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v Attempt Al questions.
¥ The figures in the margin indicate Full Marks.
¥ Necessary tables are attached herewith.
v Assume suitable data if necessary.
1. For each of the following statements, state whether it is TRUE or FALSE and provide
brief justification for your answer
a) Lightning Arrestor {L.A) rating of overhead transmission line is independent of the
system neutral grounding condition. [1+3]
b) Conductor o conductor vertical spacing at a transmission line tower depends on the
conduetor swinging due 1o wind foree. [1+3]
¢) The effective way to increase corona inception voltage is to increase the conductor
size. [143]
d} The simulation method of load forecasting is more suitable for a small area load
forecast. [143]
2. &) What are the advantages and disadvantages of an interconnected system? {41
h) Discuss the economic and technical eriterion to be considered while selecting the size
of the standard voltage level and number of circuits for transmission line design. (8]
¢) Show that for an EHV wansmission line, use of double earth wires can reduce the
tower height. [4]
3. a) Derive the expression relating conductor tension to temperature for an overhead
transmission line including the effects of elastic extension. [6]
b} An overhead transmission line uses a “Lion” ACSR conductor with a span of 300 m
and supports at the same level, The conductor is subjected to two loading conditions
as given in the table below, Determine the horizontal tension in the conductor under
the easiest condition. O (8]
[ | Condition temperature | ice ﬂ'ltl:km‘.&r l mm. ptessmThvnm:.tl tensipn
| Toughest condition [0°C T iem | 80kg/me | Factor of safety 2 from UTS
| Easiest condition ?5'*(_'. _] Hoice : Mo wind 7
Consder &iﬁ:ﬁ-ﬂwm; T
Ice density: 900 kg/m
Conductor modulus of elasticity: 7.0 % 10°kg/cm?
Conductor coefficient of linear expansion: 19 x 107 ®per °C
Refer Conductor table for other relevant data
4, a) Compare the following with the necessary diagram: [2x4]

(i) Radial and Loop distribution system.
{i1) American and European distribution system.



b) Two distribution load centers operate at the same voltage level and supply the same
total load, but their low-tension (LT} line configurations differ as follows: 18]
s Load Center 1: 4 LT feeders, each of 1 km
e TLoad Center 2. 2 LT feeders, each of 2 km
Assuming the load is uniformly distributed along the feeders and same conductors for
all feeders, compute the ratio of the percentage power losses in the LT lines of Load
Centre 1 to that of Load Centre 2,

. 4} How does consumer classification affect load forecasting in distribution systems? (4]
h) A daily load pattern of a particular load center is given in table. Calculate, [8]

(i) daily loss of load factor
(it) if % peak power loss is 7%, determine the % energy loss.

| Time (hr) [ 0-6]6-10[10-18 [ 18-22 [22-24 |

| Demand (p.u) (0.2 ] 0.5 | 02 | 1 | 02 |

¢) Discuss the criteria and procedure for selecting the location, capacity, and primary
voltage of a distribution transformer in a distribution system. |&]
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Assume suitable data if necessary.

State| whether the following statements are TRUE or FALSE, also justify your answers
with brief explanation.

a) The other thing remaining the same, the Basic Insulation Level (BIL) of overhead line

insulator increases with increase in neutral impedance. [1+3]
b) HVDC transmission stations does not require reactive power support. [1+3]
¢) A single-phase earth return distribution system is very much suitable for densely
pulated areas with high load density. [1+3]
d) Corona is more dominating design criterion for LV Transmission lines. [1+3]
a) FHora 220 kV double circuit transmission line, compute the following air clearances.
ssume the maximum swing angle of the insulator string as 30%. Also derive any
xpression used. [8]
i) Cross arm length
if) Insulator string length
iii) Vertical separation of conductor
iv) Height of earth wire from the topmost conductor
b) Discuss the role of system (neutral) earthing in the selection of overhead line
ulation level. 8]
a) ive the expression for maximum sag and location at which maximum sag will
cur for a given span with equal supporting tower heights. (8]
b) For a three-phase 50Hz transmission line to deliver 100 MW of power over 80 km,
32 kV single circuit line the vertical separation between the conductors (y) is 5 m
nd the horizontal spacing between the conductors (c) is 9 m. Suggest the best
uitable conductor which meets following technical criterion: [10]
i) Satisfy the thermal limit (ampacity).
ii) Efficiency of the line not to be less than 94%.
iii) No corona in fair weather condition.
(For conductor selection, a standard ACSR conductor table is provided)
a) Highlights the characteristics of urban and rural distribution systems from design

