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Section 1 — Distribution System

1.1 Describe the common system for electrical distribution

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

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

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

Motor drives, heaters, ovens and the associated wiring and control equipment.
Lighting equipment and lighting wiring circuits.

Electrical and electronic control and instrumentation systems.

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

Communication equipment (paging, intercommunication).

© N o 0 b~ w

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
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Section 1 — Distribution System
swamping effect of inductive reactance should be considered for low voltage

conductors greater than 100mm? aluminium.
Poles and lines are considered unsightly, especially in built up areas.
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Standard Voltages

The Australian Standard C1 1969 — &#fa
(5573 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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El CIRCUIT BREAKER
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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.

ZONE SUBSTATION
ce] [c8] ciRcuIT  BREAKERS

11 kV
CIRCUIT
c8){c8| preaxers (CB)[CB cB
SUBSTATION S . 1 ;
I
L15V BUS

Parallel Feeders
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Farallel Feeders with Duplicate Transformers
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Figure 5

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.

ZONE A
cB ce SUBSTATION

8] |Cs cCB8| |c8 cB| |c8 ce| |ce
ATION ce cB cB ce
, S SR P =
8 iga ce icei

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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Section 1 — Distribution System

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.

17

INCOMING SUPPLIES

ISOLATORS

% % } Co CIRCUIT BREAKERS
} ISOLATORS

} ! -4 BUS COUPLER

' SWITCH

l ISOLATORS

% % CIRCUIT BREAKERS
ISOLATORS

l \1:\ TRANSFORMERS

|SOLATORS

OUTGOING FEEDE RS

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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Section 1 — Distribution System

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

& is that portion of an electric utility’s available generating capacity that is not
producing electricity at a given time. B 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.

P 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.
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Section 1 — Distribution System

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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Section 1 — Distribution System

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 & is defined so that it is always less than 1 or 100 percent, while the
] 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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Section 1 — Distribution System

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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Section 2 — Overhead Lines and Installation

2.1 ldentify 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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Section 2 — Overhead Lines and Installation

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.

-________," )

SECTION A-A

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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Section 2 — Overhead Lines and Installation

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 MM’ copper or 16 mm* aluminium.

Rule 3.13.19 The length of span of copper aerial conductors shall not exceed the
values given below

Type of Conductor Size mm? Maximum Span Metres
Bare hard drawn 4 25
Conductors 6 30

16 or over 60
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Section 2 — Overhead Lines and Installation

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 2780 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 15 C 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 5 C

c. The sag at 50 C 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.
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SAG Calculations

The formula £ *alc
x or calculationg of sage in
&3 follow
8;

s ——

S = sag in metres

L = length of span in metres
w = gravitational force of loaded conductor in
newtons per metre

T = tension in conductor in nevtons

g2
3R

ue length of cable I, = £ ¢

; is th sul ] to the weight w_  of the

As w i{s the resultant loading due e ghe 2 uitant
» And the wind loading W, acting horizon ’

s calculated from the formula

tondy
oad

: “E

.

* .
>

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
= 10.5x 10 *x 500
= 5.25 Pa

Combined load due to wind and weight of conductor

woo= 2
J5.949° 5.25°
J62.95

7.934 N/m
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. w2
8
7.934 x150 2
8 26600 0.5
= 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

~+
|

\/Sag in  metres
0.03408

time in seconds for 3 return waves

~+
1

Sometimes the approximate formula is used

t = 5.42 x ,/Sag in metres
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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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Section 2 — Overhead Lines and Installation

From Table 1 — Open Supply Lines

Voltage

Oto 750 to 15,000 15,000 to 50, 000
750

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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————m
W TABLE 9.1 Electrical characteristics of bare aluminum conductors
steel-reinforced (ACSR)*
Resistance React
o i
Ac, 60 Hz smn&
AlmirmStnnﬁng Layers of | Outside D¢, 20°C,| 20°c, 50°C, | GMR |Indycts .
og| | A s e 01,000 i | i | o ||
|Code Word | cmil in f ol | wo'y |
Waxwing | 266,800( 18/1 2| 0609 | 00646 03488 03831 [0.0198 | 0476 oo
Partridge | 266,800( 26/7 2 0642 | 0.0640 | 03452 0.3792| 0.0217| 0465 0.1074
Ostrich 300,000| 26/7 2 0.680 | 0.0569 |0.3070{0.3372 | 0.0229| 0.3 0.1057
Metlin 336,400 181 2 0.684 | 00512 |0.2767 | 0.3037 | 0.0222 0462 | 01035
Linnet 336,400| 26/7 2 0721 | 0.0507 |0.2737]0.3006 | 0.0243 0451 | 010w
Oriole 336,400 307 2 0.741 | 0.0504 [0.2719(0.2987 | 0.0255 | 0445 01032
Chickadee | 397,500| 18/1 2 0.743 | 0.0433 10.2342|0.2572 | 0.0241 | 0452 | g3y
Ibis 387,500] 26/7 2 0.783 | 0.0430 [0.2323]0.2551 | 0.0264| 0441 | 0101
Pelican 477,000 181 2 0.814 | 00361 |0.1957(0.2148 | 0.0264| 0441 | 01004
Flicker 477,000( 24/7 2 0.846 | 0.0359 (0.19430.2134 | 0.0284| 0432 | 002
Hawk 477,000 26/7 2 0.858 | 0.0357 |0.1931|0.2120| 0.0289 ! 0430 | Dosss
Hen 477,0000 307 2 0.883 | 0.0355 |0.1919|0.2107 | 0.0304| 0.424 | 0.0
Osprey 556,500| 181 2 0.879 | 0.0309 | 0.1679( 0.1843 | 0.0284 ) 0432 | Doss!
Parakeet 556,500| 24/7 2 0.914 | 0.0308 |0.1669|0.1832| 0.0306| 0423 | 0.0969
Dove 556,5005 26/7 2 0.927 | 0.0307 | 0.1663]0.1826 1 0.0314] 0.420 | 00965
Rook 636,000| 24/7 2 0977 | 0.0269 |0.1461| 0.1603 | 0.0327 | 0415 | 0.09%
Grosbeak | 636,000 26/7 2 0.990 [ 0.0268 |0.1454]0.1596 | 0.0335 | 0412 | 0034
Drake 795,000| 26(7 2 1.108 | (L0215 | 0.1172| 0.1284 | 0.0373 | 0399 | 00912
Temn 795,000] 45/7 3 1063 | 0.0217 [0.1188]0.1302 | 0.0352| 0.406 | 0052
Rail 3 1.165 | D,0181 [0.0997( 0,1092 | 0.0386 | 0395 | 0.0897
3 1.196 | 0.0180 | 0.0988 | 0.1082 | 0.0402) 0.390 | D08
3 1.213 | 0.0167 |0.0924 | 0.1011 [ 0.0402 [ 0390 ﬂNﬁj
3 1.259 | 0.0155 [ 0.0861 | 0.0941 | 0.0415] 0.386 "'ﬁi&,
3 1.293 | 0.0155 | 0.0856/ 0.0937 | 0.0436 | 0.380 0-08 o
3 1.345 | 00136 [0.0762|0.0832 | 0.0444 | 0.378 0-0&;;’
3 1.382 | 0.0135 | 0.0751 | 0.0821 [ 0.0466 | 0372 0-0517'
3 1.427 | 0.0121 | 0.0684| 0.0746 | 0.0470| 0.371 3-08;,9
3 1.465 | 0.0120 [0.0673|0.0735 | 0.0494 | 0.365 e
3 1,502 | 0.0109 |0.0623 | 0.0678 | 0.0498| 0364 | U
3 1.545 | 0.0108 | 0.0612) 0.0667 | 0.0523| 0358 | &
4 1.762 | 0.0080 |0.0476( 0.051%5 | 0.0586
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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:
75 Cfor continuous rating

100 C 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

PL - 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

GY1 LV + 11 kV 7/2.75 27
GY2 11 kV 19/2.00 71
GY3 22 kV 19/2.75 222
GY4 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.
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Causes of Insulator Failure

The following is a list of some of the causes of insulator failure:
Deterioration by cracking of the porcelain

Porosity of the porcelain

Puncture of weak porcelain

Shattering of insulator caused by power arc

Flashover of insulator caused by dust or salt deposits
Failure of insulator from excessive mechanical stress

N o o bk wDdhPRE

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 15 C, and

2. The maximum conductor tension in still air at 5 Cis 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
Moisture

Gaseous, dirty and abrasive environments
Mechanical vibration and impact

o b~ D

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 90 C, short time operation at 130 C and short circuit performance up to
250 C. 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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Specific
Gravity

1.47
0.92
0.92
1.20

1.10

Relative
Permitivity

5.0-8.0
2.3
25
3.0

3.3-3.9

Thermal Volume
Resistivity Resistivity
cm/W At 20 C

m

5.0-6.0 1012
35 1014
35 1014
3.5-5.0 1033
6.0 1013
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Loss
Factor

At 20 C

0.08

0.0001

0.0008

0.004

0.004

Maximum Maximum
Conductor Short Circuit

Temperature Temperature

C C
75 15-160
70 130
90 250
90 250
65-80 160-250
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2.4 Determine leading limitation using design schedules and
calculations (Part 1)

_——— e e e — ————

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
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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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AGURE 7.2 Pole loading profile
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o= POLE IS "ROOM"
TO MINIMIZE RAIN
OR MELTING iCR
FROM PENETRATING
POLE FROM TOP

44 of 261



Section 2 — Overhead Lines and Installation

Table 7.2 Wood Pole Strength Tables

50 Ft. Pole, Douglas Fir or SYP
Class H1, WL = 2,200 Ib.

Distance Diameter Moment
From top (inches) (ft.-k)
(feet)
0 9.23 51.5
10 10.57 77.3
30 13.28 152.1
40 14.58 203.0
50 15.92 264.2

50 Ft. Pole, Douglas Fir or SYP
Class 2, WL = 1,700 Ib.

Distance Diameter Moment
From top (inches) (ft.-k)
(feet)
0 7.96 33.0
10 9.19 50.8
30 11.65 103.4
40 12.88 139.4
50 14.11 183.7

70 Ft. Pole, Douglas Fir or SYP
Class H1, WL = 3,640 Ib.

Distance Diameter Moment
From top (inches) (ft.-k)
(feet)
0 9.23 51.5
30 12.96 142.5
50 15.45 241.3
70 17.93 377.6
70 Ft. Pole, Douglas Fir or SYP
Distance Diameter Moment
From top (inches) (ft.-k)
(feet)
Class 2, WL = 2,840 Ib.
0 9.23 33.0
30 11.00 96.7
50 13.68 167.5
70 15.97 266.3

Class 1, WL =1,970 Ib.

Distance Diameter Moment
From top (inches) (ft.-k)
(feet)
0 8.59 41.5
10 9.90 63.4
30 12.50 127.9
40 13.80 149.6
50 15.11 179.2

Class 3, WL =1,220 Ib.

Distance Diameter Moment
From top (inches) (ft.-k)
(feet)
0 7.32 25.7
10 8.48 39.9
30 10.79 82.3
40 11.95 111.7
50 13.11 147 .4
Class 1, WL = 3,225 |b.
Distance Diameter Moment
From top (inches) (ft.-k)
(feet)
0 8.54 41.5
30 12.18 118.1
50 14.56 202.1
70 16.95 318.7
Distance Diameter Moment
From top (inches) (ft.-k)
(feet)
Class 3, WL =2,470 Ib.
0 7.32 25.7
30 10.60 78.0
50 12.79 137.0
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 solil is filled in around the pole. A pole set in soll
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 % sand and % 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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AGURE 7.8 Pole anchors on line direction changes (a) 90° and (b) 120°
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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 Wind load on Temperature
ice projected area of
conductors

Type of ; 2 2 A A
loading in cm Ib/ft Kg/m F C
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.

53 of 261



Section 2 — Overhead Lines and Installation

From wire manufacturer’s tables, no. 4/0 copper wire has a diameter of 0.528 in and
a weight of 640.5 Ib per 1000 ft; and 397.500-cmil ACSR has a diameter of 0.806 in a
and a weight of 620.6 |b per 1000 ft. The total weight, including ice, for 200 ft (100 ft
on each side of pole) for the copper conductors is 2120 Ib plus 500 Ib allowed for four
cross arms, insulators, etc., or 2620 Ib. For the ACSR conductors, it is 2840Ib, plus
the same 500 Ib, or 3340 Ib.

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

e 19 0B o

2 3.14

2

This may be rounded off to 25 in?.

Conservatively, the dead weight of the copper conductors is 2750 Ib divided by 25
in”, or 110 Ib/ in”; that of the ACSR conductors is 3500 Ib divided by 25 in’ or 140
Ib/in®

m s-z f-.lJ'.\‘V ! stronans O

POe

m maximum prvmnnh‘r compressive stress for wood ranges from abwout
300 Ibvin® for western red cedar 1o 600 Iin® for southern long-leaf yellow pine
For the horizontal loading, the pole can be considered a cantilever beam
anchored at one end with a load applied at the other. The bending moment
produces stresses in the wood, with the maximum fiber stress occurring at the
edge of the crom section farthest from the neutral axis; the stresses are com
ive on the side on which the load i pulling and tensile on the Oppeonte

sde Refer 1o Fig 52

54 of 261



Section 2 — Overhead Lines and Installation

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.

M Ph
Maximum Fibre Stress
The maximum fibre stress f at any cross section is
f mS
I
Where cis the distance from the extreme fibres of cross section to the neutral axis

and lis the moment of inertia of the cross section. For a circular cross section, where
d is the diameter.

So that

0.0982d
d 2

% 0.0982d°? (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 Phfor 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
Px P.,d,h

Where P,is the unit pressure in pounds per square inch. Its moment Mxabout the
base will be

2
Mx P.d h
2 2
The pressure on the triangle (P ) will be

P Pd, dzg
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And its moment about the base will be
h2
Mz Pz dz dz E

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

d, d,
2

P, PB,h

And the total moment on the pole (MZ) will be

d, d
M, Ph* =2 =2
2 2 3 6
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.

1.528in
12in/ ft

=7792.8ftlb or 95,513.6in b

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;

M 23 127
144

3 150 ft  4lb/ ft? 40 61t

8 12
6 =21,580in b or 1798 ft Ib
Say 1800 ft Ib. The total for both is 115,093 ft in Ib: say 115,000 in Ib, and

115,000

00982 122 678lb/in?

Say 700 Ib/in’

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, Ib /in 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 Ib, say 9600, multiplied by a factor of safety of
2, itis 19,200 ft Ib, 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

5790M
f

C

Assume long leaf yellow pine, f =7400 b /in®, is used

/3790 20,000 21 71in
7400

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

Resisting Minimum, at 6 ft from

Wood Class moment, ft-1b top 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 19 315

From ASA Standards Table of Wood Pole Classifications
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The conductors supported by a pole are in tension and alwo cause & loading
10 be applied on the pole at the firm potrt of support. Where the conducion
e in a straight line and the span lengths on both sides of the prode are equal
*w caused by the conductons are equal and opposite in direction sl
cancel each other Where the conductors on cach side of the peode are dufferent,
or where there s an offset or change in direction of the line, or where the
conducion dead-end on the pole the pole will be subgected o koadings for which

should be made The same
princples are employed in obtaming =
ting on the pole, and this can best be llustrated by the following &

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;

M 3 1418 % 4 34 3616ftlb

12
For the three no. 4/0 conductors (from example 5-2)
M % 7792 3896ftlb

Assume that the ultimate strength of the copper conductors is 37,000 Ib in*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:

M 3 0418 @ 34 788766ftlb
For the three no. 4/0 conductors,
M 3 0.528 37—200 34 996,336 ftlb
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The difference between the two is 207,570 ft-Ib (say 207,600 ft-Ib). The total moment
on the pole from the conductor tension and wind is:

M VM2 M? /20762 932 10° 207.8 10°

Multiplied by 2 for a factor of safety, M 415.6 10°; say 420,000 ft-Ib.

To find the pole circumference required to withstand this bending moment, assume
f  74001b/in*for long leaf yellow pine:

J3790 420 102
7400

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

59,91 in at ground line

Check for the possibility of using a wallaha pole, f 11,0001b/in?

2
\/3790 420 10 52.50 in at ground line

11,000

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)
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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-
Ib, and;

X 1507 307 146964

Where X is the portion of the conductors exposed to wind. The moment on pole B,
the portion in line with BC, is;
M gc 146.9 996,336 97,144ft-Ib
150

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

Mgy 3896 % 3896 7713ft-Ib

The total moment on pole B, in line, is 996,336 — 976,144, or 20,192 ft-Ib. At right
angles, itis 199,267 ft-Ib, or (30ft = 146,96 ft) x 976,144. The wind moment is 7713 ft-
Ib, and the total right angle moment is 206,980 ft-1b.

60 of 261



Section 2 — Overhead Lines and Installation

M, +20192° 206,980
Multiply by 2 for the factor of safety; the result is 416,000 ft-Ib. For pine.

2\/3790 416,000 o g
7400 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, f 11,000Ib/in’

2\/3790 416,000

52.33in at ground line
11,000

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-Ib. The moment on the pole due to wind on the conductors
is 3896 ft-Ib, and that due to wind on the pole is 1798 ft-Ib. The total moment on the
pole due to wind is 5694 ft-Ib.

2 2 2
Total moment on pole V996.3° 5694 10 996,316 |1y

Multiply by 2 for a factor of safety:

M 1992,632ft-Ib

For pine,

2
C 2\/3790 7190903 10 £/1,020,000 100.65in

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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g M
I/e
Where f = maximum unit fibre stress occurring at extreme edges of

cross section, Ib/in?

M = total bending moment, in b
L = moment of inertia of cross section
- B
he moment of inertia for a res tangular cross section is
l . l‘l
’ '\{ -UH’ {
12 9
s0 that the secunon modulus
! i
. i
4 h
where the neutral axis i parallel 1o side 4, as shown in Fig. 5.7
- .'.4"0

o
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l
2
l F1G. 57 Cross-am cross sec
= 4 1
=

Modulus becomes;

2
I_ ld b? a
c 6 b

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 Ib. 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:
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M 100lb 14%in 100lb 29in  4350in.Ib

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

l l3.5 1.0 45% 8.4375
c 6
And the fibre stress is:
M 4350 oo sain/in?
I/e 8.4375

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:
f. fsin®a ncos’a

a

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
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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

Bons 1

The stabnlity of 2 cross arm and ity strength rely heavily on the strength of the

u.‘hm"‘ which the stresses are transmatted . The distribution of stresses

the through bolt holding the cross arm to the pole are shown in Fig 5% The

vertieal load on the cross arm » transferred by the bolt to the pole

The unat pressure on the bolt 10 the cross arm »

"

! g

P,

whete d » the dumeter of the bolt; the maximum unit pressure in the poie »

: 1)
P, b
- -~
NT
a2 .
fﬂ, - .."’ MG, 59 Acton on bolt holang
Cross MM o pole M B powrt O
-4 o by maormum shear stross

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):

M  Ph

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.

