cc 
  
6 = Cs + 2 Cc 
 
Cs + 2 Cc = 6 
 
1.33 + 2 Cc = 6 
 
                   6 – 1.33 
Thus  Cc = -------------  = 2.335 micro farad 
                        2 
 
 
Capacitance to neutral Co 
 

                                                   0.048  έ                                           1 

Co = ---------------------------------------------------------------------------------------  x   -----------   micro farad / Km 
                             T + t                                 t                        t 

2                                  
 1.609

 

           Log [ 1 + --------------    { 3.84 -  1.7 ----------  + 0.53 ----------- } ] 
                               d                                    T                       T

 2 

 

Fig 5.7 

 
 
                         d = Conductor diameter 
                         T = Thickness of conductor insulation 
                          t = Thickness of belt insulation 

                         έ = Dielectric constant 



 
Problem 
 
Diameter of conductor = 1.65 cm     Dielectric constant = 3.6  
Conductor insulation = 0.508 cm      Thickness of belt = 0.43 cm   
Calculate Co . 
 
                                  0.048 x 3.6                                                                                        1 
Co = ---------------------------------------------------------------------------------------------------  x ----------------- 
                             0.508 +0.43                         0.43                       0.43 

2                                      
1.609 

           Log [ 1 + ------------------    { 3.84 -  1.7 -------------  + 0.53 ----------------- } ] 
                               1.65                                    0.508                     0.508

 2 

      0.48 x 3.6             1 
= ------------------- x ----------  =  0.26 micro farad / Km  
         Log 2.57        1.609 
 
Cable testing technique and methods to find the location of cable fault 
 
Fault finding methods 
 
(1) Sectionalizing --- Divide the line route in to smaller sections. Test each section 
 
 
(2) Thumping—Supply high voltage in to faulted cable resulting high current arc makes a noise loud    

enough to hear it by tester above the ground. Applied voltage is 25 KV.  
 
 Disadvantage --- It can degrade the insulation 

 
 
(3) Time Domain Reflectory (TDR) 
 
Send a low energy through the cable causing no insulation degradation . Perfect cable returns the signal 
in a known time and known profile. 
 
Impedance variation in cable alter both time and profile which TDR screen or print 
 
Weak point  - It does not pin point the fault. 
 
(4) High voltage radar method 
 

 Arc reflection 

 Surge pulse reflection 

 Voltage pulse reflection  
 
Arc reflection -------Use TDR and Thumper  -----  It provides appropriate distance to fault 
 
Surge reflection ----Use current coupler and storage oscilloscope  - It  can find the difficult faults 
 
Disadvantage  -- High out put surge can damage the cable and it needs skill to interpret. 
 
 
 
(5) Voltage pulse reflection 
 
Voltage pulse reflection uses a voltage coupler and analyzer with a dielectric test set of proof tester. 
 
This method provides a way to find faults that occur at voltage above the maximum thumper voltage of 
25 KV. 
 



Open neutral 
 
Open neutral and bare neutral can be corroded quickly in contaminated soil that holds corrosive 
chemicals or excessive moisture 
 
Open neutral often thwart the effectiveness of  high voltage radar. 
 
Test to detect open neutral 
 
Shorting a known good conductor to suspect neutral. 
Measure the resistance with ohm meter 
Reading 10 ohm or higher, it can be suspected that there is an open neutral. 
 
 
Use of TDR method 

 
When the neutral is open, there will be no reflected pulse. If TDR displays the open neutral, AC voltage 
gradient test set can locate the break in a direct buried unjacketed cable. 
Test set transmitter forces AC current to flow through neutral. , then detect the resulting voltage gradient 
in soil. 
 