aspects. [4]
Compare the advantages and disadvantages of radial and loop distribution system. [4]
A particular load center has a peak demand of 40 kW at pf of 0.85 lagging. The
distribution transformer having 200 Watt iron loss and 480 W copper loss is used to
supply four 3 phase LT feeders at 380V of equal length of 1.5 km each. If LT feeder
conductor has resistance and reactance of 0.9 Q/km and 0.25 CQ/km, determine percent
distribution loss. [8]

b)
c)
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. @) A particular distribution load center consists of four 3-phase LT lines. Compute the

percentage LT power loss of the load center, Given; [8]

Load center Peak demand: 60 kVA at a power factor of 0.9

The distribution LT line voltage: 380V

Conductor resistance: 0.5 {/km

Length of LT lines: two of 1 km each and the other two of 2 km each
Assume load is uniformly distributed along conductor length,

Describe the general criterion that should be taken in to consideration for distributor
route selection. [6]
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. State whether the following statements are TRUE or FALSE, also justify your answers

with brief explanation.

a) For transmission line of 400 kV and beyond voltage level, horizontal configuration of
conductors is general choice. [143]

b) Increasing the maximum allowable conductor temperature results in an increase in
conductor cost and a decrease in the tower cost, [1+3]

¢) In practical cases, Loss of Load factor (LLF) is less than Load factor (LF). [1+3]

d) The X/R ratio of distribution system is higher than transmission system. {1+3]

a) With suitable mathematical aid and assumptions, show that the most economical
voltage increases with an increase in the length of the transmission line and/or power

10 be transmitted. (6]
b) Discuss the criterion for single and double earth wire selection for a high voltage

overhead transmission line. [6]
¢) State and prove Kelvin's law of most economical conductor size. Explain its

limitation. (4]
a) Derive the expression for maximum sag and location at which maximum sag will

occur for a given span with unequal supporting tower heights. : [6]
b) Compute the most economical span for a single circuit 132 kV transmission line with

single earth wire using the following data. [12]

Minimum ground clearance: 6.2 m

Conductor to conductor vertical separation: 4.2 m

Height of earth wire above the topmost conductor: 7 m
Ultimate tensile strength of conductor: 18,000 kg

Ultimate tensile strength of earth wire: 6,000 kg

Factor of safety for toughest condition tension: 2

Easiest condition tension in the conductor with respect to span;

Span (m) 250 | 275 | 300 |325 | 350

Fr L i ey — e

__Eaaiest condition tension (kg)| 4300| 4400{ 4500 4600 4700

Weight of conductor: 2 kg/m

Wind pressure: 100 kg/m

Conductor diameter: 3 cm

Diameter of earth wire: 1 cm i

Tower weight (tons) = 0.000631 HVB.M X F.S. (H in meter & BM. in kg-m).
Consider 80% horizontal tower (maximum angle deviation of 2) and 20% angled
tower (maximum angle deviation of 30"




4, a)

b)

b)

A particular load center has a peak demand of 50 kW at a power factor of 0.8 lagging.
For the following two cases of 3 phase LT feeder configuration at distribution
transformer, compute the percentage of peak power loss and maximum percentage
voltage drop in LT.

(i) Option 1: 4 feeders each of length 2 km
(ii) Option 2: 2 feeders each of length 4 km

The resistance and reactance per phase of LT conductors are 1.1 {km and
0,25 {M/km. Assume uniformly distributed load along the feeders, The distribution
transformer is rated 11/0.4 kV.
Discuss the primary consideration to be given while selecting a distribution
transformer size and location.

Discuss the advantages of ABC conductors used as LT lines,
What are the different methods of load forecasting? Describe briefly.