_Ph
0.0982d

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 Ib (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.

p/‘«-T

Pressure
on DIOCk

#‘xp'ﬂwe FIG. 5-18 Stresses on cribbed
pole

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
Ta Tsin
2

And the total stress handled by the guy is twice that, or
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Ta 2T sinE
2

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 60A, 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. Fig5-17a &b

Line (b)
" Gﬂ.' '\

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:
La

La ——
cosb
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The vertical component L, is:
Lx Lytanb,. Lx Lcsinb

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*; and a wind pressure of 4lb/ ft> 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.

T, 3 950 2850lb

p

T, 4 990 3960Ib
P, 25 4 100lb

L, 2850 33 3960 31 100 22 7300lb

L, 7300A 7300 10,3251
cos45™  0.707
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

M T,h, h T,h h P h)

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

M
0.0982d°

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 %in, but sizes less than %in or greater than %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 6,000Ib, 10,000Ib, 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. Ib /in? Elastic limit Ib /in®
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 b /in®

Modulus of elasticity: 29 107

Coefficient of linear expansion:

Within the %to %in range, for the four classes of wire, ultimate strengths vary from a

minimum of 1,900 Ib to a maximum of 27,000 Ib
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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 Eight way Eight way Four way
8in 8in 10in 12in 13in 15in
lin x 5.5 ft % x 8 ft linx 10 ft 1/1/2 in x 2in pipe 2in pipe
10 ft
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.
Step 2.

Step 3.

Step 4.

Step 5.

Step 6.

Determine the grade of construction applying, B or C.

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
is4 c d e f.

b. For grade C construction, the factor of safety is 2 and the total load
is2 ¢c d e f.

c. For grade C construction at crossings, the factor of safety is 2.66
and the total load is2.66 ¢ d e f .

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.

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

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.

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

Angle Poles

Step 1.
Step 2.

Step 3.

Step 4.

Step 5.

Step 6.

Determine the grade of construction applying.

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
totalloadis4 ¢ d e f +2b.

b. For grade C construction, the factors of safety are 2 and 1.33 and
thetotalloadis2 ¢ d e f +1.33b.

c. For grade C construction at crossings, the factors of safety are 2.66
and 1.33 and the total load is2.66 ¢ d e f +1.33b.

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

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

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.

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
10", 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 2¢

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

77 of 261



Step 9.

Section 2 — Overhead Lines and Installation

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

ft
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40

5
3.16
3.35
3.54
3.75
3.93
412
4.32
4.51
4.71
4.90
5.10
5.529
5.51
5.69
5.89
6.08
6.28
6.48
6.68
6.88
7.08
7.27
7.63
7.66
7.87
8.07

6
2.69
2.85
3.00
3.16
3.32
3.48
3.64
3.80
3.96
4.12
4.28
4.45
4.62
4.78
4.94
5.09
5.26
5.42
5.59
5.75
5.92
6.08
6.28
6.40
6.59
6.74

7
2.36
2.47
2.63
2.76
2.89
3.05
3.17
3.30
3.44
3.57
3.71
3.84
3.99
4.13
4.28
4.41
454
4.68
4.82
4.96
5.10
5.24
5.38
5.52
5.66
5.91

2.12
2.24
2.35
2.46
2.58
2.69
2.81
2.93
3.04
3.16
3.28
3.40
3.32
3.64
3.76
3.88
4.04
4.13
4.24
4.36
4.48
4.60
4.73
4.86
4.98
5.10

10
1.80
1.89
1.97
2.06
2.15
2.24
2.33
242
251
2.60
2.69
2.79
2.88
2.97
3.07
3.16
3.26
3.36
3.45
3.54
3.64
3.74
3.85
3.93
4.03
412

D. ft

12
1.60
1.67
1.73
1.79
1.87
1.94
2.01
2.09
2.16
2.24
231
2.39
2.46
2.54
2.61
2.68
2.77
2.85
2.93
3.01
3.09
3.16
3.24
3.32
3.40
3.49

14
1.46
1.52
1.57
1.63
1.68
1.74
1.80
1.86
1.92
1.98
2.04
2.11
2.17
2.24
2.30
2.36
2.42
2.49
2.56
2.62
2.69
2.76
2.83
2.89
2.96
3.28
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16
1.37
141
1.46
1.50
1.55
1.60
1.65
1.70
1.75
1.80
1.85
191
1.96
2.01
2.06
2.12
2.18
2.24
2.29
2.34
2.40
2.46
2.52
2.58
2.64
2.69

18
1.30
1.34
1.37
141
1.49
1.49
1.54
1.58
1.62
1.67
1.71
1.76
1.80
1.85
1.90
1.95
1.99
2.04
2.09
2.14
2.19
2.24
2.26
2.34
2.39
2.44

20
1.25
1.28
131
1.35
1.38
141
1.45
1.49
1.52
1.56
1.60
1.64
1.68
1.72
1.76
1.80
1.84
1.89
1.93
1.97
2.02
2.08
2.10
2.15
2.19
2.24

25
1.16
1.19
1.21
1.23
1.26
1.28
131
1.33
1.36
1.39
141
1.44
1.47
1.50
1.53
1.54
1.59
1.62
1.65
1.69
1.72
1.75
1.79
1.82
1.85
1.89

30
1.12
1.13
1.15
1.17
1.19
1.20
1.22
1.24
1.26
1.28
1.30
1.32
1.34
1.37
1.39
141
1.44
1.46
1.48
151
1.53
1.56
1.59
1.61
1.64
1.67

35
1.09
1.10
1.11
1.12
1.14
1.15
1.17
1.18
1.20
1.21
1.23
1.25
1.26
1.28
1.30
1.32
1.33
1.35
1.37
1.39
1.41
1.44
1.46
1.48
1.50
1.52
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Condition A — Condition B Condition D
=== Conditon C

Te
Guy

b—o—

Condition £ Condition F

Example:
H = height of guy on pole = 25 ft
D = distance of guy from centerline of pole = 16 1t
Ty = tension in line wire = 2000 b
Ty = tension in guy wire = 7, x multiplicr (from table)
w 2000 x 1BS = 3700 Ib
For condition E,
T = guy tension
7; = resultant line tension

Te = LT D" + H'

bpH
For condition F,
Te = Ruy tension
T, = resultant line tension
r LD + H*
Fo
- - e ) tebsicam Ma
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Table 5-21 Allowable Guy Tensions

Guy Wire Loading, Ib
Dead end and angle Transverse
Ultimate
strength, GradeC, GradeB, GradeC, GradeB,
Material Reference Strand Ib SF=1.14 SF=1.50 SF=2.00 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 6M 3#8 7,210 6,330 4,810 3605 2710
weld
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 60"angles primary
Copper Loading, Ib Aluminium Loading, Ib
No.6 bare 640 No0.1/0 bare 1200
No.3 bare 1070 No.1/0 HDPE or PVC 1500
No.3 PVC 1230 No.3/0 bare 1450
No0.1/0 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.

Anii HO fis tRetpancigal 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.

Prepare foundation (types of foundations and methods will follow),
Deliver material to site
Assemble, and

A w bR

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 d

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 17.8°C (0*F)

Medium loading district ~ 9.4°C (15°F)

Light loading 1.1°C (30"*F)
2. Limit 4 must be met at the temperature at which the extreme wind is expected.
3. Limit 5 must be met at 0°C (32°F)

B. Tension Limits in Percent of Conductor Rated Strength
OHGW High High

Tension Condition Phase Strength Strength

(See text for exp.) Cond. Steel Steel

1. Max. initial unloaded 33.30* 25 20

2. Max. final unloaded 25.00¥ 25 20

3. Standard loaded (usually NESC district 50.00 50 50
loading)

4. Max. extreme wind (A) 20.00 30 30

5. Max. extreme ice (A) 20.00 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.

82 of 261



Section 2 — Overhead Lines and Installation

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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oy S e

’

Figure 11.14  Two views of a three drum wire puller for tension wire stringing
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NOTES
1. FORMED TYFE GRIPS MAY BE USED

ONLY WITH SUITABLE ATTACHMENTS. (ITEM V)

AS RECOMMENDED BY GRIF MANUFACTURER.

2. OTHER ACCEPTED AND EQUIVALENT
DEAD.END MATERIAL (ITEM U)
MAY BE SUBSTITUTED FOR
THE ONES SHOWN.

3. LAG SCREW SHOULD BE USED

B ——

CONNECT TO NEUTRAL
CONDUCTOR AND GROUND

SERVE
OR CLIP
!
=aaane
El-1,El1-2
ASSEMBLY UNIT
SEE GUIDE DRAWINGS M30-1 AND M30-2 El-1 El-2 E1-3
fmem) MATERIAL NO.REQ'D. | NO.REQ'D. | NO. REQ'D. =
€ _{ BOLT, MACHINE %" x REQUIRED LENGTH \ I I —a
A,M; 1-20° x 20" 13" % 3 JA® % A" e
R S = TV e —
P ".'.’; — AS REQ'D AS REQ'D. AS REQ'D M=
|y 1 o GUY STRAND 2 2 2 =
| ATIACHMENT (RATING 15200 L8S) | 145200LB5) | 148500LBS) |
.7 D, LENGTH Ity ") U =
- ALLOY OR EQUIY REQ'D LENGTH | REQ'D LENGTH | REQ'D. LENGTH]
e | | 1 === g
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Figure 26
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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.

LINE OEviay

¥

=

T « UNE TENSION 7~

RESULTANT LOAD ON INSULATOR
DUE TO CHANGE OF DIRECTION

o LOAD ON INSULATOR

4 - CROSS ARM

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 — w,?cos—
2 ' 2

For small angles such as associated with pin insulators cos > can be taken as unity

and the expression reduces to:

Force on pin = 2 sin > W,?
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 = 500 105 10° 5.25N/m
Pin load = 2 sin > w,?
40 11000 = stin —+ 525 150
100 2 2
Sin — _ 3612.5
2 26600
= 0.1358
— = 7.8
2

Maximum angle of deviation = 15.6"

To standardise line construction many supply authorities specify a limiting line

deviation such as 10*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 30*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:

Galvanised stay wire of suitable strength.

Strain insulator to insulate the strain wire within eight feet of the ground.
Wire rope grips for strain wire, or preset fittings.

r wDdPE

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

Regulations 21 — 26 — Overhead Service Lines
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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.

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;

2
S = 0.0076 0.3V/D 213 0.083/D %
r
= equivalent horizontal spacing in metres
D = Sag (metres) at 50°C and no wind
D = overall diameter of conductor in millimetres
r = 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 &h of collecting
information. Each method relies on the simple principle that if tw points are
established, a t 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 detalil, it is necessary to state the following:

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

i. Hp 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.)

ii. | How can the post be located by measurement in relation to
the wall in order that the requirement may be fulfilled?

C & ™o wbwisr post

by ' 0 sl honan
sragh e fiarviing
ashiar prone wal

toiTe ("\ Ing ares

al™ -

- L

} The situation: metal post in relation to straight stone wall
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Method 3 — Polar Co-ordinates/radiation

® 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)).

] 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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10 Site surveying and levelling
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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.

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.l., 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.

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.

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 19™ century and early 20"
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 #a , 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.

132 of 261



Section 2 — Overhead Lines and Installation

" | i
KEEP MOVING TO MY RIGHT

EFT) arm held out horizontally
tin position until move is

)

4 HOLDPOLE 5. MARK! pole
- STATIONARY  now online.
- N ]

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 & and on the side of the &
d , 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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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 C, and D, and facing each other so
that the observer at C, can see the pole at station A and the observer at
D, 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.

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 C,, D,, etc. and will
end at B, (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 BB,, which measured, AC, AD, and AB,, are also

measured. By application of the principle of similar triangles, it is found that
triangle ADD, is similar to triangle ABB,

bb, BB, or DD, BB, AD,

AD, AB, AB,

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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1
P — — — i ‘0 ¢ gr ’ ‘ ‘
“3 the optical square s
placed exactly over
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.
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By Prism The prism is held by the surveyor in his hand exactly over the point C, and
the pole P, is sighted by direct vision 8  the prism. The rays of light forming the

image of P,enter the prism from the side and are bent to the observers’ eye. The
assistant moves P, 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 P, and P,
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 P, through the appropriate slot

this signifies that P,C 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.
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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
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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.
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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.

VERTICAL

ARROW
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o
.
AN
S R AR R ol i : 4ouE
C

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

Difference Height

Reading

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

RISE

Second point value is smaller than first point
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Calculation of reduced level from known point by field surveyirg————

/ (1) 1.325 BS ‘ A (PSM)
|

(2) Fall 1.625 /4.75 (F

(6) 0.596 Rise
2.78

\ A

(5) 3.375 BS

(3)0.9 (B

7T (4) FS0.25 Rise 1.625
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Back sight | Intermediate | Fore Sight | Rise Fall RL Prism
1) 1.325— 100 A
(1) 1.325~, —
(1.a) 2.55 1.225 Ti>/98.775 B
(1.b) 3.125: ___——» | 0575 —*98.2 C
Difference { _ -~
(3) 0.9\ (2475 | _—"1625 - ' 96.575 D

~ Difference /

(3.a) 1.87&1: | »|0975 1956 E
Difference (— /

(5) 3.375- (4)0.25 | 1625 97.225 F

Differencgé | + /

¥ (6)05%5 | 278 100,005 | Closed A
Difference |

L

ADD ADD ADD ADD
ALL ALL ALL ALL
5.6 5.595 4.405 4.4
Rules

1. Data Entry Table

Back sight | Intermediate | Fore Sight | Rise Fall RL Prism

(1) 1.325 1900 A

2. Flow Direction of Data Entry

3

Back'Sigh\

Intermediate Ever start
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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

FALL
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Section 2 — Overhead Lines and Installation

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.l.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).

B8 Alignment - [h:\b&v\otto] |_ 5]
File VYiew Temain Constraints | sy - 15

Figure 1 - & -th b -#h

152 of 261



Section 2 — Overhead Lines and Installation

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).
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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 || Weight || Weight
Span Span Span
Structure|| Wind |w/o Wind | w/Wind | Change
Span
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%
| 3 | 232 | 190 | 159 | -16% |
37 180 190 196 3%
| 38 | 164 | 120 | 89 | -26% |
39 252 428 499 17%
| 40 | 242 | 112 | 64 | -43% |
| 4 || 78 | 99 | 123 | 24% |
42 53 73 89 22%
Table 1 -@
]
i

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.
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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.l.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.

158 of 261



Section 2 — Overhead Lines and Installation

W L34 DD Crawing -

Rage 1034

IHII
Ll
@
in'
m
|
I
|
i
[
[
!
[
T
!
i
i
1

I

Figure4 - @ -B &
.
1)

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

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

State the governing factors that determine the stability of a pole

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.
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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 | Overall Ultimate Mass | Gravitational Wind Resultant | Resistance
Area diameter tensile kg/m force (N/m) load at load at per Km at
mm2 mm stre’:llgth 5((’)\|(;rrF]>)a 5(ON(;nF1>)a 20°C

(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“C at 20°C
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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 99.5% Purity 99.5% Purity
Copper Aluminium % H Aluminium T.0O.
as Extruded
Density g/cm? 8.89 2.703 2.700
Resistivity m at 20°C 1.7241 10 °® 2.8264 10 °® 2.803 10 °
Temp.
Coefficient of perAC 0.00393 0.00403 0.00403
Resistance
Melting Point AC 1083 658 658
Coefficient of 6
Expansion per’C 10 17 23.8 23.8
Ultimate Tensile
Strength MPa 241 124 83
Y2 H — % Hard T.0. — SAA code symbol
Table 5

An analysis of these properties discloses that:

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:
Single core cables

Belted cables

Screened cables

Multicore SL cables

Multicore HSL cables

Oil filled cables

Gas filled cables

o N o ok~ WDN P

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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6. Fillers een
1, Serving & 1. Metallized pape:O:c're
2. Gelvanised steel wire armo g. Stranded conduc wlation
. Bedding 9. Topre gnated paper ins

§. lead or lead alloy shesth
3. Qopper woven fabric tape

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 185 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 185° 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 All types 80
1.9/3.3
3.8/6.6
6.35/11 Single core 70
Three core belted 65
Three core 70
12.7/22 screened 65
19/33 All types
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 RATING FACTOR
Conductor Ground Temperature for Cables Air Temperature for Cables laid in Air
A laid Direct or in Ducts
Temperature "C
15°C | 20"C | 25°C | 30"C | 25"C | 30"C | 35°C | 40°C | 45"C
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 0.6/1 kV Cables 1.9/3.3 kV to 19/33 kV Cables

Laying Single Core Multicore Single Core Multicore

Metres
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:

Ve L |
1000
Where: vd = actual voltage drop in volts
Ve = 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 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 K to volts.

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

|

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.

1000vd

V¢ mV/A
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B

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 (& )
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 vd 3

Single phase Vd = three phase vd 3
X

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:

L

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

Y

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 Vs . sum of other voltage drops

. 5% i50.05in your calculator
5% V

o ..V
In the circuit above thisis d fsc

e

“F

Look up Appendix B and use the voltage drop equation to calculate
maximum unit value of voltage drop.
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Paragraph B4.3.3

Australian Standard \V/ 1000\/d
c
L 1
SAA Wiring Rules
I

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

Table B2
Columns 1 & 22 or 23

Australian Standard

SAA Wiring Rules

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.
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Table B3
Group of Circuits

Table B2
Single Circuits

Australian Standard

SAA Wiring Rules

[}

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.

B B
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 equationin B

Use the voltage drop equation to calculate the voltage drop for each
circuit.
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Table B2
Columns 1 & 22 or 23

Paragraph B4.3.3

Australian Standard

SAA Wiring Rules
— L 1V

C

1000

d

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.

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.

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

Look up Appendix B and apply the voltage drop equation.