Equipments applied for cable fault location 
 
TX 2001 TDR  cable fault locator 
Megger  cable fault locator 
Computerware   TX 2002 / 2003 
 
 
 
 
 

  
 
 

 
 
  
 
 
 
  
 
 
 

  

 
 

  
 

 
 
 
 
 
   
                                
 
 
 
 



 
 

 
 
 
 
 
 
 
 
 
                             
 
 
 
 
 
 
 



3.5 Apply cable schedules for underground reticulation scheme 
 
Cable laying 
 
(1) Direct laying (2) Draw in system (3) Solid system 
 
Direct laying 
 
A trench is dug in which the cable is laid, covered with soil. The cable may be protected by planks, 
bricks, tiles or concrete slabs. Cable should be armour cable. If the ground contains harmful chemicals, 
the serving must be adequate to protect the cable from corrosion and electrolysis. 
 

 
Draw in system 
 
A line of conduits, ducts or tubes is laid in trench. The tubes are of glazed stoneware, cement or 
concrete. The cables are pulled into the position from manholes or brick pits. It is unnecessary to armour 
the cable but a serving of heasian type of jute protects the cable when drawing in.  
 
Solid system 
 
The cable is laid in throughing in open trench. The throughing is of stoneware, cast iron, asphalt or 
treated wood. After the cable is placed in position, the throughing is filled with a bituminous or asphaltic 
compound and covered over. Cable can be laid with a bare sheath and is immune from electrolysis as 
the sheath is electrically insulated from earth.  
 

 
 

 
 
 



 
 
3.5 Apply cable schedules for underground cable installation 
 
Joining 
 
The most common way of joining the conductors is to insert the ends into a ferrule which is a slotted 
metal tube, and solder the whole solid.  
 
With oval cables, the ferrule is made in two halves which can be turned with respect to one another in 
order that the cables need not be twisted to make their axes parallel. Packing adaptors are being used. 

 
Method 
 

1. Lead sheath is cut back 60 cm, the paper in 7 cm. 
2. Load sleeve, lead flame, paper tube are passed back along the conductor. 
3. The ferrule is put on and the parts are soldered together. 
4. The paper is pencilled back 3.2 cm and metallised paper is cut back to within 3.8 cm of lead. 
5. The paper tube is slipped into position and fixed by 4 narrow wedges 
6. Which are jammed by layers of oiled silk tape 
7. Joint is filled with compound. No air will be on trapped  
8. Oil proof tape is wrapped over the end of lead sheath to prevent oil from flowing from the joint 

into cable 
9. Lead flame is placed in position and lead wire is wrapped on 



10. Lead sleeve is put in position and plunked at the ends and middle 
11. Bending strands are fixed 
12. Joints is filled with oil 

 
 

                                                         ρ              D 
Insulation resistance of cable =  ------------  Ln ---------- 
                                                    2        L            2r 
 
Conductor radius = r         Internal sheath radius = 1/ 2   D 
 
 
 
Problem 
 
Find the insulation resistance per Km of cable of conductor diameter. 1.6 cm and internal sheath 
diameter is 5.08 cm.  ρ  = 6 x 10 

14 
Ω-cm 

 

                                              ρ                   D 

Insulation resistance of cable =  ------------  Ln ---------- 
                                                    2        L            2r 
 
 
                                              6 x 10 

14 
                          5.08 

Insulation resistance of cable =  -----------------------------  Ln ---------- 
                                                    2 x 3.14x 10 

3 
x 10

2
             1.6 

 
                                               = 0.955 x 10 

9 
x Ln 3.175 

 
                                               = 0.955 x 10 

9
 x 1.155 

                                               = 1.103 x 10
3 
MΩ 

                                               = 1103 MΩ 
 
Problem 
 
In above problem, if the cable is subject to 66KV  3 phase line, find dielectric loss. 
 