A 11/0.4 kV, 100 KV A distribution transformer has no load loss of 210 W and rated
copper loss of 340 W. Determine the percentage monthly energy loss of the
transformer if the peak demand is 50 kWA at a power factor of 0.9 and load factor of
0.3. Given: LLF = Iy LF+k,LF*

ek

[8]

(8]
[2]
(4]

(8]
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Candidates dre required to give {heir answers in their own words as far as practicable.
Attempt All guestions. : : '

The figures in thé margin indicate Full Marks.

Necessary tables are attached herewith,

Assume suitable data if necessary.

State whether the following statements are TRUE or FALSE, alsu_ justify your answers

a) Multiplying factor depends on the voltage level of the transmission line.

'b} The height of tower for an EHV overhead transmission line would be different for the

cholio.a of single earth wire and double earth wire.
¢) As temperature increase the sag in the conductor increase.

d) While designing distribution system, transformer size is determined first before
studying the feeder load characteristics. ,

a) Suggest the most cconomical and technically adequate suitable standard voltage and
number of circuits for a 3-phase overhead transmission line delivering power of 150

MW-overa distance of 170 km.

b) For a 132kV double circuit fransmission line, suggest {he dimensions for the
following: (Take max. Swing of insulator as: 45%) '
(i) Cross arm length
(i) Insulator string length
(iii)Horizontal and vertical separation of conductors
(iv)Height of earth wire from the top most conductor

a) A Compute the most economicalspan for the design of a double cireuit transmission

line with a double earth wire. The necessary data and the design assumptions are as

follows: ; _ - g

+ The niaiimum working tension and the conductor diain%ter for power conductor
is 6890kg and 25.97mm respectively, that for earth wire is 3332kg and 14.6mm

* respectively. i
e . Wind forte is 100 kg/m® and the cost of steel used in tower = Rs.150000 per
e I Ly - st
Span Length | Sag (m) | HI (m) | H2(m) | H3 (m) Ht (m)
300 s001 | 122 | 1514 | 18.07 | 28.67
25 | 602 | 1313 | 1606 | 19 | 296
| 350 7.03 | 14.14 | 17.07 | 20.01 | 30.61

Assume: Maximum conductor deviation of 80% for tower A, 15% for tower B and
5% for tower C.,
b} What is a stringing chart? Derive the expression used fo prepare a stringing chart.

e T e A T

- [4x4]

[8]

[8]

[10]
[6]
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4, a) Why diﬂﬁ'ﬂﬂ]'f.lﬂﬂ s}fstem planmng is Impﬂrtant‘?' Explam w:th steps f:}ﬂuwcd in

dlstnbutmn system planmng

b) Cﬂmpute the power loss fora 40{} V. 3-phase sewndary d1smhutmn line with sandmg'

end power of 10 kKVA at a power factor of 0.9. Consider that the line length is 2 km
long and resistance of the conductor used in the line is EII 6 uhnu“hn Assumv:
uniformly distributed I-::radmg along the line. -~

5. a) Whati is an aenal bundle conducter [ﬁBL}‘? Discuss thﬂ advantagcs and dtsadvantages .

of ABC cable in LT distribution system. ; _
b) Bneﬂ}' discuss the various types ¢ of electric load forecasting based on tlml: horxzun

c) Explmn the 5u1’fab1ht3r of single phase and three phase distribution transformers,
: S T T :

[6]

[3}

[6]

6]

(6]
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State whether the following statements are TRUE or FALSE, also justify your answers

with brief explanation. _ .

a2} Ampacity of a conductor decreases with an increase in ambient temperature.

b) Lightning over voltage is more dominating in distribution system than in fransmission

&) f distribution transforiner operating at significantly under-loading conditions is
always beneficial from energy loss prospective.

d) The average consumption in the feeder must be almost neer to the peak demand.

a) Compute the number of insulator discs required for a single cireunit, 220 kV,
. 50 Hz overhead transniission line considering the variousexternal and internal over
voltages. Use the related data given in the appendix.

b) Select the most economical and technically adequate voltage level and the number of
circuits for & transmission line to transmit 190 MW of power aver 240 km. Assume pf
as 0.96.

a) A particular ACSR conductor has the current catrying capacity of 400 A at s
ambient temperatore of 35°C and maximum allowable terperature of Eﬂﬂ{;‘. Compute
the cugrent carrying capacity of the same conductor if the ambient femperature and
maximum allowable temperatures will be 40°C and 75°C respectively. Also compute
the conductor temperature if the conductor carties the current of 320 A.

b) Derive the relation between LLF and"LF comsidering a suitable load curve.,

¢) Discuss fhe éssential characteristics of a couductor for an overhead transmission line.