—— Paragraph B4.3.3

1000V,

Australian Standard Vc
L 1

SAA Wiring Rules

L
cid
Look up the current carrying capacity and voltage drop table (Table B2)
Table B2
—— Columns 1 & 22 or 23
Australian Standard
SAA Wiring Rules
Complete practical exercises 5 & 6.
B

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.
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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 =9V
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 =4.5V

Three phase submainsVd =7V

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 =2V

Submains Vd =3V

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 submainsVd =4V

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 mm*bare copper aerials spaced 0.4 m
apart. Length is 25 m and maximum demand is 200 A. Sub mains are three

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

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

Maximum permissible voltage drop in the installation:

Voltage drop in each circuit:

Total voltage drop:

Circuit chosen to increase cable size:

Maximum permitted voltage drop in the chosen circuit:

o gk~ wdhE

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 mm’

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 75°C

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

V105 has a maximum working temperature of 105°C

R-S-150 has a maximum working temperature of 150"C

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

Heat resisting fibrous insulation has operating temperatures ranging from
110°C to in excess of 200"C , depending on the type used.

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

Polytetrafluorethylene (PTFE) cable has a working temperature of 200*C
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 15*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 MM’ cables and has an
automatic predetermined depth control.

Cables from 10 to 120mm’ 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 1/3 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.

B 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 0 08 and 0 11in.

* 1 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 @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

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

Fig. 71. “H"”-rYyPE CABLE
(Henley's Telegraph Works Co.)
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Fig. 72. “H.S.L.”"-1yPE CABLE
(Siemens Bros.)

Laying

There are three main methods of laying cables: § , the &/ system,
andthed  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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F1a. 78. Macmmse Lavivg oy Cannes
(Weserhulte A.-G.)

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.

N 2 ] ' . . ~n ~ - N - - a c- -

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.

(%)

F1c. 80. StoNEWARE CONDUITS
(a) Multiple duct. (b) Multiple_butt-ended stoneware conduit.
(Doulton)
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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 bacl ¥4 in., and the metallized paper is
cut back to within 1 %2 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 ¥4 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. Qil 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
1/2D. The resistance of a thin shell between radii x and x dx, and axial
length 1cm. is

dR pdx/2 x,
Where pis the resistivity or specific resistance of the dielectric, for the area of
cross sectionis 2 2 x 1cm?and the thickness is dx.

The total resistance is thus

1/20% iloghE
2XxX 2 2

The insulation resistance of a length |is
R, p/21loghD/2
The value of pfor impregnate paper is about 5 10™ohms, and decreases
exponentially with temperature, so that
pt p *: isabout 0 05

Example. Find the insulation resistance per mile of a cable of conductor
diameter 0 4in. and internal sheath diameter 0 7in. p 6 10%
The resistance of 1 mile is

p_2 303 Iogthms

2 5280 12 2 54 2
2 28 10 °plog D/2 ohms

228 10° 6 10%log 7/4

3 21 10 %ohms 321
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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, V,, V,and , where V is

the voltage between the mains, and V, and V, 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 V 250, V, 150 and
V, 30V, the voltmeter resistance being 10 000 (Lond. Univ., 1932)

Let the mains have earth resistances R,and R,. It is clear that the resistance
between the mains R,, 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)
V, ! downwards, (i) V, /R, downwards, and (iii) V.V, /R,upwards.

Therefore

V,/ VIR,V V, IR,
Giving v,/ 1/R, 1/R,) VIR,
Similarly in the other case

V,(l/ 1/R, 1/R,) VIR,
Therefore, by division,

V,IV, R//R,,

So that VIV, R@/ 1/R, 1/R,)
=R,/ 1 R//R,
R/ 1 V,IV,,
o V. V V, V
Giving R, Vg b YWV,
V2 V2 V2
o vV V, V
Similarly R, r—*+ 2
Vl
In this case R, 10000 W 23300
ad R o B0 D

Stress and Capacitance of Single-Core Cable

Suppose that the cable of Fig. 86 has a dielectric constant , no losses, and a
charge g per cm. of axial length. Applying Gauss’s theorem to a circular cylinder
of radius x, we get

eS2 x 4q
Or

S 2q/ x,
Where S is the electric stress at distance xfrom the axis. If E is the potential
difference between the conductor and sheath

1
2 Sdx Elog hZR,
"

r
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So that the capacitance per cm. length is

4 __ electrostatic units (cm.)
E 2logh(D/2r)

———— cm. per cm. length
2logD/d P g

Where d = the conductor diameter
Remembering that
lcm. 10/9 F

We find that
00388 F per mile length
(log D/d)

Substituting for g in terms of E we see that the stress is
B
xlogh(D/d)

The stress is a maximum at the conductor where it is

S E 2E
™ rlogh(D/d) dlogh(D/d)

has a
with

For a given voltage E and internal sheath diameter D, the stress S,
minimum value for variation of d when the differential coefficient of S,
respect to d is zero. This occurs when

logh(D/d) 1 or D 2 718d

X

In low voltage cables the insulation is thin and d is greater than D/2 718. 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 D/2 to D/4, the maximum stress varies by only 6 per
cent, so that no great care need be taken to fix the ratio D/d provided it is not
too great.

The stress at the lead sheath is
2E
Dlogh(D/d)

So that the stress varies from a maximum at the conductor to a minimum (of
d/D times the maximum) at the sheath. In some high voltage cables the
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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 d, and d, are inserted into the dielectric
and maintained at potentials E, and E,. 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

S, A/X,
For S max 2E : dlogh D/d
d dlogh D/d d
2E D d D
> logh— ——  —
dlogh D/d d D/d d
2E 5 IoghE 1
dlogh D/d d

Where A, is a constant which is found by integrating S, from the conductor to
the intersheath as follows

£ d,
E E 2 Sdx Alogh—
2 d
d,
So that A, E E, /log hF
And s, & 1
xlogh d—l
d
The maximum stress is
Slmax ]_E—Eld
“dlogh—*
2 d

Similarly the maximum stress between the first and second intersheaths is
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El E2
1
,diloghd, /d,

2max

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

S =

3max

;dz logh D/d,

By choice of E; and E, 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 d, and d, so that the stress varies between the same
maximum and minimum in the three layers, by taking

d,/d d,/d, DI/d,

Equating the maximum stresses we get

E E E1 1/
11/ 10t 11 1
The maximum stress is then
E E, E E
;dlogh 1 2;dlogh :131 2;dloghD/d |

Since logh D/d logh ® 3logh

Without the use of intersheaths the maximum stress is
E

;dlogh D/d

So that the maximum stress has been reduced in the ratio

1:11 ?
3
Example. A single core 66kV. Cable has a conductor diameter of 2cm, and a
sheath of inside diameter 5 3cm. Find the maximum stress. If two intersheaths
are used, find the best positions, the maximum stress, and the voltages on the
intersheaths.

Here D/d 5 3/2 3, sothat 1 384

Thus d; 2 77cm.and d, 3 84cm. are the diameters of the intersheaths. The

peak voltage on the conductoris 66 ,/ 2 ./ 3 53 8kV., so that
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53 8

E 23.9kV
2 1 1
138 1 910
And
1
E, 1 —— 23 9 41 kV
1 384

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 1/./ 3 times these values. The
maximum stress without the intersheaths is

_ 88 55.3kV per cm.,
1 logh2 65 =—

And the maximum stress is 20 8kV per cm. With the intersheaths the maximum
stress is

5 3 5 3 38 7kV per cm.,
11 138 191 1483 —

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.

D 53m,d 2cmi D d 1lcm,sothatd, 3 1landd, 4 2.

E E,

Simax ———— 2 28E E, ,
loghl 55

s E E,
2mX 1 B5logh 4 2/3 1

2 12E, E,,

E2
SSmax
2 llogh5 3/4 2

2 06E,.

Equating these we get E; 45 2kV. and E, 23 OkV. The maximum stress is

47 5kV. 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 d,, the
dielectric constants being ,and ,, as shown in Fig. 88. By Gauss’s theorem

the stress in the inner layer is

S, 2q/ ,
Whilst in the outer layer it is
S, 2q/ ,
Then
20 2P
E " S,dx s, S, dx
d
2q iIogh—l iIoghE ,
1 d d,
so that
c 4 L =
Zlogh$ 2logh—
1 2 dl
The maximum value of S,is
4q 2E
Slmax d d, i D '’
d dlogh3 —Zloghd—1
and
4q 2E

SZmM

20 d, 2logh% logh?
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.

d 2,d, 4,D 53, , 45, , 36.
S max 2 0 63 kV. Per cm.,
2logh2 1 25loghl 325 =

and
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S, max 20 39 5 kV. Percm,,
40 8logh2 loghl 325 —

Both to be multiplied by \/_ 2/3 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 E/R 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.

ewlE T

s ot
E/R )
Fia. 89

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 | is the vector sum of E/R and CE, and leads the voltage by an
angle

where

cot E/R CE 1/ CR.

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

cot G/ C
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)
0-0z0

0015

V.

0010———
/

0005 = T

0

0 20 40 60 80 M0 120 140
kfem

F1a. 90. Variariony or Power Facron
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The power factor of the cable is given by

2
PE. Watts E°/R E/R c0S

El El I

-]
003

002

001

20 40 60 &
Temperature, °C

Fia. 91. Varmarion or Power Facror
wiTH TEMPERATURE
In well made cables is so near to 90"that cos and cot are small and very
nearly equal to each otherandto ,where is /2 and is in radians.

We may thus put
P.F. G/ C
The dielectric loss is
E*’/R E’G CE’?

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 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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Fig. 92, Power Facror veErsUS TEMPERATURE AND STRESS

The variation of power factor with temperature depends upon the paper and oill,
and also upon the completeness of drying. It was once usual for the power factor
temperature curve to have a minimum of about 40”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 50"°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.

Er R] CJ
R Copm
r
j‘c R Cz
)
(@) ()]
Fic. 93 Fic, 94

REPRESENTATIONS OF IMPERFECT CAPACITANCES IN BELTED-
DieLrornic ryre, TAREE.cORE CABLE
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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 R,and R, are of the same
character as R and R' C, and C, 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.

. .
&iro oY %o

Ce

Fig. 95

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 C_to each other and C, to the sheath, so that the

system of capacitances and can be replaced by a Y of capacitances C, as
shown in Fig. 95 For this is to be so, the capacitances between any two
conductors in these arrangements must be the same, sothat C, 1C, 1C,, or
C, 3C,. 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

C. C, 3C.

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.

Ce 0 048 F . Per mile

2
log 1 ot 384 1 70l 0 52t—
d 2

Where d = conductor diameter,
= thickness of conductor insulation,
And t = thickness of belt insulation.

208 of 261



Section 3 — Underground Cables

The capacitances C. and C; are found best by measurement, and the neutral
capacitance calculated in the following way.

- (1)
Cc;: ,»é Ce*Cs

(2) GCetCs (3)and Sheath
Fia, 96

Let conductors 2 and 3 be connected to the sheath and the capacitance be
measured between conductor 1 and the rest. The value is

C. C; 2C.
Next let all the conductors be commoned and the capacitance, C,, be measured
between them and the sheath.

C, 3C,
Then C, 3C,
And C. 3C, =:C,
The capacitance to neutral is thus
CC %Cb %Ca %Cb
3C. 3Gy

If C, is not known it may be taken as 1 8C,, so that

C, 15C, 03C, 12C,

a

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 3 F . 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
CC % Cc CS % 3CC CS ’

Which is half the capacitance to neutral. The neutral capacitance is therefore
6 F . And the charging current per core is

C,E 2 50 6 10° 11000 /3
11 97A
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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: @ , whose paths
lie in the sheath of a single cable and which flow even when the sheaths are
isolated from each other, and HH , 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 |
produce a flux downwards through the sheath section ABCD. When | and the
flux increase there is a sheath eddy round ABCD from Ato Bto Cto 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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/ Sheath
Conductor Conductor

F1a. 97. Suzate Eppy PaTas

Sheath

Suppose that the sheaths are replaced by thin cylinders of radius +D and we
consider a circuit ABCD shown in Fig.98 The flux through ABCD is seen to be

Fia. 98. Smeara-crrouir Eppy Parn

0 41 logh D3D percm. length,
where d is conductor spacing. The induced e.m.f. is thus
4 1 loghd/iD 10 °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.

E, 21 loghdiD 10 °volts per cm. length.
IX I M, 49

m

Where M is the mutual inductance between the core and sheath and is

2 loghd$D e.m. units per cm.
Or M 0 741 log d D 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.

M 0 741 log15/2 75 0O 545 mH. Per mile.
E, 250 2 50 0545 10°
42 8V. per mile.

If the sheaths are bonded at one end, the voltage between them at the other is

V3 428 743 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 R, and the sheath self inductance, which is equal

to M. Thus if the sheaths are bonded the sheath current is
I Esh I xm

* \/_ Rs2 sz \/_Rs2 sz
The magnitude of the sheath current is independent of the distance between the
bonds, for X, and R, are both proportional to the length. The sheath losses per

phase are

51

Rl,> 1°X,*R./R> X2 52

m

So that the effective resistance per phase is the conductor resistance plus

X *RIR? X2 53

m

The ratio of sheath losses to copper losses is
12X *R X *R
m s | ZR m

RS X2 RR’ X2

S m m

Where R is the resistance of the conductor. With large conductors and close
spacing this ration is approximately equal to

X *R./RR? X, ?/RR,,
As R.’ is large compared with X _?. If conductor is made larger, R and R,
diminish whilst X 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 0.85in”
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Rk

L%ﬁﬁf‘éﬁf %EE
Or

Fia. 89, ELBECTRICAL EQUIVALENT
oF Sararn Crnourr

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

L 2loghd/r

from the work in Chapter IV. This inductance is coupled to the sheath circuit by a
mutual inductance M , where

M 2loghd/$D .

The sheath circuit itself has a resistance R, 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.

L M 2loghd/r loghd/{D
2logh$D/r L

C

Which is the leakage inductance of the core to the sheath. The total impedance
of the conductor is thus

. R,.j M
R, I M
: R.j MR, j M
R J LC RZ 2M2
R, *M? _ MR,*
R Rz 2M2 J LC R2 2M2
R,X ° MR,
R 2 2 LC 2 2
R X RS Xm

The resistance is thus
R RX,2/R> X?
Which we have already found in equation (53), whilst the inductance is
L. MR’/R’ X, > L M MR?’/R* X, %)

C m
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L MX2/R? X, 2

m

The decrease in inductance due to the sheath is thus

MX */R* X, ?

The resistivity of lead is 23 2 10 °.ohms per cm. cube at 30*C..

Given the thickness of the sheath and its diameter, R, 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.

R L-M

O M SBO008"

O
Fig. 100. Ereorricarn EqQuivarenxt or SueaTs Crroulr

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

LwMm IL,bLwM I,wM I, I, I,wM O.
(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 37/0 093, conductor
insulation is 0 17in., and the dielectric constant is 3.6.

From tables it is found that the resistance is 0 099333 per 1000 yd. at 60"F.
The resistance per mile at 55°C., which is taken as a normal working
temperature, being 40°C. above the average temperature of 40°C.above the
average temperature of 15°C., is

R 00933 1760 1 0004 39 5
0 202 .,

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.

L 0 08 0 74llog d/r mH. Per mile.
Here r 0 325in.andd 20 325 0 20 1 05in., so that
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L 0085 0 741logl 05/0 325 0 462mH. Per mile.

The capacitance is given by equation (46)
0 048
logl T3 84 170+ 0525

uF . Per mile

Where d here is the conductor diameter, not the spacing.

C 0 048 3.6

log 1 ﬂ384 170 08 05 0857
0 65

0 048 36

0 420 uF. per mile
log2 57 —_—

Example. Find the resistance, inductance and capacitance of a three phase
symmetrical arrangement of 66kV. single core cables , 61/0.103 (nominal
0 5in.?), 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 0 04913 . Per 1000 yd at 60°F., so that at

55"C, the resistance per mile per phase is
R 004913 1760 1 0 004 39 5

0 1005
0 0388
log(D/d)
Here d 9 0103 0103 0 927in.,
And D 0927 2 065 2 227.

0.0388 3 6
log2 40

uF per mile.

0 378uF per mile.

We will assume a sheath temperature of 30”C.

R 23 2 10°% 5280 12 2 54
12632 1113° 2 542

0 516 per mile
The spacingis 2 227 4 0 15 2 827in., so that
M 0 74llog. 2 827 /1 115

0 297mH. per mile

215 of 261



Section 3 — Underground Cables

X, 2 50 0297 10° 0 0931 per mile
The effective resistance per mile is therefore

0 516 0 0931°
0 516> 0 09317

0 1005 0 0167 O 1172ohms
The sheath lossis 0 0167 0 1005 16 6per cent of the conductor loss.

0 1005

50 \ | !
‘\.40 l |
E | |4
N30
S [\ |
“320 — i T ] | B
¢ o | -l
- & ||
0 |

010203040506070&090/m
Time to Breakdown (hours)

Fia. 101, V.T.B. Cunves or WELL AND BapLy IMPREGNATED
Parenr

The inductance is

L. MRSZ/RSZ X, 2 L MX /RS> X, 2

m m

L 0 03mM
L O 741 log 2 827 /0 583 mH. per mile

Actually the inductance is slightly lower by 0 0092mH. due to the sheath
bonding, so that I is 0 574mH. 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 h 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 65*°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 65°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 nRI1?, where R is the conductor resistance
at 65°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

nRI’S G 65 0 (56)
Where 0 is the ambient ground temperature. We may take & , SO that
nRI’S G 43
Giving | [ 43/nRS G (57)

If the dielectric and sheath losses are not negligible, we can replace equation
(56) by

65 0 nRI>’S G WS G R,I®G,

Where W is the dielectric losses and is conservatively taken as occurring all at
the conductor, and R, is an equivalent resistance due to sheath losses. Then

the current capacity is
65 0 WS G
N (58)

Thermal Resistance

The unit is the thermal ohm and is that thermal resistance which requires a

temperature difference of 1°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

S, K/2 loghD/d 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.

S, 08 %]Joghl 2.t 415 i (60)

d
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The thermal resistance of the ground is
G g¢'/2 logh2h/R, (61)

Where g* is the resistivity, h the depth of cable below ground and R, 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
g* g and the thermal resistance is given by

G £9/2 logh2h/R, g/3 logh2h/R, (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. 0 25 in.’cable can
carry; t 0 06in T 0 15in., K 550, buried 3 ft. deep, g 180, ambient

temperature 15°C.
S, 2208 %% loghl 3£ 415 5%

015 065 015
33 2 thermal ohms per cm.