E line = 66 KV 
 
                66 x 10 

3
 

E ph = -----------------  = 38104 V 
 
                   3 
 
                                                Eph 

2 

Therefore dielectric loss = ----------------------- 
                                              R insulation 
 
                                               38104 

2 

Therefore dielectric loss = ----------------------- 
                                              1103 x 10 

6 

Therefore dielectric loss = 1.316 watts 
 
Underground cables 
 

Low tension cable -- Below 1000V 
 
Insulation material may be impregnated paper, varnished cambric, vulcanised rubber or vulcanised 
bitumen 
 



Insulation 
 
Thickness of dielectric at 660 V between 0.2 cm and 0.28 cm 
Varnished cambric is coated with petroleum jelly to provide lubrication between layers so that bending of 
cable is possible without damage 
 
Vulcanised bitumen - Refined bitumen is melted and sulphur and vegetable oil are added. 
 
Sheath 
 
Lead sheath - Vat field of use 
 
 
3.6 Describe techniques used to install cable and associate equipments 
 
Ducts 
 
To expand future installation 
 
Iron / reinforced concrete/ steel pipe/ wood / fibre/ plastic 
 
 
Fig 6.4 
 
 

Duct type Cost of construction Ability to radiate heat Cost of support 
 

 

 
 
 
 

Expensive Best Best 

 

 
 
 
 

Moderate Very good Very good 

 
 
 
 
 

Moderate Very good Good 

 
 

 

Cheapest Very poor Very poor 



 
Service boxes 
 
Secondary mains are installed in ducts buried at shallower depths than those carrying primary conductor. 
Precast reinforce concrete is used. 
 
Cable manhole 
 

 Rectangular for straight  line conduit construction. 

 Square for accommodating from 4 directions. 
 
Fig 6.5 
 
Transformer Manholes 
 
Transformer manholes are designed to contain transformers and other equipments for radial or network 
system. 
 
 
 
Fig 6.6 

 
 
Design loading on manhole 
 
                                        Wheel load ( 1 +  % Impact / 100) 
Concentrated load = ---------------------------------------------------------------- 
                                                         Wheel Area 
 
 
 
 
Problem 
 
Wheel load 9576 Kg , imposed 50% for heavily travelled street under which truck traffic may be concrete. 
Wheel area is  15.5 cm x 30.5 cm 
 
Calculate concentrate load on manhole cover. 
 
 
 
                                        Wheel load ( 1 +  % Impact / 100) 
Concentrated load = ---------------------------------------------------------------- 
                                                         Wheel Area 
 
 
                                        9576 ( 1 +  50 / 100) 
Concentrated load = ---------------------------------------------------------------- 
                                           15.5 x 30.5 x 10

-4 

 



                                                                 
14364 x 10

 4 

                              = ---------------------------------------------------------------- 
                                           472.75 
 
                              = 303839 Kg / m

2 

 

Roofs 
 
Manhole roofs are designed as a series of structural steel beams or rail or reinforced concrete with extra 
reinforcement or structural steel to support manhole frames 
 
Wall 
 
Manhole wall designs are based on the horizontal component of the effect of both line and dead loads 
acting on the walls. 
 
Floors 
 
In the design of manhole, floors , the load bearing power of the soil and the height of the water tube play 
an important part. The soil most support the weight of the manhole structure its contents and any 
imposed surface level loads. 
 
Frame / covers 
 

 Made of cast iron/ malleable iron/ steel 

 Are designed to withstand the loadings of traffic 

 May be made of reinforce concrete 
 
Ventilation 
 

 Principal heat source is power loss in windings 

 Tube ventilation  is natural ventilation 

 Large conductors are put in separate ducts 

 XLPLE/ Lead/ Plastic insulation are used. 
 
Fig 6.7 Cross section of joint 
 
Underground Equipments 
 
transformers, oil filled cutouts and oil switches for use underground are hermetically sealed so as to be 
water proofed 
 
Such submersible equipment is usually of welded construction. Wiping sleeves are welded or brazed 
directly to the tank or terminal chamber to which cable sheaths are attached. 
 
Barriers in the conductors prevent the equipment oil from being siphoned into the cables. 
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4.1 Recall the terminology used in relation to voltage profile 

 

Voltage regulation 

 

The voltage regulation is defined as the percentage rise in voltage at receiving end when 

full load is thrown off, the sending end voltage is unaltered. 