Contpare the performance of alaminum and copper conductors in this regard.

4) Discuss the steps together with the data required for demand forecasting at a
distribution system load center level.

b) A distribution transformer of 25kVA with no-load loss of 72W and rated Copper loss
is 300W, Consider the demand for the trangformer is 20 kKW and the monthly energy
sell equals 4800 units @ 0.85 power factors. Use Loss of Load Factor (LLF) = 03LF
+0,70LF°, Find the percentage encray loss,

a) Compare the features and suitability of the underground and overhead disiribution

b) List and explain the various consideration to be made while selecting distribution
transformer location, primary and secondary voltage level and layout,

With respect to a distribution system, define the following tenminologies:

a) Distribution transformer '

b) Load center

¢) Secondary distribution

d) Primary distribution

[4x4]

18]

(8]

6]
6]

[4]

(8]

(8]
6]

(61
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State and justify whether the following staternent are TRUE or FALSE.

a)

b)
€)

d)

)

b)

b)

The value of Protection ratio (PR) increases on increasing system voltage for
designing purpose.

Power transfer capability of a transmission line increases with increase in line length.
While designing the long transmission line, if the stability criterion is met then the
thermal criterion is also met.

In rural distribution it’s good practice to go for higher primary distribution voltage
than usual.

For a 220kV single circuit transmission line, suggest the dimensions for following;

(i) Cross arm length

(ii) Insulator string length
(iii) Horizontal and vertical separation of conductors
(iv) Number of earth wires
(iv) Height of earth wire from the top most conduetor.
(Take maximum Swing of insulator as: 45°)

A double circuit, 220 KV, 50 Hz, three phase transmission line is designed to carry
144 MW for 130 KM. The line constants are given as:

R =0.0544 Q/km ( at Max allowable termp.)

L =0.494 mH/ km

C=23.1 oF/km

Calculate the following:

a) Transmission line efficiency

b) Percentage of voltage Regulation

¢) Value of receiving end voltage rise at no load if sending end voltage is held
constant. ; : )

Suggest the options to get efficiency > 94 % and voltage regulation < 12%

What do mean by corona? Derive the expression for corona inception voltage.

For the transmission line design following computations has been made, Select the
most economical conductor

=

A B #
Conductor | Tower cost/km | Total  conductor | Annual energy loss/km
(1000 Rs.) cost/km (1000 Rs.) | (1000 kW/hr.)
Goat 890 1254 32
Sheep 946 1450 - 30 N
Zebra 984 1585 28
Deer _ 910 1663 ' 20 ]

Using the following data.
Energyrate=Rs 9 perunit  Interest rate = 14% Project life = 25 years

[(14+3)x4]

[10]

(6]

[8]

SR S Sy PRI T



b)

b)

4. a) Discuss the primary consideration to be given when selecting a load centre and

distribution Transformer while designing a grid extended rural and urban distribution.

For same load density of the load centre and same conductor what will be the change
in power loss by doubling the length of the line?

Discuss the comparative assessment for the followings.
(i) Radial and Loop Distribution system
(ii) Overhead and Underground Distribution system

A 3-phase transformer of 100 KVA supplies a load of 75 KVA in its first year of
installation and addition 10 KVA for subsequent two years .Calculate the energy loss

for third year with following parameters given

Voltage level = 11/0.4 KV No load losses = 200W

Frequency = 50 HZ Copper loss = 1100W

Load Factor = 0.8 Loss of load factor = 0.3*LF + 0.7% (LF)*

Derive an expression for voltage drop and power loss over a distribution feeder
assuming Uniformly Distributed Loads,

o

[6]

[4]
[6]

8]

[8]
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. a)

b)
c)

"In the early 90s, HVDC was the best option but now HVAC with FACTS is
becoming popular". Justify the statement.
What are the advantages of grid/ interconnected system?