The lead sheath has a very small thermal resistance, but there is a serving of
thickness 0 31lin. of K 300. This has a thermal resistance of

S, 300/2 loghl54/1 22 11 thermal ohms,

As the external radius of lead sheath is 1 22in., and that of the serving of is
1 54in. The ground resistance is

G @Iog hﬂ 73 4 thermal ohms.

3 154
S G S S, G 117 6

From tables, allowing for coring and stranding and temperature rise,
R 133 10° .Percm.

I \/_ 65 15
313310 % 1176

=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 | Ability to radiate | Cost of support
construction heat
Expensive Best Best
Moderate Very good Very good
[0 C 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 = ---------------------- memem e
Wheel Area

Problem

Wheel load 9576 Kg , imposed 50% for heavily travelled street under which truck
traffic may be concrete. Wheel areais 15.5 cm x 30.5 cm

Calculate concentrate load on manhole cover.

Wheel load (1 + % Impact / 100)
Concentrated load = ---------------------- e
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Wheel Area

9576 (1 + 50/ 100)

= 303839 Kg / m?

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
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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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Transformer Manholes

Transformer manholes are designed to contain transformers and other equip-
ment required for radial or network systems. Their dimensions depend on the
location and the equipment they are to contain, Standard transformer manholes

T S IR YAV | ZUY

240

220
S
"} 180 \

e

.. N
25 ‘2: K\k\

100
60 B0 100 120 140 160 180 200 220 240 260 280 300 320 340

Rodius of curvoture, 1

FIG. 8-2 Effect of radius of curvature of conduit on pulling tension (applicable to a conduit
consisting of one continuous curved section). (From EEI Underground Systems Relerence

Book ) ‘
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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
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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.

) Bl Communications TX2001 Graphical TDR Cable Fault Locator
Made By Bl Communications

The Bl 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
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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.

Dowmloads 1000
Test Results
with Multi-lingual
Customisable
Certification
Software

Computerware UK, Europe's largest distributor of light pens is now expanding
with Bl 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
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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 requlation

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

IRCos @, +1 XSing,

Off load tap changer

The usual tappings on a transformer are 2 ¥z percent giving + - 2 %2 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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section 4- Voltage Requlation and Associate Equipments

Induction and Moving Coil Requlators

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 vitage 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.
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From the above it will be seen that

Es= \I OB?+ BD?
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OB=ErCos ®dr+IR

BD=ErSin®r+IX
Section 4- Voltage Regulation and Associate Equipments

Therefore

Es=¢ (ErCos ®r+IR)?> + (ErSin ®r+ IX)?

Where

Es= Sending end voltage
Er= Receiving end voltage

Then

= Er (Cos ®r+IR/Er)?+ (Sin ®r+ IX/Er)?

This form is more convenient because the quantity under the radical sign is in the
order of unity.

Es= ErJ |+2 IR/ErCos®r+2IXEr Sin®r+12(R*+ X% /E%

The last term is usually negligible because the denominator E?r is very big.

Thus

Es =Er 1+ 2IR/Er Cos®r+2IX/ErSindr

=Er {1+2IR/Er Cos®r +2IX/Er Sin®r}*
Using the binomial theorm this gives as a first approximation
Es=Er(1+IR/Er Cos®r +IX/ErSin®r}

OR
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Es=Er+IRCos®r +IXSin®dr

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.

Regulation = G x 100

IR Coscbr+IXSindr
- S — x 100

Er
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The regulation is then

CF = (G cos ¢, +GD sin &,

R

= IR cos &, + IX sin ¢

4

1%
i

If R and X are values for single conductor per kilometre, the
al wvoltage drop per kilometre will be:

~

For single phase lines = 2 (IR cos ¢, + IX sin &)

For three phase lines = V3 (IR cos o, + IX sin @/

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

Off load tap changing transformer
On load tap changing transformer
Booster transformer

Moving colil regulator

Induction regulator

abrwnE

Off load tap changer

The usual tappings on a transformer are 2 % percent giving + - 2 %2 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
S0 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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0ff load tap changer

+/- 2 % % to +/- 5% of nominal voltage

—

Tap Connections

Connecting

per cent of

A

A
s
3
-
b

Mmoo N W

Position #up terminals winding

to 2 100
te 3 97.3
to & 95
to 5 92.%
to 6

Ang, 90

On load tap changer
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“TMTTTTY

Schematic diagram of on
load tap chango_r

g

Tronsformer
Winding

Moving Contacts

Stationary
Switch Contfacts

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

gvoluge Control

he essentisl elements of load and compensating circuits for
control of an on load tap changing transformer are shown in

Aine “:“m Line Impedonce

Z =R+ A%

Control Circuit

- sending end voltage e, voltage transformer
output voltage
3)"‘“ voltage drop e, compensator voltage drop
?«lm end voltage e, regulating relay voltage
,_ - resistance R, compensator resistance
Xc compensator reactance
i, C.T. secondary current
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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.

Quadrature Boosters

Quadrature boosters or phase angle control units in
Ject a voltage
with & major component at 90 degrees to the existing voltage. 3

This is done by combining voltages from different phases instead
of the same phase. Numerous combinations are possible but the general
method is illustrated in Figure 11. This view {s lettered similsrly to
Figure 10.

A A

£ sep&!ale volti
atrmqﬂﬂﬂt o
Winding regulating transformer

r
unit - Booster transforme

pigure 10
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Induction and moving coil requlator

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 requlator

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.

®output=d 1 +d 2 depending on the position of moving coil.

241 of 261



Section 3 — Underground Cables

Y NV ——————¢ :
L V, M = A,
\’! 3\ N '\f = Im |\‘:"\ f Vo L t g ¢
: '_L' e V7 v = A‘r"‘\J:LTL’!,J' Cerries Ve L ?'fi._‘/ e
Fi 436
V2=V +/-V1
V+/-V1=V2

V= Input voltage
V1= Injected series voltage

Moving Coil Requlator

In the construction of a moving coil regulator, there are two pair s of closely
coupled shunt and series coils Al, 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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Input Oulput
M
r
|
Az ' 53
|
Figure 12
m' In‘JtU-l. 1“6\)5'&!‘! of the sho rtecirculted coll U. vhen in e
LOp position, reduces the voltage mcross A: to a minimum and incresses
that across A to a maximum. The voltage induced in 8 i» 't'""""'
8 minisum and that in 82 a maximum. The output voltage 18 varied 2
Ah amount depending mainly on the ratios f',-'A. and 8, /A1.

For voltage regulation on feeders a varistion of from 1081
208 is usually sufficient.

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 %2 percent boost. With this arrangement, for
a heavy load, the voltage regulation is plus 5 percent and for light load, it is
minus 1 %2 percent.

Note

Zone transformer 10% boost
Variation of far distribution transformer off-load
Tap changer to 2 ¥2 % 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.

Figure 17
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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, = (E1/E2)%? R,

R, = Resistance referred to voltage E2
R 1 = Resistance referred to voltage E1

E1l 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

WV Distribution Feedar

Nz =2
VeSO v - Ng=2
2 | Neea ‘g Laat Distributios
VL" Ta
Firat buMn uhor\ :
Tranaform
Nmr NC;DV rl.'
l |
Cmsum‘n Conaumers

Simplified single line diagram
Figure 14

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 Q/ km and reactance of 0.296 Q/ km.

100 x 10°
Line current = --------------------- =133 Amp

~| 3 X 433

Vdrop =1 (R Cos® + X Sin ®)
=133(0.119x0.8 +0.148 x 0.6)
=133 (0.0952 + 0.0888)
=133 x0.184 = 24.5V
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433
Receiving end voltage = --------- -24.5=2255V/Phor390.5V /line

N 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.

0:Q R

(.0 e s
\\\\-\ 4

| , 3
1y (‘ Smeing )

0 & = s = &
G, ) ‘ R [ 04 6am (SPACING)
9 e | il et 2 A e
| 1086 -~ ,
O: b i 3 | 1 0/8om (SPACING)
1 | d -, -
0 C I [ o Clif I G
¥e'D —t i 1
- 3 4 C ’) -
‘ 5 No.of CIR LTS
(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 mainis 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.

V2 Voltage drop (2)

Side Voltage drop | Side \oltage drop
11 KV line | 12.19 KV 415V
11000 12.19 x 10°
415 V2
V2 =459V

11 KV line | 212V 415V
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drop 11000 212
415 V2
V2=8V
11 KV 318V 415
Transformer 11000 212
drop e = e
415 V2
V2=12V
415V 2V
main
415V 10V
Sub
main
415V 6V
Final
Sub
circuit

SHDO 3RZHU

$SSDUHQW
V | (Single Phase)

3 V I (Three phase)

U

9 , &RV 1 6LQJOH SKDVH

SHDFWLYH 3RZHU 9

-

.9%$5 , PSURYHG -WDQ.
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

®1=Cos 10.71 =41
®2=Cos 10.9=26

Kw =200 x 0.71 = 151 Kvar

Kvar correction = 151 ( tan 41 - tan 26) = 65.2 Kvar

V2 4152
) (e o e
Kvar  65.2/3 x 1000
1
C = =100 micro farad
2171 f Xc
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REVIEW QUESTIONS FOR SECTION 3 AND 4
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Review questions for Section 3

1. What are the most commonly used insulating materials used for cables? Describe
briefly the one that is used in distribution cables.

2. Describe briefly the following terms:

(a) Conductor screening

(b) Insulation

(c) Sheath

(d) Pre-impregnaied cable
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Review guestions for Section 3

(¢) Mass-impregnated cable

(f) Drain cable

(2) Non-bleeding cable

(h) Bedding

(i) Armour

Sketch the construction of a belied cable as used on 11 kV feeders. State the
limitation 10 this type of cable and how has this been overcome for cables used at

higher volages.
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Section 3

polyvinyl chloride
cross-linked polyvinyl
ethylene propylene rubber
impregnated paper

The majority of cables used for distribution work are impregnated paper insulated cables with a
lead or lead alloy sheath.

2 (a) Conductor screening is used to evenly distribute electrical stress in the surrounding insulation.
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(b) This consists of layers of paper tapes
built up to the required thickness with
a gap between each tum to allow for
movement of the papers during the
bending of the cable.

(c) Sheath is a protective covering of
cither extruded lead, Jead alloy or
aluminium 1o exclude moisture.

(d) The paper tapes used for insulation are
impregnated before application 10 the
conductors.

(e) The paper tapes are applied
unimpregnated, the complete cable
being subsequently dried and
impregnated as a whole.

(f) A mass impregnated cable from which the free impregnated compound is removed by draining
at a temperature in excess of the maximum working temperature.

(2) An impregnated cable which will not exude the impregnated material under working
conditions.

(h) A layer/layers of fibrous material usually permeated with waterproof compound applied to the
cable beneath the armounng.

(i) Galvanised steel wire or steel tapes wound over the bedding on the lead sheath to give
mechanical protection to the cable,

)

Sheath

Belied construction tends 1o fail at about 22 kV due 10 tangential stress. To overcome this
problem, screen cables are used.
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Review questions for Section 3

The voltage designation of a distribution cable is given as 6.35/11 kV. State the
meaning of each term.

Describe the associated precautions in the installation of cables.

A 33 kV multicore lead sheathed cable has a minimum bending radius of 18D. State
the meaning of this term.

Describe briefly the sheath phenomenon.  Sketch the sheath eddies where two single
core cables are carrying current.
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635 - the rated power frequency voltage to carth is 6.35 kV
11 kV - the rated power frequency voltage between conductors is 11 kV,

drums of cable must not be dropped

drum must always be rolled in the direction of the armow

cables should be installed only when both cable and ambient temperature are above 0°C
suitable supports must be used

bending radii for paper insulated cable should be as large as possible

appropriate method must be used when pulling cables into ducts or trenches

18D - the bending radii must be at least cighteen times the diameter of the overall diameter of the
cable.

It is the induced electromotive forces in the sheaths of single core cables which might cause heavy
current to flow.

» the thermal capacity of the cable
® the depth of burial in the soil
= the type of soil (eg. sand, clay)
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Review questions for Section 4

Describe briefly the causes of voltage variations

State the limit of voltage variation in a distribution system per AS 3000, Part | - the
SAA Wiring Rules.

Describe briefly the effect of voltage variations.

State the three general methods of voltage control.
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Review questions for Section 4

5. List five voltage control devices used in distribution systems.

6. Describe the use of voltage profile chans.
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7762AA Electrical Distribution (1)
Module Teacher-- U Kyaw Naing (Joe) Delivery mode= 4 hrs per weeks x 9 weeks= 36 Hrs
Main text book recommended for 7762AA Electrical Distribution

2832P Distribution and Utilization A
(Published by Department of Technical and Further Education-NSW)

Unit Contents Module/

Learning Outcomes
Unit 1 of | Design concept, character of plant, size and 7762-AA
2832P character of load, type of power supply to load, Learning outcome 1

service requirement
+ 7762AA Module book

Unit 2 of | Transmission line construction T762AA

2832P Mechanical properties, overhead lines conductors, | Learning outcome 2
damper, fitting, insulator, OH line construction and | +
maintenance regulations, sag etc Some components of Learning
+7762AA Module book outcome 3

Unit 3 of | Voltage regulation, control, transformer 7762-AA

2832P impedance+7762AA Module book Learning outcome 4

Australian Standards-

AS 1026, 1023, 1034, 1042, 1078,1117,1158,1190,1202,1220,1222,1243,1284,1359,
1360,1469,1531,1675,1680,1746,1767,1768,1798,1824,1883,1930,1931,2005,2006,2184,2209,2263,22
64,2326,2374,2421,3000,3116,3274

Other text books

Text book Learning Outcomes of 7762AA Module

Generation, Transmission and Utilization of | Supporting reference
Electrical Power By AT Starr

Basic Training Manual 16-12 Electrical Trades- | Some components of Learning outcome 3
Cable, conduits, busbar

Electrical Distribution Engineering Support for Learning outcome 1,3

Electrical Power Distribution & Transmission Support for Learning outcome 2,

Electrical Power Transmission System-By R | Support for Learning outcome 1,2,
Robert Eata, Edward Cohen

Site Surveying & Levelling By John Clancy + | Survey for transmission line construction site
Internet downloaded article-Software package | and route + contour map of Learning outcome
for line route survey 2 especially for Line Design Project

+ Transmission line mechanical design
(Electrical Power Transmission System)

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



9. Yard, roadway, protective lighting

Limit of Distribution

Figure 1.1

§STATIoN - CoNSUMER SERvICE LINE

Limi T
oF —H

DISTRIBUTLON

Fl'\cj j- |

System of distribution

e Qverhead distribution

e Underground distribution

e 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




Fig 1.2
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Parallel Feeder

Fig 1.4
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Ring main feeder
Fig 1.5

2ONE SUBSTATION

CB B
C3 (@) 3 c8 ch () ,ca c;;I
- i i
26 & cp lc,’;
A L v T
AL o ~~ =
Frgd5
3 ¢3 - g
)

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.



Single busbar

Fig 1.6
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Duplicate busbar

Fig 1.7
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Sectionalize busbar system

Fig 1.8
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Fig 1.9
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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

01

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.
25+24+43+16

182 =

Maximum demand of the transformer.

25+24+43+16
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

e Overhead distribution

e Underground distribution

e 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
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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

i

SOURCE

Advantage-- Simple to build and maintain

Disadvantage-- Unreliable

Parallel Feeder

Fig 1.13

§ ConSumeER

Frg 112

e CONS W B 7R

SOURCE

Frg 3

Advantage-- Reliability is improved over radial feeder
Disadvantage- Expensive and more complex to operate

Ring main feeder

r
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Fig 1.14
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Advantage-- Very reliable due to multiple sources and two ways of power flow

Disadvantage-- Very expensive and complicated to operate

14



08

Draw a block diagram of a power system from generation to utilisation and on it, show typical voltages

Answer
Fig 1.15
(REMERATION By TR ANSMICSI O Locar TRANS mISSION
§o0kv, 330KV 132KV, 66kv, 33KV
W TiLiSAToN : DI TRIBUTioN
WKv | Lkigy
Fogi-ig
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Sketch the following busbar arrangements
-Single busbar

-Sectionalise busbar

-Ring busbar

-Duplicate Busbar

Answer
Single busbar

Fig 1.16
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Single busbar
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Sectionalise busbar

Fig 1.17

Ring busbar

Fig 1.18

Incomng supphes

Creut breskers
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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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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.



Fig 2.5
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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
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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?copper or 16mm? aluminium.

Fig 2.9




Total CSA =4 mm? copper or 16mm? aluminium

The length of span of aerial conductor

Fig 2.10
\\\ S
CONDUCTOR
TRt ToweR(2)
e PAN——— —~
()
F i 2-lo
Rule 3.13.9

The length of span of copper aerial conductor shall not exceed the values given below,

Type of conductor Size mm® Maximum span (metres)
Bare hard drawn conductors 4 25
6 30
16 or over 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

e Galvanizing
e 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
e Most economical



e Shorter Span
e Not so frequently used for distribution work

Steel Conductor
e Very economical for rural distribution

Aluminium/ Aluminium Alloy Conductor

e Financial saving over copper

e Use in suburban work

e Span lengths are relatively short allowing for lower line tension

Conductor current rating

The current rating of overhead conductor depends on

e Heating
e Voltage drop
e Power losses

The current carrying capacity of an overhead conductor is limited by

e Annealing temperature of conductor
e The expansion due to temperature rise which causes a reduction of statutory clearance
e Atemperature 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 ©<, 12 o<

Cross Sectional Area

Where Power loss means consumer power loss and line power loss.



Cross sectional area of the conductor determines the capital cost.

Materials for over head line conductors

Materials for overhead line conductor is determined by

e Electrical properties such as resistance, reactance, current carrying capacity of the conductor
e Mechanical properties such as strength and weight

e 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.