 

                              Es  - Er 

Regulation = -----------------   x 100 % 

                                  Er 

 

                          I R Cos φ r  + I X Sin φ r 

                    = ------------------------------ 

                                 Er 

Off load tap changer 

Fig 7.1 

 
 

+/- 2 ½ % to +/- 5% of nominal voltage 

 

On load tap changer 

 

Fig 7.2 

 

 



 2 

Many transformers are provided with equipments for changing their voltage ratio under 

load. 

 

Booster transformer 

 

A separate transformer may be used to inject a variable voltage into a circuit for 

regulating purpose. 

 

Quadrature booster 

 

Injects a voltage with a major component at 90 degree to the existing voltage. 

 

Induction and moving coil regulator 

 

Ф output = Ф 1  + Ф 2   depending on the position of moving coil. 

 

 
 

 
4.2 Describe the reasons effects and limitation of voltage variation  

 

Voltage control 

All modern transmission systems with the exception of the constant current system, 

operate at a constant voltage . It is essential for the satisfactory operation of the 

consumer’s apparatus that the vltage be kept within narrow limit. 

 

Voltage drop 

 

The conductor must operate so that when the maximum current is being conveyed. The 

fall in voltage along the line is within certain limit. 



 3 

SAA Rule 

 

Fall in the potential in the consumer’s mains to any point on the installation does not 

exceed 5 % of the voltage at the commencement when full current is flowing. 

 

Medium voltage – variation within 6%  (Not exceed) 

Higher voltage—Variation within 10% (Not exceed) 

 

Power loss 

 

The power loss in the distribution feeders depends on the square of the current and the 

resistance of the feeder. His loss must be considered in relation to the capital cost 

involved in the erection of distribution line. 

 

4.3 Recall methods used in controlling voltage level 

 

Fig 7.5 

 
 

 

Er= Receiving end voltage 

 

Es =  [ ( Er Cosф r + I R )
2 

+ ( Er Sin ф r + IX)
 2 

] 
 ½ 
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                         Es  -  Er 

Regulation = -------------------------- x 100  

                             Er 

 

                        IR Cosф r + IX Sin ф r  

                   = -----------------------------   x 100 

                             Er 

 

Methods of voltage control 

 

Three general methods are available for controllling the voltage at the end of a 

distribution feeder . They are 

1. By controlling the sending end voltage 

2. By controlling the receiving end voltage 

3. By controlling the current in the line that is varying the power factor 

 

Voltage control equipments 

 

1. Off load tap changing transformer 

2. On load tap changing transformer 

3. Booster transformer 

4. Moving coil regulator 

5. Induction regulator 

 

Induction voltage regulator 

Fig 7.6 

 
 

V2 = V +/- V1 

V+/ - V1 = V2 

V= Input voltage 

V1= Injected series voltage 

 

Constant ratio distribution transformer 

 

Light load, zone transformer tap changer is set at 100%. 



 5 

Heavy load, transformer gives 10% boost 

 

Variable ratio distribution transformer 

 

Zone transformer 10% boost 

Variation of far distribution transformer off-load 

Tap changer   to 2 ½ % boost. 

 

Voltage regulation by control of current 

 

Fig 7.7 

 
4.4 Draw voltage profile using calculation to determine % voltage drop for components 

within the distribution feeders. 

 

Voltage profile 

 

Voltage profile charts are useful for studying pattern and to locate causes or reasons for 

abnormal voltage conditions. 

 

To make such a chart, a common voltage level is selected for the system and the circuit 

constants such as resistance and reactance are converted to this voltage by means of the 

formula.  

 

R 2  = ( E1/E2) 
2 

 R 1 

 

R 2  = Resistance referred to voltage E2 

R 1  = Resistance referred to voltage E1 

 

E1 and E2 are respective voltage levels. 
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Fig 7.8 

 
Voltage profile example 

 

The simplified single line diagram of a distribution system is shown in the figure. It is 

desired to keep the voltage within  + 6 % and -4% of the norminal voltage. 