Select the most economical and technically adequate voltages level and a number of
circuits for a transmission line to transmit 200 MW of power over 80 km. Assume pf

as 0.95.

Line Length (km) MF limit
80 Eid

160 2.25

240 1.75

320 1.35

480 1

640 0.75

For a 220 kV double circuit transmission line, suggest the dimensions for following;

i) Cross arm length

ii) Insulator string length

iii) Horizontal and vertical separation of conductors
iv) Number of earth wires

v) Height of earth wire from the top most conductors,

Take max, Swing of insulator as: 45°

b)
c)

a)
b)

c)

Explain the cause of the failure of the insulator and the method to check failure,

Explain voltage distribution across string insulators and discuss the selection of m to
increase string efficiency.
Explain Kelvin's Law for the most economical conductor size selection.

What is corona phenomenon in high voltage transmission system? How can we
reduce corona?

The design data for a double circuit transmission line with a double earth wire are as
follows:

Where, heights of lower, middle and top are power conductor from ground and is the
total height of the tower. The power conductor has maximum working tension of 6000
kg and diameter of 4 cm. The earth wire has maximum working tension of 2000 kg
and diameter of 2 em. Assume maximum conductor deviation of 5° is permissible for
all towers and wind force is /. Compute most economical span.

Span | Dy (m) | hy (m) | o (m) | hs (m) | He (m)
250 m | 5.27 12.18 | 15.00 | 17.82 | 28.44
300m | 7.30 14.21 | 17.03 | 19.85 | 30.47
350 m | 9.65 16.56 | 19.38 | 22.20 |32.82

[4]
[4]

(8]

[8]

[4]

[4]
[4]

[4]

(8]



4. a)

b)

-

In Kathmandu, NEA is replacing the overhead distribution system with an
underground system, what could be the probable technical issue and how can they be
tackled?

Compare between American Distribution System and the European Distribution
System with necessary diagram. '

Define load Centre. What are the points to be considered to select a suitable load
center?

A distribution transformer of 25 kVA with No-load loss of 72 W and Rated Eiul';per
Loss is 300 W. Considered the demand for the transformer is 20 kW and the monthly
energy sell equals 4320 units @ 0.9 power factors. Use Loss of Load Factor
{ )=0.3 +0.7. Find percentage energy loss.

What are the purposes of electric load forecasting? Describe based on time horizon
considered for forecasting.

Define Diversity Factor. Explain its relation with number of consumers.
¥k

[6]

[4]

[6]

[6]
[4]
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Lightning over voltage is dominati ng in high voltage system.

Choice of bundle conductor is to improve the voltage regulation.
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[143]
[143]

For same operating voltage, lossless and loss line have same switching overveltage,  [1+3]

Percentage power loss of distribution system is less in comparision with (ransmission

system.

[1+3]

How does the voltage level selection affect power loss, energy loss, and conductor

and insulator economy?

(8]

What is the main basis for air clearance calculation in a transmission system and why?
Calculate different air clearances required for Dhalkebar-Muzzafarpur line designed

to operate at 220 k'V double circuit.

Derive expression for the actual ler

transmission line.

[8]

ngth of conductor in the span length of a

[6]

What do you mean by most economical span? For the desi gn of most economical span
of a EHV line, following information is available.

Span length (m) | Maximum sag (m) |
250 3.001
275 3620
300 4.296
325 3.031
330 5.824

Technically viable conduetor: Sheep

Assumption: All the towers are straight line towers, wind pressure = 100 kg/m?

[2+10]

The air clearance is as shown in the figure, and minimum ground clearance is 10 m.

Neglect the effect of ground wire.

;O
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Show that the percentage voltage regulation in a primary distribution feeder is
inversely proportional to the square of the line voltage.

Derive expression for voltage drop and power loss over distribution feeder assume
load is uniformly varying.