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)
GYl LV and 11KV 712.75 27
GY2 11KV 19/2.00 71
GY3 22KV 19/2.75 222
GY4 33KV 19/2.75 222
Insulator pin

e Made of hot rolled carbon steel and galvanized
e Alloy lead -- 95% lead and 5% antimony
e PpatternA,B,C




e A- Used for both medium and high voltage insulators
e B-Used for insulator of voltage up to 600V
e C- Used for high voltage insulator

Interpretation

Type/ Stem length / Failing load

Pin Type Shank Size
B /100 / 35 140 x 16 mm
A /130 /7 165 x 20 mm
C /150 [/ 7 165 x 20 mm
CcC /150 /11 165 x 24 mm
C /200 /11 165 x 24 mm
B /300 /7 165 x 24 mm
Example

C/300 /7

C Type Stem length 300 mm Transversed failing load 7 KN.

Causes of insulator failure

Cracking of porcelain

Porosity of porcelain

Puncture of weak porcelain

Shattering of insulatoir caused by power arc

Flash over of insulator caused by dust/ salt deposits
Failure of insulator from excessive mechanical stress
Short circuit caused by birds or animals

NogogkrwnhE

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°C

The maximum conductor tension in still air at 5 © 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 */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.




Helically formed fittings

Fig 2.13
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Helically formed fitting is applied to a conductor at the support point.
Line Guard

Features:

e Shorter in length

Smaller diameter wire

Used at conductor support

To protect the conductor against flash over burn

Termination or dead ends

e Helically formed wires
e Leaving loop to which tension is applied

Insulation material for conductor

Polyvinyl Chloride (PVC)
e Low temperature, tearability, oil resistance, termite resistance
e Fuse / protective devices must be sufficiently sensitive to prevent PVC approaching softening point.

Ethylene Propylene Rubber (EPR)
e Thermosetting, excellent thermal electrical properties
e Higher dielectric , greater resistance to corona

Impregnated Paper
e Must be free from inperfection , High dielectric strength

Cross Linked Polyehylene (XLPE)

e Used for power cables

e Extremely good chemical resistant insulation
e Short time operation at 130° C

10



e Continuous operation at 90 ° C
e Short circuit performance at 250 ° C
e Lightness

Compacted conductors
e Used for 1.9/ 3.3 KV cables
e 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
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The following regulations are extracted from Overhead Line Construction Regulations of NSW (1983)

Requlation 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)

Requlation 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

11



Learning Outcome 2.3 Determine Mechanical & Physical dimension of line

Sag
Fig 2.15

RE e DT

[OWER Towér

Fig 2 |5

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 15°C with wind loading of 500 Pascal on the projected area of
conductor

2. Sag and tension at no wind and ambient temperature of 5°C .

3. Sag at 5°C 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?
S=
8T
Where

S = Sag in metres

L = Length of span in metres

W = Combined load of gravitational force and wind force on conductor at one metre length
T = Tension in conductor (Newton)

8x S?

Length of cable (Metre) = L +
3 xL
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 = 26600N

Gravitational force =5.949N/ m

Diameter of conductor =10.5 mm

Wind loading per metre =diameter in metre x wind loading in Pascal

=10.5 x 10 *x500
=5.25N/m

12



Combined load of gravitational force and wind =
force on conductor at one metre length \I Wo 2+ W |2

J 5.949 °+5.25°
=7.934 N/ m
w L2 7.934 x 150 2

Sag = = =1.678 m
8T 8 x 26600 x 0.5

Erection Sag

It is necessary to calculate the tension and sag under conditions at the time of erection.

Factors to vary sag and tension
e Elasticity
e 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
‘T\\giﬁ, A
!
l‘ﬁ 216
hy U ho.
> SAG= l\l—hL
i Fig2.16

Sag:hl'hz

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.

13



(b) Wave Timing Method

Fig 2.17
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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 = \I Sag in metre

t= Time in seconds for 3 return waves

(c) Optical Range Finder Method

Fig 2.18
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Sag=h;-h,

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

e Cheapest
e Made from larch, sprace, cedar, pine, fir trees
e Southern Yellow Pine , Dogulas Pine are mostly used.

14



Review Questions

Review Questions are extracted from EA 153 - 7762 AA Electrical Distribution Module Book

Review Questions for Section 2-Over Head Line

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.

ta

Name the three factors that determine conductor current rating.

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

Answers for Q1 to 4

15



1. = electrical properties such as resistance, reactance and current camying capacity
mechanical properties such as tensile strength and weight
Initial cost of the material used

hand drawn copper

all aluminium conductor (AAC)

all aluminium alloy conductor (AAAC)
aluminium conductors steel reinforced (ACSR)
steel conductors galvanised (SC/GZ)

steel conductors aluminium clad (SC/AC)

conductor size
» permissible operating lemperature
=  Maximum likely ambient temperature

w
-

ambient temperature

wind velocity

heat absorbed from solar radiation
heat loss by convection

heat loss by radiation

heat generated by the line current

Review questions for Section 2

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

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.

16



Review questions for Section 2

9.  Define pole rake.

10. Draw simple sketches of the following pole footings and describe their usages.
- plain footing
- concrete slab footing
- concreted footing
- baulk footing

Answers for Q5 to 10

5.  The standard methods are:
= galvanising
= coating with aluminium (aluminium clad)

7. = fitting galvanised pole caps 10 prevent deteriation from atmospheric condition
ushgpruewaﬁwoﬂsmdwdxmepmmaﬁvesfmﬁd“mgthmummofpdes
= creosote, tanalith and pentachlorophenol are used for preservative treatment.

8. = depth of pole in the ground
= bearing propertics of the soil

9. Pole rake is the inclination of the pole for a rake of pole diameter at the top of the pole when the
pole is used for angle and termination poles which are stayed.

10. Pole
I=
Backfill Backfill
b
Plain footing Concrete slab
Baulk of 250 x 100 mm Load
cross section o
i
' {
1 i
Baulk footing '

17



~ Review questions for Section 2

11.  State the factors that determine the life of poles.

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

1234
u
12-GB-§
4 NR

Label

13.  Describe how pole strength is classified.

18



© Review questions for Section 2

14. A crossarm 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 term.

19



Review guestions for Section 2

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

18.  Sketch ‘creepage’ of an insulator.

19.  Describe the use of ‘arcing homs.”

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

Answers for Question 11 to 20

20



12.

19.

20.

21.

= weather condition

= probability of fungus or termite attack

® original preservative treatment

= maintenance program

1234 - pole identification number

n - year of felling (1977)

12-GB-S - pole length is 12 metres, species of timber is Grey Box, Timber is from South Coast
4NR - strength is 4 kN, pole type is naturally round

STC - name of supplier

According to ultimate extreme fibre stress that is allowed.

22 - the cross is 2.7 metres long

Pi6 - four pin type insulators of 16 mm pin diameter
100 x 100 - cross section is 100 mm deep by 100 mm wide
* pin

»  shackle

= disc

ALP - aerodynamic type line pin insulator
33 - use for 33 kV
920 - the minimum creepage distance is 920 mm

EA - use eye bolt suppon
2D - has two disc insulator

Creepage is the distance between A and B

Use 10 prevent the cracking of porcelain for an insulator in the case of flashover due to lightning.
The electrodes of an ‘arcing hom' provide a discharging path for the arcing caused by lightning.
» the working strength of the material used

®  maximum tensions 10 be exerted on the conductor
® armour rods and vibration dampers used for reinforcing

Review questions for Section 2

Describe briefly the two methods used in sag measurement.

Sketch the following stay anchorages.
- used in solid rock formation

- used in weak rock formation

- used in soil

21



Review questions for Section 2

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 Joading is 500 pascals and
the maximum conductor tension is 10 be 50 percent of the ultimate tensile strength.

BARE STRANDED HARD DRAWN COPPER CONDUCTORS

Stranding |Sectional | overall | Ultimate | Mass  |Gravisational | Wind lood | Reswltant | Resistance
oqui’ diameter | tensile kg/m | force (Nim) | at 500 Pa |load at 500 | per Km at
: mm  {sength N (NAm) Pa (Nim)
(OHMS)
MM 550 300 | 2310 0049 0483 1.500 1576 32
mas 859 375 | 3610 0077 0754 1875 2021
mas 1684 525 | 68% 0151 1.480 2625 3013 106
200 2199 600 | 9020 0197 195 3000 3568 0815
mnIs 41.58 825 | 16700 0375 3675 4125 5525 0433
7350 67.35 1050 | 26600 0.607 5549 5250 79 0.268
191.75 4570 875 | 18300 0413 am7 4375 5960 0395
192.00 59.69 10.00 | 23900 0.538 san 5000 7266 0.302
19275 | 112% 1380 | 44500 1020 9990 6900 12,146 0160
197300 [ 13430 1500 | S2800 1210 11858 7.500 14031 0134
TABLE |

TEMPERATURE COEFRICIENT OF RESISTANCE = 0.00381 peRr “C AT 20°C

Working:

Answer for Question 21 to 23

21.  Sight boards
They are fixed 10 two poles of the span at the appropriate height for the desired sag. The
conductor is then pulley up to line with a sight taken between the two boards.

Wave timing
With 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 can then be calculated from the formula
JSag in metres

0.03408
t = time in seconds for 3 retum waves

1=

23,  Sag = 1.678 metres

22
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2.4 Overhead line Mechanical Design
Step (1) Calculate bending moment on pole

< Wind force (Fw
S— ()

A

Bending moment= Fw x h (N-m)

h= height of pole (m)

h
[
v
d2
Wind force on pole
47 Total Bending moment = Bending moment caused + Bending moment
by wind force on pole caused by wind
force in conductor
A\
\ Wind force on conductor
[
dl Bending moment caused by = Wind pressure (Pa) x h2( d./6+d,/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 xC where f = maximum fibre stress N/ m? , M= Total bending moment,
| ¢ = Distance from extreme fibre of cross section to neutral axis.

J )

for conductor c=d/2

Wd“

I= Moment of inertia for circular shape = ----------==--==----—- =0.049d*

",
—

For Trapizium shape d,




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?)

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. NO 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 249%x10° N/m? 5 Cheap
Western red cedar 38.84x10° N/m? 8 Cheap
Long leaf yellow pine 51.3x10° N/m? 10 Moderate
Wallaha 77.79x10°% N/m? 15 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 =10.17m
Bending moment caused by = Wind pressure (Pa) x h? (dy/6+dy3)
wind force on pole
(N-m)
=196.2 x (10.17) % x (30.48/ 6 X100 +20.32 / 3x 100)
= 2404 N-m ---------mmmmmmmee- (a)
Fig 2.2

Total diameter of conductor = Conductor diameter + Thickness of ice
=1.34+2.54 =3.88cm

Bending moment caused by = Wind pressure x The area of x No of xh

wind force on conductors conductor conductor
subjected to
wind for the
whole span
=196.2 x45.7x3.88/100 x3x10.17
= 10614 N-m (b)

Total bending moment = (a) + (b) = 2404 + 10614 = 13018 N-m



Step (2)

Maximum fibre stress = f =

= 13018 xd/2

0.049d *

13018

.098 x (25.4 x 107%)?

=8.095x 10° N/ m?

By taking safety factor 2 (Given)= Working stress = 4.047 N/ m?

Type of wood Ultimate stress Safety factor | Working stress Cost
Northern white cedar | 20x10°® N/m? 5 4x10° N/m? Cheap
Western red cedar 328x10° N/m? 8 4.1x10°% N/m? Cheap
Long leaf yellow pine | 51.3x10° N/m? 10 5.13x10° N/m? | Moderate
Wallaha 77.79x10°% N/m? 15 5.18 x10° N/m? 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?)

730 x2 x13018

51.3x10° N/m?

0.37

0.718

Diameter = ------------ =0.228m =22.8cm

1T



Design of quy wire

Wire:1

Wire 2

P

< A
Wind pressure

<«

a h1 h2 hw

G

Take moment centre at ground (G) Guy Wire

Total moment = T Cos a + h = Wire 1 Force x hy + Wire 2 Force x h , + Wind force x h

Total moment
Stress in guy wire =

3
0.0982 xd

d= Total moment

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”
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°N/m?, calculate the diameter of guy wire.



Fig 3.1

433 Kyvq.9

Feo= \QG-’leg Jr R
For 2w g{""‘ >
4' l l e
— Yy 45\-
MOMENT
CENTRECH

TCos45x9=433x9.81x10+451x9.81x8+196.2x25x7

433x9.81x10+451x9.81x8+196.2x25x7

9 Cos 45

433x9.81x10+451x9.81x8+196.2x25x7

9x 0.707

=12776 N

TH TH=T Cos 45 = 12776 x Cos 45 = 9033N
TV= T Sin45 =12776 x Sin 45 =9033 N

~ MOMENT CenNnTRCE

| 1 ; r\j R
Total moment = Clock wise +, Anti Clockwise -

=+433x9.81x1-451x9.81x1-196.2x25x%x2
= 4247.73 - 4424.3 - 981

= -1131

= 1131 N-m Anti Clockwise

Prg3.



Diameter of guy wire = Total moment

3 Stress in guy wire x 0.0982
AN
= 1131
3| 3317x10° x0.982
=0.015mOR 1.5¢cm
Cross Arm Design
Fig 3.3, 3.4, 3.5
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Problem

Fig 3.6

F'jg.}
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In given figure, if total moment on cross arm due to conductor / pin load is 493 N-m, calculate stress.

M 493
f= =
1/C 1/6 (11.4/100)% {9/100 - 2.54/100}
493
1x 114x11.4 x 6.46
6 x 100 x 100 x 100
493
= =390x10* N/m?
0.0007929
Bolt Design
Fig3.7
i
b
e
ESE
e |
el
| o
| Fig 3.9



w

Unit pressure on bolt in cross arm =

b 1 X d
Pin Design
Fig 3.8
D
o
| n
1
- )‘ l g X
ch Fi 93.2
Pxh
Stress =
0.0982 x d ®
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°N/m?. Take safety factor 2.

P »
<« »

3 No 4 conductor 4 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 = \] 282282 + 12648 2

= 282578 N-m

Safety factor = 2

730 x Safety factor x Total bending moment
Circumference =

3 Ultimate stress of wood selected



730 x 2 x 282578

3 51.3x10°

=2m

Circumference 2
Diameter = T e =0.637 m =63.7 cm

—|T 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




(11.4/100) 2 x (9/100 -2.54/100)

6
= 0.00007929
M 493
f= = =390 x 10 * N/m?
1 /C 0.00007929
Double arm
Fig 3.10

Bearing strength on inclined surface at the angle to direction of grain.

f.=f Sin>d +nCos? a

Where a = 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.

10



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 29 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.



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
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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

~



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.

Fig4.2,4.3,4.4,45
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2.6 Recall requlations pertaining to overhead lines
Wind loading /< al 2
Line tension Resultant force on insulator due to change of direction
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Requlation 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 forceon pin=2T Sina/2+W, |Cosa/ 2

For small angle, Cosa/2=1

Thus Resultant force onpin=2T Sina/2+W, |

Where

W, = Wind load on conductor N/m = Wind pressure x Diameter of conductor x 1 m length

| = Span length in metre

T = Maximum tension in conductor (N)

a = 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.

W, = Wind load on conductor =500 x 10.5 x 10 2 =525N/m |=150m

Pinload=2T Sina/2+W, |

40 x 11000 2 x 26600 Sina/2 +5.25x 150

100 2
3612.5
Sina/2 = —eeeeee-
26600
a/2 =178"
a =15.6 ° Angle of deviation

Requlation 14 Loading condition

Wind load =500 Pascal



Requlation 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

Requlation 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.

Requlation 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

Requlation 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.

Requlation 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



Requlation 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 xd ?

W

Where

S = Equivalent horizontal spacing in metres

D =Sag(m)at50° C and no wind

d = Overall diameter of conductor in mm

w, = Resultant load (N/m) due to gravitational force on conductors and 500 Pa horizontal wind load
on the conductor

Minimum separation

e 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.

e 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.

e 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
e Not exceeding 9 m 02 m
e Exceeding 45 m and not exceeding 60 m 0.45m

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

e Automatic interruption to supply in the event of fault condition

e This regulation applies specially to overhead lines of voltages in excess of 650 Volts

e The automatic device should operate within 2 seconds for fault current equivalent to the maximum
progressive values.






3.1 Determine the construction features and insulation abbreviations of underground power
cables

Fig 5.1
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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 99.5 % Purity

Aluminium % H Aluminium as
extruded

Density g/cm® 8.89 2.703 2.700

Resistivity Ohmat20°C 1.7241 x 10° 2.8264 x 10° 2.803 x 10°

Temperature Per® C 0.00393 0.00403 0.00403

coefficient of

resistance

Melting point ‘C 1083 658 658

Coefficient of Per “Cx10° 17 23.8 23.8

elongation

Ultimate tensile K Pa 241 124 83

strength




% H -- 3% Hard

Types of cables

Single core cable
Belted cable
Screened cables

Oil filled cables
Gas filled cables

Rating factor

Multicore SL Cables
Multicore HBL Cables

Plastic insulated cables

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

60
65
70
80

15°C [20°C [25°C |30°C |25°C |30°C |35°C |40°C |45°C
1.14 1.07 1.0 092 |- - - - -
1.12 1.06 1.0 096 |126 |1.18 1.10 1.0 0.89
111 1.05 1.0 094 |122 |1.15 1.08 1.0 0.91
1.09 1.04 1.0 095 |1l16 |1.12 1.06 1.0 0.93

Current rating of cables

The current rating of cables is determined by
e The thermal capacity of the cable

e The voltage drop

e Short circuit capacity

Sheath current

Sheath currents may be divided into two kinds, namely

e Currents whose outward and return paths lie entirely in the sheath of one cable - sheath eddies
e 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
06/1 All types 80 °C
1.9/33
3.8/6.6
6.35/11 Single core 70°C
3 cores-Belted 65 ‘C
3 cores-screened 70°C
12.7122 All types 65 °C
19/33 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.

VexLxl
AV/o [ ———
1000

Where

Vd = Actual voltage drop in volts

V¢ = Unit voltage drop in millivolts per ampere metre (mv / A-m)

L = Route length of circuit

| = Current to be carried by the circuit (Usually maximum demand)

1000 x vd
Ve =

Lxl
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 Vvd

I

Single Phase Vd =




Cable selection based on voltage drop

Load
Consumer

terminals Q MSB

/ /

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®

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?

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 Vvd
L =
I xVc
1000 x vd 25 x 45 x 2.55
25 = Thus Vd = = 2.868 (3 phase voltage drop)

45 x 2.55 1000



2.868
For single phase voltage drop = -------------------- =1.655V

I

V90 cables are clipped to building structure in trefoil formation.