 

Consumers 

A, B --- Distribution transformer T1 

C, D---- Distribution transformer T2 

 

Fig 7.9 
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Problem 

 

An industrial consumer takes a load of 100KVA at 0.8 Power factor lagging . Calculate 

the voltage at the consumer terminal . Given that supply transformer is a half kilometre 

away and has a sending end voltage of 433 Volts and the conductor has resistance  0.238 

Ω/ km and reactance of 0.296 Ω/ km. 

                        

                          100 x 10
3 

Line current = --------------------- = 133 Amp 

           

3 x 433     

 

V drop = I ( R CosΦ + X Sin Φ) 

            = 133 ( 0.119 x 0.8 + 0.148 x 0.6) 

            = 133 (0.0952 + 0.0888) 

            = 133 x 0.184 = 24.5V 

 

                                          433 

Receiving end voltage =  ---------  - 24.5 = 225.5 V / Ph or 390.5 V /line 

 

                                              3     

Problem 

 

From the given graph, determine the minimum voltage rating required for the direct laid 

single core cable so that a voltage rating of 0.6/ 1 KV can be achieved when  

(a) 2 circuits are in each group with spacing of 0.6 m 

(b) 3 circuits exist in two touching groups. 

 

Fig 7.9 
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(a) 

                                             

                                           0.6 

Phase to earth voltage = --------- = 0.652 KV 

                                         0.92 

 

                                            1 

Phase to phase voltage = ---------- = 1.087 KV 

                                          0.92 

 

(b) 

                                            0.6 

Phase to earth voltage = --------- = 0.91 KV 

                                            0.66 

 

                                             1 

Phase to phase voltage = ---------- = 1.52 KV\ 

                                            0.66 

 

Problem 

 

For the simplified single line diagram shown, draw the voltage profile for the following  

full load conditions 

 

 Full load system voltage at point A is 12.19 KV 

 Voltage drop in 11 KV supply is 212V 

 Voltage drop in 11 KV transformer is 318 V 

 Voltage drop in main is 2 V. 

 Voltage drop in sub-main is 10 V 

 Voltage drop in final sub circuit is 6 V. 

 

Use 415 V as nominal load voltage. 

 

Fig 7.10 
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Formula 

 

  V1           Voltage drop (1) 

------- = -------------------------- 

  V2           Voltage drop (2) 

 

 

Side Voltage drop Side Voltage drop 

11  KV line 12.19 KV 415 V   

11000            12.19  x 10
3 

----------- = --------------------- 

415 V2 

 

V2 = 459 V 

 

11 KV line 

drop 

 212 V 415 V  

11000           212 

--------- = ----------- 

415 V2 

 

V2 = 8 V 

  

11 KV 

Transformer 

drop 

318 V 415  

 11000         212 

--------- = ---------- 

415 V2 



 10 

 

V2 = 12 V 

  415 V 

main 

2 V 

  415 V 

Sub 

main 

10 V 

  415 V 

Final 

Sub 

circuit 

 

6 V 

 

 

 

   Real Power = V I Cos Φ (Single phase)     ,      3  V I Cos Φ  (Three phase) 

 

                        

 

                                                       Reactive Power = V I Sin Φ (Single phase)   

                       

Apparent Power                                                              3  V I Sin Φ (Three phase)   

 V I (Single Phase) 

 

3  V I (Three phase) 

 

 

        Φ1           Φ 2 

 

 

 

                                                            KVAR Improved =  KW (tan Φ 1 - tan Φ 2) 

 

                                                                                                  Vph 
 2 

                                                         KVAR improved =  ------------------- x 3 

                                                                                                    Xc 

 

Problem 

 

A phase load of 200 KVA 50 Hz is to have it’s power factor improved from 0.75 to 0.9. 

Calculate the size of capacitor bank required if the supply voltage is 415V. Sketch the 

connection. 