Sub main

Select Table 40 (Page 80 of AS/NZS 3008 1.1 1998)

1000 x Vvd

L =

I xVc

LxIxVc 35x 35 x4.05
Vd = = =4.96V (3 phase voltage drop)

1000 1000

4.96

For single phase voltage drop = =286V

Final sub circuit

|3
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 xVc
LxIxVc 35x20x11.77
vd = = =8.23V
1000 1000
Total single phase voltage drop = 1.655 + 2.86 + 8.23 =12.7 V
5x 240
5% of 240 V = --------mmememmm =12V
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



Take account on external conditions

Take account on temperature

Take account on installation conditions

Set appropriate tension of conductors

Select appropriate materials to enclose cable. Select appropriate cable materials for relevant
condition.

© N O A

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

e Determine overall cross sectional area of each cable to be installed in conduit/ trench / cable way

e Calculate total overall cross sectional area of all cables to be installed in conduit / trench / cable way
trunk.

e Determine required conduit / trench / trunk size
e 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

e 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 % cable
For large cables-- hydraulic crimpers are used.

3.7 Recall cable testing technigues 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
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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=53cm d=2cm Thus D/d=53/2= 2.65

D/d=a® Thus a = 3| 2.65 = 1.384
66 X \J2

Peak voltage on conductor = =53.8 KV

E
E 2 =
1 1
1+ +
a a?
53.8
1 1
1+ +
1.384 1.384°2
53.8
1 1
1 + +
1.384 1.91
= 23.9KV
1
E;= E, ( 1+ e )
a
1
S R N G T — ) 411KV
1.384

Peak voltage

Maximum stress without inter-sheaths =

% dLnD/d

53.8

¥ x2xLn 5.3/2



53.8

Ln 2.65

=55.3 KV/ cm

S max without sheath

\3] (1+a + 02)

Stress maximum with sheath =

) 55.3

\3] (1+1.384 + 1.3842)
) 55.3

\3] (1+1.384 + 1.91)
=38.7KV/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
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Capacitance in 3 core belt type cable

Fig 5.4
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Fig 5.5
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Total capacitance =Cs+2cc

Thus Ca=Cs + 2 Cc------- Eq1l

Allconductors are connected and the capacitance be measured between conductor 1 and the rest.

Fig 5.6
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Thus Cs = -----emn-- Cb
3

By this way the capacitance to sheath is measured.

Then the capacitance between conductor is clculated

Ca=Cs + 2Cc
1
Ca=----- Cb+2Cc
3
1
Cc=%(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 = ——mm- X 4 = 1.333 micro farad
3

When conductor 2 and 3 are connected.
Ca=Cs+2Cc
6=Cs+2Cc
Cs+2Cc=6
133+2Cc=6
6-1.33

Thus Cc = ------------- = 2.335 micro farad
2

Capacitance to neutral Co

0.048 £ 1
Co = X micro farad / Km
T+t t t? 1.609
ICTo | [ A — {3.84- 1.7 - R0 J ) J—— ]
d T T?
Fig 5.7
Lot

d = Conductor diameter
T = Thickness of conductor insulation
t = Thickness of belt insulation

€ = 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° 1.609
o) A e — {3.84- 1.7 ~mermmemev 15 JR—— }
1.65 0.508 0.508 2
0.48x 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

e Arc reflection
e Surge pulse reflection
e 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.

r— laemch

— Cable

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.



S dome coare Comcluts
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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.

Pu()‘\‘,"’ Pi«-kl'\ ba Lk Le“iﬂ Wirre LP’ Cu_‘)‘ Slee
/ / ’ J

‘\?
|
e
/

7\ Wedgg Ferrule oL
J

Lead cat F463

e e ~

| : g e emrn T e s |
gt ynlme 4o0imt

Method

Lead sheath is cut back 60 cm, the paper in 7 cm.

Load sleeve, lead flame, paper tube are passed back along the conductor.

The ferrule is put on and the parts are soldered together.

The paper is pencilled back 3.2 cm and metallised paper is cut back to within 3.8 cm of lead.

The paper tube is slipped into position and fixed by 4 narrow wedges

Which are jammed by layers of oiled silk tape

Joint is filled with compound. No air will be on trapped

Oil proof tape is wrapped over the end of lead sheath to prevent oil from flowing from the joint
into cable

Lead flame is placed in position and lead wire is wrapped on

N A~WNE

©



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

P 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. p =6 x 10 **Q-cm

P D
Insulation resistance of cable = Ln
2 | L 2r
6x10™ 5.08
= Ln
2 x 3.14x 10 *x 10° 1.6

0.955x 10 °x Ln 3.175

=0.955 x 10 ? x 1.155
=1.103 x 10°MQ
=1103 MQ

Problem

In above problem, if the cable is subject to 66KV 3 phase line, find dielectric loss.

E line = 66 KV

]| — = 38104 V

2

Eph

Therefore dielectric loss =
R insulation

38104 2

1103 x 10°©
= 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
50]
| \,/ ~\
Moderate Very good Very good
i<' ( '1
“' ( \‘
o o] 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

e Rectangular for straight line conduit construction.
e 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.

F|g66
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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)

15.5 x 30.5 x 10™



14364 x 10*

472.75
= 303839 Kg / m*
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

e Made of cast iron/ malleable iron/ steel
e Are designed to withstand the loadings of traffic
e May be made of reinforce concrete

Ventilation

e Principal heat source is power loss in windings
e Tube ventilation is natural ventilation

e Large conductors are put in separate ducts

e 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.






4.1 Recall the terminology used in relation to voltage profile

Voltage requlation

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

IRCos@, +I1XSing,

Er
Off load tap changer
Fig 7.1
e
ol
9 e
]
3 Frg 31

+/- 2 % % to +/- 5% of nominal voltage

On load tap changer

Fig 7.2
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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 requlator

@ output=®d 1 + P 2 depending on the position of moving coil.
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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.



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
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Er= Receiving end voltage

Es= [(ErCospr+1IR)*+(ErSingr+IX)2]*



Regulation = --------------m-momomeeee x 100
Er
IR Cospr+IXSindr
T e 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

Off load tap changing transformer
On load tap changing transformer
Booster transformer

Moving coil regulator

Induction regulator

agkrownE

Induction voltage regulator

Fig 7.6
- (TN
L \/\. \/ e S t \
\! 3\ \/‘P, '\f = T P f Vo LTa g (%
,._‘,_L, J Mie A“r"'\JCL’t‘f!,,‘l' Ceryfes VoL m._.), e
Fi 9 3. 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%.



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 %2 % boost.

Voltage requlation by control of current

Fig 7.7
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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, = (E1/E2)? R,

R, = Resistance referred to voltage E2
R 1 = Resistance referred to voltage E1

E1 and E2 are respective voltage levels.



Fig 7.8
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Voltage profile example

The simplified single line diagram of a distribution system is shown in the figure
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
)/ km and reactance of 0.296 Q/ km.

100 x 10°
Line current = ---------=----------- =133 Amp

3 | x433

V drop =1 (R Cos® + X Sin @)

=133(0.119 x 0.8 + 0.148 x 0.6)
=133 (0.0952 + 0.0888)
=133x0.184 = 24.5V
433
Receiving end voltage = --------- -24.5=2255V /Phor390.5 V /line

3

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

() 2 circuits are in each group with spacing of 0.6 m

(b) 3 circuits exist in two touching groups.

Problem

Fig 7.9



(@)

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 KW\
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 inmainis 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 415V
11000 12.19 x 10°
415 V2
V2 =459V
11 KV line | 212V 415V
drop 11000 212
415 V2
V2=8V
11 KV 318V 415
Transformer 11000 212
drop S —
415 V2




V2=12V

415V 2V
main

415V 10V
Sub
main

415V 6V
Final
Sub
circuit

Real Power = V I Cos @ (Single phase) , | 3 VICos ®@ (Three phase)

Reactive Power = V I Sin @ (Single phase)

Apparent Power | 3 V ISin ® (Three phase)
V | (Single Phase)

3 V I (Three phase)

D2

KVAR Improved = KW (tan ® 1 - tan @ 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

®1=Cos 10.71=41

10



®2=Cos 10.9=26

Kw =200 x 0.71 = 151 Kvar

Kvar correction = 151 ( tan 41 - tan 26) = 65.2 Kvar

% 415°*
p (I — S e
Kvar  65.2/3 x 1000
1
C=mmmmmmo - =100 micro farad
2 17 f Xc

11



2.7 Measure ground level, deviation angles and compass bearing

Linear measurement

Measurement having only one dimension

3 Kom
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Angular measurement

The measurement of the angles formed when two straight lines meet.
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Site surveying and levelling

Scale of map

1;25000---- Small scale map.



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

e Involve with the flow of rivers, street

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

e Toillustrate aspects of regional planning

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

e 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

e All streets are named

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

e By designers for initial layout.

e 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.
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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.
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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.
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VERTICAL
Determination of height difference between two points

AlLL finiS

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

RISE

e Second point value is smaller than first point--------- RISE

STATION Pole Now on LINE

Cm E To ME



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)1S=1.87
(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
L
(1.b) 3.125< % 0575% —x%98.2 C
Difference ——f -
(3) 0.9 (2) 4.7 - 1e5*— ' 96.575 D
\\ Difference ]
(3.a) 1.875 0975 —_*|956 E
Difference _( /
(5) 3.375~ (4) 0.25 1.625 4 + 97.225 F
Difference—1" /
~~.(6) 0.595 28 X+ 1100.005 Closed A
Difference—]
ADD ALL ADD ALL ADD ALL ADD ALL
5.6 5.595 4.405 4.4




Rules

1. Data Entry Table

FS

8. Calculation of reduced level

First RL — Fall = Second RL

First RL + Rise = Second Level

9. To Adjust

ADD ALL FS BS

y
RISE

FALL

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
|
5.
Back Sight < Fore Sight
6.
If Second point > First Point----------- FALL
If Second point < First Point------------ RISE
7.
BS\







What is a power grid?

Imagine filing = small salt shaker frorm a large bag of
salt. It would be an extremely difficuls Jjob and rmuch
of the salt would be spilled in the process. However,
if & funrel is used, the large amount of salt being
poured into the top of the funnel is reduced Lo & amall
manageable stream at the narrow end, making the
task of filling the salt shaker much easier,

The power grld works in much the same whay, Extra
high woltage electricity generated at power stations is
dalwvered through the power grid and along the way is
reduced to much lower voltage levels which the
customer is able to manage,

Perhaps the most recognisable part of the power grid
18 the network of high voltage transmission {ines, ;s
supported by large metal pylons, which thread thelr

SO00RV double circut alesl towar

way through the countryside, Crtbar componants of

the grid include switching statlons which connect the

transmuission lines legether and substations with In

which the electricity s chunged to lower voltages., BI0KY singhe sircul atest fowar

The two most eommon forms of Energy uned In the

production of electrielty in New South Wales are e,
which ls burned in Inrge boilers 1o produce steam and
thenes alectrielsy, and water, which i stored In daena

untll [t i needed, Power stations
where the electricity [s generated nre almast always
sited cloge to thelr source of UNECAY,

Once the power s genarated it i3 deliversd to
customers, who may Lve in the eity or the CoLntey,
by using the power grid, 330Ky deubla orcull stosl fower

Extra high voltage transmission lines are neadod to ) ]
carry large amounts of electricity aver long diseances,

In New Bouth Wales most of the transirission lines

Operate ot voltages of 330 klovolts (one idlovals

aquals cne thousand volls) or 192 kiovalts, with athar !

lines operating at 500 and 220 kiloveles These excra

high voltage lines have a higher energy efficianey than _

a large nigrber of lower voltage lines, They are more

. LT 132kY double cirouit slesl fower
BCONIE L0 constrict, operace and malntain,

Most transmission lnes are overhead lines with
aluminium conductors supported by steel lattice
towers, The conductors are insulated fram the towers
by porcelain, glass or synthetie insulatars,
Tranginission lines can alao pe laid underground bue
these are many times more expensive than overhead
lines of equal capacity. :

The pewer carried over the high woltage lines mowst
be changed to 4 lower voltage before it can beused in
the kome or industry. This oecurs In aeveral stages,

@ PACIFIC POWER



Firstly, the electricity is dellvered to substations or

- switching statiens, to either change the voltage level of

the power or to provide a switching point for a number
of transmissiom lines. EMEes Avseid
Your lecal county council (e.g. - then

uses sub-transmission lines to transfer the purchased -

electricity at 132 and 88 kilovolts from Pacific Power
substations to zone substations. The sub-transmission
lines generally have the conductora supported on wood
or concrete poles, (Sometimes these poles also carmy
distribution linea of a lower voltage.) Some sub- .
transmission lines are also placed underground. Onee
the power arrives at a sone substation it is converted
to 22 or 11 kilovelts (22kV or 11 &V, '

Fram this point high voltage distribution lines transfer .
the electricity from zone substations to distribution
substations sited close to homes and factories, whers
it is tranaformed to 240 valls for supply to eustamers,

The flow of high voltage electricity through the power
grid ls controlled from a single control centre n
Sydney. This control centre uses computers and -~
communications ayrteme to enable the operators to
menitor both the Jow of clectriclty and the condition
of the power grid. The powar carried over the axtra *

high voltage lines must be changed to a lower voltage
before it can be used in the home or industry.

Electricity does not recognise seate houndaries,

The NSW power grid is joined to similar power grids
in Victoria and South Australia This enables the

buying and selling of electricity between states.

The connection with the Vietorian grid uses the 330
kdlovolt transmission lines from the Snowy Mountains
Hydro Scheme. In March 1990, the Victorian power
mammemdmmgxﬁmﬂcruthﬁu.émunhya

275 kilovelt line from a terminal station at Heywood in

western Victoria to a substation near Mt Umtme:r in
South Australia.

The South-Eastern Australian puwzrgrid exbendn from
northern New Soith Wales to about 300 kilometres
north of Adelaide, a distance of 2200 kilometres,
making it one of the longest power grids in the world.

The glant three-state grid endbles the more efficient
use of rescurces and a reduced need for generating
plant hecause generating capacity can be shared

' between the three states, Studies are presently baing

undertaken to see il it is posaible to connect
Queensland and Tasmania to the south-east Australian
pml.ru grid.

-

Mew South Wales main power aystem

w500 KV goubls cleul v

W Subalatien
= M KV clouie circud ine B Powdr salion
= 33 k¥ angie circul ing 330 WY cobla

Hoti: Scme knes wil Inflially
DTN i w ey woHage
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ELECTRICITY SUPPLY SYSTEM

Electrical energy is generated and supplied to consumers (domeatic,
commercial and industrial), by way of an "Electricity Supply System",

The major divisions of the supply system are:

a) Gensration )
b) Transmission
a) Di!t:ihubign
d} Utilisatfon)

FIG 1 shows the relationship between these divisions in a simple blaek
diagram.

Generation

Conversion’ of a fuel or other source of energy to electrical energy.:

Transmisgion

Moving large gquantities of electrical anergy over long distances betweer
genarating stations and load centres,

Distribution

Supplying elactrical energy to individual consumars (domestie,
commercial, industrial, transpert).

Dtilization

Use of electrical energy by consumer and conversian back to anothey
energy form (heat, light, mechanical ete)

E H.B.W SUPP SYST
Refer to handout "What is a Power Grid?"

CGeneration gf electrical energy

Carried out by "The Electricity Commission of N.3.W." (trading as
Pacific Power)
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Hethods used in N.S5.W. to generate elegtricity in commercial guantitis,

a 2am The cle:

Refer to handout "How Electricity is Made":

Coal fired boilers convert water to steam,

steam drives steam turbine,

steam turbine drives alternator to produce electricity.
acoounts for »>90% of total statae demand .

b) Hydro-Electrie cycles

Refer to handout "Hydro Electris Genaration":

- Flowing water drives water turkine,

- water turbine drivea alternator to produce alectricity,
- can supply up to 25% of maximum demand ,
fied
natural gas powared turbines driving alternator,
- small output for emergency supplies, hospitals, large
buildings,
- usually for emergenecy start-up of system or peak loading.

d) Internal Combustion Engine:

diesel engine drives alternator.
small output for emergency supplies, hospitalas, large
buildings, industrial complexes .,

Hotwe: More detail about other sources and generation in "Generation
of Electrical Energy" topie.

ng';jgn g{ Power Stations in M,8.W.
Major Thermal Stations Py

Located on or near coalfields, to provide cheap supply of fuel, (Hunte.
Valley, Central Coast, Lithgow),

Unfortunately, they are far from the major lead centres (S8ydney,
Newcastle, Wollongong)

I ’ !

Located in the Snowy Mountains and Kangaroo Vallaey,
The output of Snowy Mountains is shared between N.3.W, and Victoria.

Ga u es {

Located strategically throughout the state to provide emergency supply
to re-start the system in the event of a major system fault ar shutdown
(known as a "Black Start").
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Dis=al- ranal Comb 5

Located in industrial sites, large buildings, hospitals ete far
providing Un-interrupted Power Supplies (UPS) far camputers and
emergency egquipment when the narmal supply fails,

ltern r (@ rat Size and ti

The size (rating) of Turbo-Alternators in power stations is specifiad
for:

a) frequency (50Hz),

b generated voltage (typical thrae pPhase 16.5kv or 23kv),

c} power output (typical 500 or 660 megawatts),

Tha electrical pawer transmission system in N.3.W. consists of an
interconnected :;g_nt'E;trt.ﬂiyhnypl;;gq (EHV) and High Voltage (HV)
overhead transmissisn linea) linking the major power stations with laad
centresy

Quastion??:
:

To reduce power losses in tranamisaion,

Power loss in a transmission line P = I?R (power proportiocnal te current
squared), so that if the valus of eurrent flewing in the line is
reduced, then power loss will also be reduced (4 current raduces powar

losa to $)

If the level of transmission voltage is 1;;E!.|lg, and the current level
is ﬂlﬁf"‘iﬂ by the same proportion, then the Jams power will be
transmitted since power P = EI.

IIlﬂliEImfI! are used to step-up and atep-down voltage levels in the
[ steam,

ransmission sy
EHV (500kV and 330kV) is used in the transmission system,

The output valtage of the alternators {23kV) is stepped-up to 330kV or
S00kV for transmissisn on the EHV overhead transmissisn lines.

The overhaad (0/H) transmission lipes carry tha energy to larga
substations, located on the outer perimeter of major load centres.

In these large substations, transformers step-down the voltage level so
that a Sub-Transmission system may supply smaller substations in each
district, Voltages on the Sub-Transmissieon system are 132kV and EEkV.

Sub-Transmissian substations alse have transformers which step down the

voltage further, for supply to the Distribution System through gv

overhead lines and underground (UG) cableg.

Nota: Some large industrial consumers are supplisd at Syh-
Transmissisn voltages, through "Bulk Supply Points".
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Electrical Power Diskribution System in N.3.W.

The Distribution System is a series of smaller substations and HV o/H
lines and UG cables to supply power te all consumers premises.

Distribution voltages range from 33kV - 22kV - 11kV - 415V - 240V.
Transformers are used to step-down to these different voltage levels in
small substations in streeta (on pole tops, or in green Footpath
cabinets), or in customer premises (factories and buildings).

1 tion of Electri Ena

Customers receive supplies at various voltagas, depending on their load
ragquirements.

415 wvolts 3 phaze

415 volts 2 phase P}
240 volts 1 phase 9
;15 volts 3 phase

11kv to own transformer on site (office block)

;15 volts 3 phase (small factories)

Lilkv to own transformer (larger factories)

33kV & B6kY large industrial complex (cil refineries etal
132kv large power requirements to own substation on

site (BHP steel works, ALCAN aluminium smelter)

Generation?
Boilers, Turbines, Alternators, Step-up transformers.
? g P {

Tranamission linea (OH & US), substations, bhulk supply pointsa, step-down
transformers, circuit breakers.

Distributiony
Transmission lines (OH & UG), step-down transformers, metering eqguipment
Utilization: .

Consumer items of machinery, lighting, transformers, motors, furnaces,
boilers, heaters, appliances.
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POWER GENERATION

De itions ed in eratio

Refer to the total system demand curves shown in FIGQ 1.
THIS DAY OF POWER

L i e
e et I

e e
= T T T
Loy

=1

=

PESCENTAGHE OF Al B @ARTER DM kbAMD

Base Load: Minimum total system demand that is required 24 hours a
day.

Thermal stations are cperated to supply this demand. The moat
efficient generators operated at maximum output continuously and are
called base load generators.

Peak (Max) Load: Maximum loading (demand) for power on the system in
a 24 hour period.

The peak loading is usually a short duration (2 hours) in morning and/far
evening.

Hydro-electric and gas turbines have , and are used
in addition to base load gensrators to supply the extra power at peak
loading times.

] in va: The axtra ocutput that can be supplied from an in
service (spinning) generator that is not supplying
its maximum output, :

The most afficiant ginQrating plant is adjusted to give maximum sutput
continuously.

Less efficient thermal plant is operated at less than its maximum output
and is adjusted to meet thes varying syatem load.

The reserve output available from these machinea, can be obtained
immediately it is required, in the event of a sudden inereasa in systam
load, or a breakdown of bhase load generators.
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Steam Thermal Power Station'

Can ba: a) coal fired boilers
b) nuclear reactor
<) geothermal (heat from within the earth)
¥ - steam direct to turbine (2000MW in USA)
= hot water/warm water

a) Coal Pired Power Statiom

Refer to handout "How Electricity is Madae" and FIG 2 below.

b, %
0@t ’

Main parta of plant:

Beiler(l):Converts water to steam in boiler tubes (81) held in
g Steam must be dry (no water) otherwise damags will be

drum (2,.

to the blades of the steam turbine, ag Steam is passad through

superheater (52) to remove watar,

Steam is also passed back through boiler reheatsr (83) to
obtain extra heat, aftar passing through first stage of

turbine.

Fulverised coal is blown ints beitler {9) and burnt, the air

supply being provided by forced draught (FD) fan (10).

Gases are removed from boiler to chimney by induced draught

{ID) fan (11).

There are three stages of turbine, High Pressure (HP),
Medium Pressure (MP), and Low Pressure (LP). .

Steam impinges on blades of turbine, te cause rotation,

The turbine takes many hours to heat up before it can he
operated, as there is only small clearance between fixed and
moving blades and they must expand at the same rate otherwise

damage will occur.
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actrica lterna s
Rotating electrical machine driven by the steam turbine.
Froduces a three phase set of AC voltages,
Voltages are induced into three sets of windings on the stato
(stationary part of machine) by a magnetic fisld system on ths
rotor (rotating part of machine).
More details of alternators in AC Machines topie,

After steam has Passad through tha turbine, it is condensed
back to water in condenser (6) reheated in reheater (7) ao
that it can be reacycled and pumped back into the boller with
feedpump (8),

The condenser requires guantities of coaling water, and the

availability of plentiful water will determine the method of
coaling used,

Methods of Cooling Spent Steam

Pig 3 shows four different mathodas used te condense used steam before
returning it to the boiler. If there are large quantities of cooling

water available from laks, river or ocean, then wet cocling mathoda cap
be used, otherwise a dry ceoling methed must be used.

i Exhaust
Steam

Coallng
Water

Lake phny Cooling
Water
Lake Cooling Indirect Dry

Cooling Tower

Pump Cooling W
Watar

Wet Cooling Tower

Ajr Fan Alr
Flow Flonwr
EIg 3
Direct Dry Cocling
Tower
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o

tal o - Coal we Lons

Environmental effects can include air Follution, disposal of coal ash
and heating of waterways by the cooling water,

SET DY : :

The overall afficiency of a modern coal fired steam thermal generating
station is aﬂf:uiihﬂtiir 35%4

Mast heat is lost in the smcke atack and in condensing steam back to
water.

FIG 4 shows the approximate proportions of powsr between each part of a
coal fired thermal statien.

i'm.lulck
(DR
'1 MW steam: SEO°E, 108 MP2 |abickunel
wectric oovwer
Himator  feje—
Halber
a0 M 12 MW
LT 80 kg'y  canling watar In
f
conda nasr ! fy=1 = 18°C
] "l
gy hast tot
caal [ cardenuste 30°C; 18 MW
1 hgly 10 k' 0008 MPs |absalite]
FiG 4

b}  Hueclear Fowegr Statiof

8imilar to coal fired power station, except that heat is produced by a
nuclear reactor. A coolant (heavy water, water or gaa) circulates
through the reactor and carries the heat avay to a heat axchanger, whers
water is heated to produce steam to drive a steam turbine.

Refar to FIG 5 showing a schematic diagram of a nuclear power station.

Rt It s changar

ELETH

hemine a

—— I|
=T 1
BN /

T

e

comling witir
-—

T _ condensar

coclint cirudsting pump {eedhwater purmg
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Iypes of Muclear Reactions

Nuclear Fugion:

Combining the nuclei of two light elements releasss energy.
This is done by making the two nuclei hit each other at high speed, and
the fusing of the nuclei together will generate heat. (Hydrogen Bomb is
an example)
At present the reaction cannot be contrelled, zo that it is unsuitable
for use in nuclear reactors. Fesearch continues.

® i

Splitting the nuecleus of an atem in two releases considerable
amounts of energy.
Uranium 235 is suitable for fission because it contains many neutrons.
The nucleus of Uiss is split by bombarding it with neutrons,
The splitting of the nucleus relesases other neutrons which will cause a
chain reaction by hitting other Uzss nuclei and releasing much heat
enargy.
The reaction, (unlike an atomiec bomb) ias controlled within the reactor
and heat is taken away by a ecirculating liquid to the heat exchanger.

Ivpes of Nuclear Reactors

1. Pressure Water Reactor heat exchanger

2. Boiling Water Raactoer turbine

a. High Temperature Gas Reactor heat exchanger

4. Fast Breeder Reactor also creates nuclear fuel while
aperating

c)  Qeothermal Power Station

S8team or hot water produced bu underground veleaniec action is used to
drive thermal generating plant.

Refer to FIO 6 which shows the principle of Geothermal enargy.

Geothermal Energy for Power Generation
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Hydro-Electric er St

Refer to handout "Hydro Electric Generatisn"™ and FIG 7 balow

ganeranee Rl mibstation LEE

Elg 7

Hydro-electric power is produced by water stored in a dam being allowed
t? run through a pipe, turning a water turbine which drives an
alternator

In NSW, the limited supply of water means that hydro power is not used
continuously, but is used to assist thermal powar stations during peak
demand times or it times of emergency or breakdown.

Eumped Storage Hydro Generatiop

It is posaible to recycle the water which Passes through a hydro power
, atation and use it again.

w2 The water after passing through the water turbine is stored in anoather
dam and then pumped back to the top water dam using the water turbine in
CevVerse as a pump.
TE- pump uses electricity generated by thermal stations during off-peak
t m-'l
The water is then available to use again during the peak demand timas
the next day.
This conserves water.
FIG 8 shows how pumped storage hydro can be used to reduce the
consumption of water and decrease the rating of the hydro generator,
In FIG a, a 100MW thermal base load staticn is supplementad by a G0OMW
rated hydro unit to meet the demand.
In FIG b, a 130MW thermal base load station is supplemented by a 30MW
hydro station, and during lew load times the thermal station excess
power generation is used to pump water to the top reservoir at the
pumped storage hydro station.
This results in less water being used and a lower rated hydro station b,
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In NSW mainly small units used for emergency supplies in power statiens

in svent of major agquipment failure,

Internal Combustion Power Stationm

Small units, mainly used for and emecgency.

Alternative Methods of Generating Power

There are other altarnative methods of generating eleactricity used
throughout the world, some of which are used in Australia, but nat
producing electricity in commercial gquantities.

Magnetohydrodynamics (MHD)

“'E'f to FIG 9 which shows a MHD plant,

Open Cycle MHD Plant

Alkali metad
sall seed
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An DC emf is induced between the walls of 2 c¥linder,if a hot conducting
gas {(plasma) expands at high velocity through the tube in the presence
of a very strong magnetic fiald,

The hot gas can be produced from burning coal, and if the gas is
"seeded" with potassium or caesium it will become conducting.

After passing through the MHD unit, the gas could be used ta turn water
to steam and increase efficiency.

Some MHD units are in service overseas (25 - 1000MW), but not yet in
Australia.

E cal era r to- ta

Refer to FIG 10 below.

Construction of a
Solar Photovoltaic Cell

Salar radialicn

Diifuzlan

Megalive secirade
Megativaly deped silkon

Posillve slecirodi  poghivaly doped sifcon

Courtasy of Lisvarsiy of Ny South Wales, Eincyical Enpinsaring Bot

Flg 10

A P-N junction, if exposed to light, generates an emf,

Efficiency of units manufactured at present is about 14-18%.
Maximum theoretical efficiency is 30%.
Disadvantage is high cost of installation,

At present $6000/kW (large scale) compared to $1200/kW for coal firad
thermal .

Reguires backup at night (batteries ete).

Oocod for small supplies in remote areas or unmanped sites (navigation
beacons, telephones),

Largest installation overseas is 1MW in the California desert (USA).
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ectric Generation
Wind turbines rotate at low speed and there are various designs.

The output depends on wind speed, with a wind of 8 metres/sec providir
twice the power of a wind of 6 metres/sec with the most economical
genarator size of 300-600 kW rating.

At present, the cost is twice that of coal fired thermal power.

Worldwide, there is about 2000MW of wind genaration installed, with
Denmark having 250MW out of 2600 turbines.

FIG 11 shows the various designs of wind turbines.

Wind Turbinas

o

1 o], Horizoral e Wind Turing
Emctsoity pereraion - 3 MW

".l.

O,

Ty

AR

¥ I 5 o

Thasmines Aol Vwrticsl g Wind Turtand
Ewgirciy peneration - 45 kW

Agrouiung, Ferizonal Ais YWing Tursiss
Eleciricily geranion and waie: pumping
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ve Elactrica neration
Wave energy depends on wave height and wave period.
In N5W, there is wave energy of about 12kW/metre of coastline.
The cost of 53000/kW of installation is high.
T W ] at
There are two types of wave generators.

Iapchan

Waves spill over into a reservolr and then water is allowed to run out
through a water turbine.

mmwmmw

Refer to FIC 12,

Wave action causes air to be blown and sucked through an air turbine
connected to a generator,

Blade profile ensures that turbine continues to rotats in the same
dirugtion.

Wave Resonance Power Generation

A reservoir is built on the shoreline, and asz the tide comes in the
reservoir is filled.

Cates are closed when the regservoirc fa fillaed.
When the tide goes sut, water is released through a water turbine.
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Voltage Stability

Vaoltage Security

+ Voltage Security |s the abliity of a
systam, not only to operate stably, but
s bo remain stabla (as far as the
malrtanance of syatam vollage la
cancarned) following any reasonably
cradibla contingancy of adverse syslam
changa,

Voltage Stability

& Volmges Stanility |8 tha abllity of &
ayAtam ta malmaln valiage so that
whan lond pomittance |8 Ncraaned,
Imad pener will ineranas, and aa that
batn power and voliage ae
controllakae,

Known factors cortributing to
Voltage Collapee

# [reraasa in loading

* Guonerators of SYC rmachirg reaclive
e (lmite

+ Actlon of tap changing transformam

# Load recovary dynamics

# LIngé Irfpging or genarator cutagai

Voltage Collapse

+ \oltaga Collapse is the procesa by
which voltage insfability 1eada o wany
low vellage profies i a algndicant part
ol Ine ayaiem (wollage may collapsa
dua ta “angla instability® as wall, and
sometimas anly a caraful posi-incident
analysis can discover tha prirmary
causa),

Example of a system voltage
collapsa
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Case 1: All Lines In-Service

3,000 MW transfer — 500 MW per line

Case 2: One Line Out
3,000 MW transfer — 600 MW per line




Case 1: All Lines In-Service

3,000 MW transfer — 500 MW per line

Case 2: One Line Qut
3,000 MW transfer — 600 MW per line




i

Case 3: Two Lines Out
3,000 MW transfer — 750 MW per line

Case 4: Three Lines Out

3,000 MW transfer — 1,000 MW per line




Case 5: Four Lines Qut

3,000 MW transfer — 1, 500 MW per line

Case 6: Five Lines Out

Voltage Collapse
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All three phase AC machines conaists of twe parts:

a) The Statar - statieonary or outer part of the machine
b) The Roteor - retating or inner part of the machina.

Three Phase Alternators

The rotor and the stator are magnetic cireuwits, and must be made from
stacked laminated magnetic steel, with alots provided to place in the
slectrical windings,

The laminations are required ta reduce eddy current loszes dus the
alternating flux,

Refer to PIG 1 which shows how laminations for stators and rotors are
stamped.

WIl3ak

FIG 1

The stator censists of three sets of Wwindings distributed around the
cireumference and displaced from each other by 120°.

The windings are Placed in the slats Provided in tha stator
laminations.
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Refer to FIG 2 which shows the position of the three sets of windings
and how they fit into the stator slots,

HU154/155

The rotor consists of DC windings which provide a sst of magnetie
poles.

When the rotor is driven mechanically by a motor, steam turbine or
water turbine, as the magnetic poles rotate, they cut the stator
Wwindings and induce inte them alternating voltages,

Separate voltages are induced into each winding and because of their
120" displacement frem each other, the three voltages are 120" osut of
phase with each other (three separate phase voltages),

A pair of poles passing a winding will induce one c¢ycle of emf.

The four pole rotor shewn on the machine in FIG 2, will induce two
cycles of emf into each set of coils for sach revolution of the rotor,
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For this reason, the large DC Main Exciter requires 3 po supply for
its own field coils and the Do supply for the Main Exeiter, i=
supplied by a smaller DC generator called a "Pilot Exciter".

The cutput voltage of the alternator iz varied by changing the De
field strength of the alternator rotor poles usually by changing the
output of the Pilat Exeiter.

The DC supply to rotor windings of smaller alternators can be applied
from an external source through sliprings and brushes,

Refer to FIG 4 which shows the connections of the large Alternator,
Main Exciter and Pilot Exciter.

pilat eoolier
8w - ity call

brush
ilip ring

2p
T o s Etator windlng

e o

i e tar ]
2400 kW, 400 v J'H\H-l e
SO0 MW, 12 kY, 80 He
WIlel
Fig 4

Alterpator Stator Windings

The stator windings of a Synchronous Alternater have resistance and
inductive reactances,

Usually the winding inductive reactance (called Synchrongus B!lﬂfln?l]
is wvery much (10-100 times) greater than the resistance, and a a ngle
Ehll. equivalent circuit of the alternater stator windings is as shown
n FIG 5,

WIlels
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The excitation current Ix produces the flux in the totor which inducas
the emf Ey in the stator windings.

The stator winding resistance is neglected and only the synchronous
reactance X is shown.

The alternator terminal voltage Er will be determinad by the generated
emf Ep and the voltage drop across the reactance Xs caused by the ]oad
current I supplied by the alternator.

Refer to FIG 6 which shows the phasor diagram of an alternator
supplying a lagging power factor load.

Ey Etlr T

T g0
'l dibgﬂﬂf U@ﬂ%pc

WIlE20
FiG &

The internal generated voltage Ey ia HIIEEEE than the terminal voltage
Er .hlnd r;q?irn the !i-id windings on the rotor to be excited at a
high level (aver excited).

There is an angular difference betueen Es and E. measured as angle &
which is called the " i

: Refer to FIG 7 which shows the phasor diagram of an alternator

Supplying a leading power factor load.

WIle2l
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The internal generated veoltage Es is less than the terminal voltage
Er, and requires the field windings on the rotor to be excited at a

low level (under excitation) to generate a lower voltage.

There is partial resonance between the alternator synchronous
reactance and the capacitance of the lead.

ErERMINAL = Es - Ex volts

= En - IxXs

Re t Alter

Regulation % = {Es - Ex] x 100
Es

Example: Calculate the % regulation of an alternator which has
tarminal voltage of 12kV at full load and a no load voltage

ef 15kV.
Relusien: Regulation % H _{_ﬁ_—_im x 100
T
= Lij_:Iéil x 100
- 254
Hote: This value is quite high, due to the high value of X, .

Before any two AC voltages sources (altarnators) can be connected in
parallel, the voltages must:

a) be the same magnitude,

b)  be in phase with each other

g) have the same frequencyf

d) have the same phase rotationg

In other words, the twe voltages must be identical in BVEry Way.

Th action of making the ocutputs of twe alternators identical before
connecting them in parallel i=s =alled “§znchrnniging“ the machines=.
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Connac an Alte tor to an Infinite Bush

An "In te sbat" is a power system so powerful, that it impozes
its own voltage and frequency upen any alternator connected to ita
terminals.