 

Use delta capacitor bank 

 

Φ 1 = Cos 
-1

0.71 = 41 
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Φ 2 = Cos 
-1

0.9 = 26 

 

Kw = 200 x 0.71 = 151 Kvar 

 

Kvar correction = 151 ( tan 41 - tan 26) = 65.2 Kvar 

 

               V
2                 

415 
2 

Xc= ---------  = ------------------- 

            Kvar      65.2 /3  x 1000 

           1 

C = --------------------  = 100 micro farad 

        2            f  Xc  

 

 

 

 

 

 

 

 

 

 

 



2.7 Measure ground level, deviation angles and compass bearing 
 
Linear measurement 
 
Measurement having only one dimension 

 
 
Angular measurement 
 
The measurement of the angles formed when two straight lines meet. 

 
 

 
Site surveying and levelling 
 
Scale of map 
 
1;25000---- Small scale map.  



 Planning large scale engineering works involving gradient of roads, sewers , pipes 

 Involve with the flow of rivers, street 

 When contour lines provide a means of solving problems intervisibility and clearance 
between points 

 To illustrate aspects of regional planning 
 
1:10000---Almost accurate drawn to scale. To accommodate road names. 
 

 Estate management, design of schemes for water supply  

 Geological surveying 

 Town planning 
 
1:2500-----Highly detailed map providing accurate information to fairly large scale 
 
1:1250------ Double management of 1:2500 
 

 All streets are named 

 Block plan , location plan when marking application for planning and building regulation 
approval 

 By designers for initial layout. 

 By statutory undertakings to record the positions of power lines. 
 
 
 
Survey stations 
 
A  survey station is a point of importance at the beginning (or) end of a chart (or) at the junction of 
one line with another. 
 
It is usually marked by an insertion into the ground of a vertical ranging pole. On the surface , this 
point may be marked by a stud. Stations should be placed as may be found convenient at the 
corner of area (or) at prominent points so that the lines joining them are as close as possible. 
 
The base line 
 
This is normally the longest of the chain line forming the pattern of triangle. It should , if possible 
be laid off on level ground through the center of the site and encompass the whole length of the 
area. A compass bearing  should be taken to fix its direction which in turn will fix the direction of 
all other lines and allow the position of north to be determined. All survey drawings require a 
drawn north point. 
 
 
Survey equipments  
 
Chain 
 
Typical chain pattern  The tags shown are for 20 m chain and may be of brass or plastics. 
Plastics tag may be attached at each whole metre positions with a different colour used at each 5 
m position. This is usual for chains longer than 20 m. 
 
Tapes 
 
A tape is used for taking subsidiary measurements in the field. It is suitable for taking off sets 
which are measurements taken from and at right angles to the chain line or to fix adjacent points 
as on a boundary. 



 
Laying down the chain 
 
The leader equipped with his ten arrow drags the chain until he is brought up by a gradual pull 
and directed into line by the followers. Once alignment effected , an arrow is inserted which 
marks the measurement of one length , care must be taken to ensure that arrows are inserted 
vertically and the side of vertical handle so that no error equally to the thickness of arrow or the 
thickness of the handle is in trouble. 
 

 

 
On hilly ground 
 
Very often , due to undulations of some size, the last station point can not be seen, the first , yet 
intermediate poles must be positioned for lining in the chain man. 
 



The difficulty may be resolved by tying two poles together although this is not very accurate or 
satisfactory, two other methods may be adopted as follows. 
 
Prism in Theodolite 
 
To see pole 
 
Clinometer  
 
To measure height 
 
Required drawing equipments 
 
Long steel straight edge parallel ruler, protractor 360 degree. French curve, Offset scale 
 
2.8 Perform basic survey of short distribution line , extension to produce field notes 
 
Surveying software 
 
Read the article 
 
― Re- engineering the Transmission Line Design Design Process   in 2.8 Perform basic survey of 
short distribution line extension to produce field  notes handout. 