Once a power system has a number of large alternatars connected to it,
the voltage and frequency cannot hbe altered by any additional machine
connected to it,

An interconnected power system has a large number of alternators
connected in parallel, synchronised with each other, and sharing the
total load,.

Additional alternaters ars connected to and disconnected from the
power asystem as the total load varies.

When an alternator is connectesd to an infinite buabar, there are only
two machine parameters that be altersd:

a) the rotor exciting current Ix

b) the mechanical torque of the turbine.

Refer to FIO 8 which shows the connections of, and phasor diagram for
an alternator cennected to an infinite bushar, with machine excitation
adjusted so that there is no current flow from the terminals.

infinite bus Ey= F!= 12 kV
WIl626a
FIG &

The altarnator is "floating”™ on the infinite busbar and Ex and Fy are
equal and in phasa,

No real power in WATTS and no reactive power in VARS f£lays inte or out
of the nitnrnatnr_I

Refer to FIG 9 whieh shews the cunnectinﬁs of, and phasar diagram for
an alternator connected tgo an infinite busbar, with machine exeitatisn
adjusted =o that generated voltage By is greater than terminal voltage

Erx {"over excited").
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'El -E'r Eq
i akv 12 ky 16 k"
9h° 4k 4
infinite bus
300 A

T
WIle2seb

EIG 9

Reactive power (VARS) are supplied to the system which appeara to be
inductiva.

Ee and Er are in phase,
No real power in watts is supplied.
Refer to FIG 10 which shows the connections of, and phasor diagram feor

an alternator connected to an infinite busbar, with machine excitatisn
?ﬂju-t-d 8o thnﬁ}g-nuratcd voltage Ey ia less than terminal voltage Ey

I
% 800 A
/ infinite bu
,] nfinite bus E, an? Ey £y
. 4 kv : 8 kv 12 kv
WIl626e
FI3 10

Reactive power (VARB) will flew from the systanm Which appears tg be
caparitive.

Ea and Er are in phase,
No real power in watts iz supplied.
ote: Variation in excitatien will only change the VAR flow from

the machine, and Wwill net change the real power in watts
supplied by the machine.
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Real FPower Flow from an AlEernator on an Infinite Bushayr

Assume that the axeitation of an alternator ise adjusted smo the
machine is "floating" on the system, and thep mechanical torgue of the
turbine is inereased by opening the steam valve an turbine.

The increased mechaniegl torgue will aceelarata the rotor so that tha
flux lines hetween the roteor and stator will he stratched from their
normal "fleating™ position as shown in PIg 11.

iy
2
é rotatian
]

WIlE28

The axis of the rotor poles is advanced by mechanical angle &, and
also the generated voltage E; will become leading the terminal voltage
Er by the load or torque angle 5§,

The relationship between a and & is given by
& = a x p/f2

where p = number of magnetic pPoles on the machins,

Note:

Refer to FIG 12 which showa the connection diagram and

fer a machine
rowar input.

On a two pole machine, § = &,

: Phasor diagram
connected to an infinite busbar and increased mechanical

+~ 5

|+

turbine

infinite bug

Er
12 kV

WIle27
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Notes: The leading angle & of Ev with refersnee tn Br will cause
real power in watts to he delivered from the machine to the
system.

If this machine had not beep connected to an infinite
bushar, then the machine speed would increase, thus
increasing the supply frequency.

lat a ea oW Flo etye re

Assume that an alternator is connected to a aystem as shown in FIG 13.
(8ingle phase egquivalent cireuit)

g +

L
WIlGg3a

218 13

Assuming that system Er is consuming real power in watts, and the load
has a lagging power factor angle @,

The resulting single rhase phasor diagram is as ahown in FI1G 14,

%) L ] \

WIle33

From the phasor diagram:
Eg = Er + j1¥s volts )'(TUI‘:"’LS
Real Power consumed by the system is:

P = ErxIzcos=n wattg

VL cosdl
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Applying the sine rule to the triangle ABC:

where g =

B
sina

Rearrangin
Tamae -

whare:

e

(90 - 8)

sy

Power out =|  Eylocoad watts per phase
‘Pawer’ - 1 Eraind watts per phass
Be = generated voltage
Er n terminal voltage
Xn = alternator synechronous reactance in chma
& = phase angle between E; and Er in degrees.
An alternator has the fallowing single phase aquivalent
values,
Ep = 12kV
Er = ldkv
Xo = 20
Ev leads Ex by 30°.

a)
b)

Caleculate the total resl Power output of the
alternator,
Draw a single phase phasor diagram.

Power =

EgErsing

Xa
lZ!IE’EJiEJﬂ‘E!iD%E'
2

42MW per phase
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Figure 3. Power-angle curves for one line and two lines in parallel. Equal-ﬁree
criterion. Resistance neglected :

L el
AWl
(a) ] D
A
(B)

Figure 4 - (a) Equivalent circuit of a line supplying a load P+ Q. (b) Relation
between load voltages and received power at constant power factor for a 400kV,

2 . .
2 x 260 mm* conductor line, 160 km in length. Thermal ratings of the line are indicated
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TEANSHMISSION LINE CONSTRUCTION

The sub-transmissiaen system consists of 132ky and 68kV averhead lines
on steel towers and wood Polea and alseg underground eah]as,

ute lecti fao rans i ne

The easement space required for averhead transmission lines means that
the route taken by a line is an tnvirnnmantallr sensitive igsue.

Ideally, the transmission line sheyld take the shortest route to
reduce its capital and installation cost,

However, the selection of the route of a tranamission line, will
depend on a number of important considerations:

] shape of the terrain, affecting cost of conistruction,
) acquisition of easement land,
) Proximity to housing,

) ®ase of maintenance and access to easemant .

Components of Transmission Lines
Sonductor Support Structures

Support structures are required to keep the gonductors at a safs
height above the ground and also to keep them apart,

a
b
<
d

Refer to P16 1 which shaws various arrangements of support structures.
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HIGH YVOLTAGE CABLES
influeacing Instaliation of Cabl

a) Environmental - appearance of overhead lines
b Space - no casement available for overhead lines in built up areas,
Cost Relative to Overhead Lines
Higher capital cost (10-20 times that of an overhead line)
Advantages:
a) protected from lightning strikes
b) reduced maintenance of cable since it is protected from environment.
W i
a) higher repair cost after failure
b) maintenance of auxiliary equipment (oil/gas supplies etc)
Types of Cable Construction
Paper Insulated - Metal Sheathed
a) Solid type (up to 66kV)
Oil impregnated paper is wrapped around the conductor in concentric layers,

A lead or aluminium sheath is extruded over the paper to prevent ingress of moisture angd
B mechanical damage to the cable,
Oil impregnated paper has a high dielectric strength than plain paper.

Typical diclectric strength of plain paper is 70kV peak/cm while oil impregnated paper has a
typical strength of 600kV peak/cm.

Disadvantage: Voids (spaces) may occur in the paper insulation over a period of time, and this will
lead to local electrical stress, ionisation of the air in the void and eventual failure of
the insulation,
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Refer to FIG 1 which shows solid insulated cables

SETALL | R = | [ ..
FAPER SHEATHS i SEARATE SCREEWS
: Eapm infariE S‘-;‘I"-’“E CoRE
r£s TAWeEWAL STRETS Ltd m e arE)
i In 4" TYAE CABE ChbLe
POUR DHL DUCTY ’mﬁuﬂmm | ETmanmE sremL Py i
I ! WIE AR ROLRING mﬁm"ﬂ
FAFCR FEiLiLs TON
3 PutsE erEd
{ .y a0
i
FIG1
o
b)  Pressurised type i
The paper insulated cable is sealed so that a pressure above atmospheric pressure is maintained by

gas or insulating oil

Advantages: i) Amny voids in the paper insulation are filled with gas or oil, and so ionisation
is prevented.

i) Moisture is prevented from entering the cable,
i) Loss of oil pressure is an early indication of cable damage.
Qil Filled Cables (up to 500kV)

The thin high quality insulating oil used in cables is not intended for cooling, but is used to
increase the dielectric strength of the cable insulation.
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Reservoirs of oil are installed along the route to maintain supply of il pressure and to allow for the
expansion and contraction of the oil during heating and cooling cvcle of the cable.

The ol system is sealed, and pressure is applied to the ol by gas (nitrogen) filled bellows in the oil
pressure tanks. .

Pressure switches are installed to detect loss of oil pressure and are used to initiate alarms at the
remote ends of the cable when oil pressure is lost,

The cable is divided into hydraulic sections depending on the cable route profile, to ensure that
excessive pressure is not developed at the lowest section of the cable.

If the cable is damaged with subsequent loss of oil pressure, the cable must be de-energised
because if air is drawn into the cable, electrical failure will result due to ionisation of the air,

If air has entered the cable, either due 1o damage or after jointing, all air must be removed from  the
cable by applying & vacuum pump before the cable is energised,

€™ Disadvantage: Higher initial cost of installation and more complicated jointing procedure than with
-'~* solid cables,

Refer to FIG 2 which shows single and three core oil filled cables
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Gas filled Cables (up to 132kV)
Similar to oil filled cables except that the cable is pressurised with nitrogen.
Requires gas pressure tanks, pressure switches and alarm systems to monitor the cable condition,

Sheath and Armouring Materials

Metal armouring is applied over the sheath of some cables to provide additional mechanical
strength.

Stranded steel wire is used to allow more flexibility of the cable,

PVC serving over the outside of the cable provides protection against corrosion.
Electrical Stress in Dielectric Materials
Refer to FIG 3 which shows the electrical stress diagrams for single and three core cables.

SINGLE (CRE

AERD SHEATHE )

(ABLE | FIEZ.)
PAPTER

(a) (”w :O) 3 (w: + Um)
ELecTRic me)y Phrraen)

FIG3
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Cable Inductance
The overhead line inductance equation shown below can be applied to a cable:
L= uglogfding) henry/metre
2z
where L = geometric mean radius - res

However, this calculation does not take into account mutual coupling with the sheath and mutual coupling
with the armour wires which will add 10-20% to the inductance value.

Conductor Resistance
AlTected by temperature, skin effect and proximity effect,
Induced Yoltage in Cable Sheaths
: : y z l"-'ﬁ
Emfs will be induced into the metallic sheath of HV power cables when current flows in the HV conductor.

Three phase HV cable installations will have induced voltages in the sheaths of the cables and these
voltages cause circulating currents in the sheaths which will heat the cable.

The sheaths must be earthed so that the circulating currents will flow.

The effect of circulating currents in sheaths is reduced by electrically insulating sections of the cable sheath
from each other and by transposing the 3 phase sheaths to help balance out the induced emfs and circulating
currents,

This transposing of cable sheaths is called "Cross Bonding".

Cable sheaths also protect the cable against over voltage spikes caused by lighining and switching
transients,

Breakdown of Insulation D
Breakdown of cable insulation can ocour dug to;
al puncture - mainly during testing in the laboratory,

b)  thermal instability,

c) tracking - across insulation following void ionisation causing burning of insulation in
“h‘ﬂ:iug" m

d) loss of oil in odl filled cables.

Cable Rating

The thermal conductivity of soil in which the cable is buried, is important to ensure that the heat generated
by the cable in service is conducted away from the cable, '
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Three phase cables in particular have high electrical stress points in the dielectric material due to varying
field strenpths.

Stress can be reduced by screening each phase conductor separately by metallised paper sheaths connected
together and to the overall aluminium sheath,

This connection equalises the potential gradient and produces a radial stress in each cable similar to a
single core cable.

The dielectric strength of paper insulation is greater across the layer than along the layer and so tangential
stress fields should be avoided.

Capacitance of single Core cable

The capacitance of a single core cable can be determined using the following equation:

C = 2IXE g, farad/metre length

Io&_(R-'r}

where &, - permittivity of air = g 85x10-12

B = relative permittivity of dielectric material
R “ radius of cable outer sheath in metres
r - radius of conductor in metres

Electrical Stress in Single core Cables

Potential Gradient at radius x {s:

E, = N imdi volts/ metre (1 phase equivalent)
slog,(Rir)

" where

v = potential difference between sheath and conductor in volis

R - radius of cable outer sheath in metres

r = radius of conductor in metres
Maximum stress occurs at the surface of the conductor (x = r) and can be calculated from:

E, = W volts/ metre (1 phase equivalent)
rln%fR,-’r}

from this equation it can be seen that the smaller the conductor size, the higher is the electrical stress.
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HYV cables are buried in "stabilised backfill" which is a mixture of sand and cement which helps to protect
the cable, prevent movement and has a high thermal conductivity,

Cable Current Rating depends on;
a) thickness of dielectric,

b) ambient temperature,

) proximity of other cables,
d)  load cycle,

e) depth of burial,

f)  soil conductivity.

Cable Termination

Cables terminated in switchgear or connecting to an overhead line must have the insulation removed and
replaced by a graded insulation to allow the HY conductor to be brought out to the air,

This is done in a cable "sealing end" where the oil, gas or solid insulated cable end is sealed and the
conductar is available to connect,
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Insulation coordination is the correlation af the insulation strengths
of components of the high voltage power system, to minimise damage and
less of supply caused by avar voltages,

eps taken to minimise supply i nterruptions die to ove Evoltage are:

to ensure that system insulatien will withstand a1l normal
stresses and most abnormal Stresses,

\% to diséh.rgn or divert n\rnrvultaqtq which exceed the withstand
e strength of apparatus,

ﬁ' to ensure that breakdowns! ocour by external flashover, rather
0 than internal failureiof equipment such as puncture or breakdewn
of solid or liguid dielectrics,

m and to control points at which breakdowns oeccur, thus avoiding
T important items of egquipment

Overvoltages can be either at saystem frequency or due to tranaient
surges with higher frequency components.
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Overvoltages at the power frequency can be caused by:
ﬂ sudden loss of load on a generator (20%-30% overvoltage),
ﬁ)‘. energising an unloaded transmission line fup to 90% overveltage),

éj’i unbalanced system faults which may cause unfaulted phasas voltages
: to rise ahove normal .

Fower aystem transient evervoltages may be generated either internally
or externally,
Internal generation is frem switching surges,

External generation ig from lightning strikes.

On equipment rated at between 200-300kV, switching surges are about
the same intensity as lightning strikes,

On equipment rated over 300kV, switching surges produce larger
transients than lightning strikes

Lightning Strikes

Lightning strikes on HY equipment may he either direet or indirect,
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Lightning strikes can range in size from a few kA to 1O0KA.

The eurrent waveform is a unidirectional pulse rising to a peak value
in = 3usec and falling away in 30-40usec.

Dire Li ing Stri
A direct strike occcurs when lightning strikes the line conductor and

causes a flashover of the line insulaters or is rapidly attenuated by
eorona along the line,

Any discharge current flowing through the towers to earth may set up a
large voltage drop due to tower footing resistance and tower
inductance.

There may result a back flashover from the tower to the line,

indirect Lightning Strike

An indirect strike occurs where a voltage is induced into the line by
a nearby object being struck by lightning. Hﬂ}

This is usually only a problem on lawer veltage lines rated at less
than 33kV.

Effect of Lightning Strikes on Overhead Lines

1f lightning strikes an pverhead line, the excessive voltage can cause
damage to line insulators and the wave can travel along the line te
cause damage to terminal equipment in substations.

FIG 1 shows how charge moves along the line in a wave after a
lightning strike.
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Electrical Testing of HV Egquipment

Electrical testing of HV egquipment is carried out to ensure that
insulation can withstand normal and surge veltages.

The two main tests carried out are:
a) HY impulse test,
k) HV power frequency test.

HY Impulse Tast

The standard impulse test is intended to reproduce the effects of
switching transients and lightning strikes.

Refer to FIG 2 which shows the standard 1/50 impulse teat waveform.
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FIG 2 "
The wave specification of 1/50 indicates that the taest voltage rises

to the peak value in lpsee and then drops to 50% of the peak value by
S0usec,

Typical value of test voltage for 330kV equipment is 1050kV (peak).

V Pow

A voltage of ¥ 150% of the rated voltage at power frequency is applied
to the apparatus under test for 1 minute, and leakage current

measured,

Typical value of test veltage for 330kV equipment is 460kV rms.

Protection of Overhead Line=s and Substation Equipment frem Surges
Surge Protection Devices

HV equipment is protected against surges by Surge Arrestors (also
called Surge Diverters) and Rod or Arc Gaps.

These devices limit the surge valtage and conduct the Surge enargy
away from the protected eguipment.
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In particular, they are installed and lecated for pretecting
transformers and cahles that are expensive the repair, 1f their paper
insulaticn is damaged by impul=ze voltages,

overhead Earthwire (Shield Conductor)

At the very top of each tower on each side, are installed earthing
conductors, which run the whole length of the line, and are esarthed at
sach tower.

They provide an earthed shield above the live conductors and attract
lightning away from the line.

) hin

Each tower must be solidly connected to earth and earthing rods and an
earth grid are installed at the base of each tower.

Earthing is important so that any shorting of insulators does not
caua® the tower to become dangerously alive.

Refer te FIO 3. which shows how a lightning strike can cause !Itnhnvu{‘
of insulators, resulting in high current flow to earth. The potential
of the towsr will rise because the tower earth resistance is high,
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Fig 3
Lightping/Surge Arrestors and Diverters

Surge arrestors and diverters are protective devicaes which are

connected between HV conductors apd earth, to divert any surge to
earth.

They protect valuable equipment such as transformers or cables From
being damaged or destroyed by excessive high voltage surges travelling
along & line after a lightning strike.

They are connected as close as possible to the terminals of tha
transformer or eguipment to be protected,
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The surge diverter M_M_:mi_mﬁ;
e 8 : H at normal system voltage
but iz designed to conduct at a pre-determined lavel afbvo?taé:v:ééve

normal voltage.

Refer to PIG 4 which shews tha i
: z ! consbtrueti i n-11
resistor type surge diverter. N R
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The series spark gaps keep the circuit open under normal conditions,

Sometimes grading resistors are connected in parallel with multiple
gaps to assist in veltage distribution.

The assembly is usually evacuated and filled with dry nitrogen at
atmospheric pressure to ensure that the operation is not affectaed by
surrounding atmospheric conditions.

Refer to FIG 5 which shows the operating sequence of a surge diverter.
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When a surge reaches the surge diverter, the excessive voltage causes
the diverter to conduct, diverting the energy to earth and when the
voltage drops back to normal, the diverter ceases conducting.