 
 
2.8 Site Surveying 
 
Surveying Meanings 
 
Level Datum—It is the level line or surface that has been given to a value to which the heights of 
points above or below can be referred. 
 
Reduced Level (RL)—It is a value given to a point or surface that represents its height above or 
below , an assumed level datum. 
 
 
Bench Mark- Bench Marks are the points that have a reduced level value. 



 
 
Back Sight--- Back sight is the first reading taken from any instrument set up. It is always taken to 
a point which has a known RL 
 
Fore Sight – It is the last reading taken from an instrument set up . It is taken to a point where RL 
is known or where RL is required for further levelling. 
 
Intermediate Sight—It is any other reading taken from an instrument set up. 
 
Change Point—It is a point where RL may not be required but is used in series levelling so that 
the levelling process can be proceeded. 
 
Inverted Level--  It refers to the bottom inside RL of a pipe 
 
Temporary Bench Mark (TBM)—It is a location normally transferred from a bench mark as a 
convenient location for other heights to be noted or positioned. For example, they may be 
positioned close to a building being erected. 
 
 

 



 
Determination of height difference between two points 
 

                      Reading  Difference Height 

Station 1 Station 2  

0.812 1.013 0.201 

0.566 0.764 0.198 

 ADD The Difference 0.399 

 Average--- / 2 0.195 

 
Rise and fall calculation 
 
FALL 

 Second point value is bigger than first point--------- FALL 
 
RISE 
 

 Second point value is smaller than first point---------RISE 
 
 
 



Calculation of reduced level from known point by field surveying 
 
                                                                                                   (1) 1.325 BS          A (PSM) 
 
 
                     (2) Fall 1.625   / 4.75 (FS) 
 
 
 
                                                                                                                          (6) 0.596   Rise 2.78 
 
 
(3) 0.9 (BS) 
 
                                                                                                                  (5) 3.375 BS 
 
 
 
       (3a) I S = 1.875 
    
 
                                                (4)  FS 0.25  Rise 1.625 
 
 
 
 
 
 
 

Back sight Intermediate Fore Sight Rise Fall RL Prism 
 

(1) 1.325     100 A 
 

 (1.a) 2.55 
 
 

  1.225      _ 98.775 B 

 (1.b) 3.125 

Difference 
 

  0.575       _ 98.2 C 

(3) 0.9  
 
 

(2) 4.75 

Difference 

 1.625      _ 96.575 D 

 (3.a) 1.875 

Difference 
 

  0.975     _ 95.6 E 

(5) 3.375  
 
 

(4) 0.25 

Difference 

1.625       +  97.225 F 

  
 
 

(6) 0.595 

Difference 

 2.78        + 100.005 Closed A 

ADD ALL 
5.6 

 ADD ALL 
5.595 

ADD ALL 
4.405 

ADD ALL 
4.4 

  

       

 



Rules 
 

1. Data Entry Table 
 

Back sight Intermediate Fore Sight Rise Fall RL Prism 

(1) 1.325     100 A 

 
2. Flow Direction of Data Entry 

 
 

3.  
Back Sight 
 
                                  Intermediate                                                      Ever start  
 
 
       4 . 
I 
 
 
I 
        5.  
 
Back Sight                                     Fore Sight 
 
        6. 
If Second point > First Point----------- FALL 
If Second point < First Point------------RISE 
 
7. 
 
BS 
 
 
              FS 
 
 
8. Calculation of reduced level 
 
First RL – Fall  = Second RL 
 
First RL + Rise = Second Level 
 
9. To Adjust 
 
ADD----------- ALL ---------FS -------------BS  
 
 
 
                                                            RISE 
 
 
 
 
                                                             FALL 
 



 
 
 
 
 
 
 
 



 



 



 



 



 



 



 

  



 



 



 



 



 



 



 



 



 



 



 

  



 



 



 



 



 



 

  



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 

  



 



 



 



 



 



 



 



 



 



 

  



 



 



 



 



 



 

  

 