List and explain the considerations to be made while selecting distribution
transformers, their location, primary and secondary voltage levels and layout.

For the 11 kV primary distribution network shown below, determine the size (kVAR)
of the capacitor to be placed at the location shown in diagram to achieve maximum
loss reduction. For simplifying the analysis. Assume voltage at each node is [ p.u. All
impedance are in p.u. at 1000 kVA.

s L—> |4
5 143 743] 343 T4}
1000 KVA ['_

N EV I
L 200 kVA

0.8 Pflag

T
109 kVA BOKVA 150 kVA
07Pflag 085 Pflag 09 Pflag

Bk

[6]

(8]

[10]
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Necessary table is attached herewith,

Assume suitable data if necessary.

State and justify whether the following statement are TRUE or FALSE. [(1+3)=4]

a}

b)
c)

d)
a)

b)
a)

b)

b)

Temporary overvoltage is more dominating than transient overvoltage in transmission
line.

Vertical configuration is generally adopted for transmission line of above 400 kV.
Though thermal lmit design for distribution feeder is applicable in highly dense urban
areas, but the power loss are more in rural areas.

For smali area load forecasting, simulation method is more suitable.

What are the advantages and disadvantages of interconnected system? Discuss the
need of transmission system planning.

What would be the most suitable voltage level and circuit condition for transmitting
220 MW power at power factor of 0.9 over a distance of 173 km?

State and Prove Kelvin's law of meost economical conductor size and explain its
limitation.

Calculate most ecenomical span for 180 km long single circuit transmission system
with single earth wire chosen, considering the following design step data.

Span (m) | Diax (m) | Hi (m) Hy(m) | Hy(m) | Hi(m)
3.15

250 1022 | 13.60 | 1698 | 28.84
300 4,32 11.40 14.72 18.04 | 2998 !
[~ 350 | 548 1258 | 15.95 | 1932 | 31.22 |

Where, Hy: height of lower conductor from ground
H,: height of middle conductor from ground
H,: height of top conducter from ground
Hy: Total height of tower

The power conductor has maximum working tension of 6860 kg and diameter of 25.2
mm. The earth wire has maximum working tension of 2840 kg and diameter of 16.4
mm. Assurne the towers consisted to be §0% type A, and other remaining are of type
B in the system and the wind force of 100 kg/m".

What kind of distribution system is implemented in TNPS? Explain its suilability
based on the types of distribution systems you studied.

A particular load center has a peak demand of 40 kW at pf of 0.85 lagging. The
distribution transformer having 200 watt :on logs and 480 watt copper loss is used 1o
supply four 3 phase LT feeders at 380 V of equal length of 1.5 km each. If LT feeder
conductor has resistance and reactance of 0.9 chm per km and 0.25 determine

(i) % Distribution loss

(i) % voltage drop in LT line

[4+4]

(6]

(10}

[2+6]

[10]



5. a) What are the different methods of Joad forecasting? Describe briefly. [8]

b} Describe the general criterion thal should be taken in to consideration for distributor
route selection, 16}
L

Table Al: Transimission line capability curve with assumption of single eircuit
transmission with surge impedance of 400 ohm.

Length (km) m.f (limits) |
80 275
160 : 223
240 .75 |
320 1.33
480 1.0
640 0.75

N, o
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Candidates are required to give their answers in their own words as far as practicable,
Attempt All questions.

The figures in the margin indicate Fuuli Marks.

Assume suitable dara if necessary.

Necessary table is attached frerewith it

State whether the following statement is TRUE or FALSE. Justify your answer with a

brief explanation, [4xd4)

(i)} Series compensation may be used in EHV transmission line to increase the puwer
handling capacity of the line.

(ii) The value of SSR should not be chosen below 1.8,

(ii1}For determination of tower strength, minimum wind speed is taken into account.

(iv)Radial distribution system is more reliable thar Network gystem,

a) Discuss the steps while chcsésing the most economical voltage and number of circuit
. for & transmission line desien, _
b) Compare the properties of porcelain and annealed tough glass.

For'3 phase 50 Hz transmission kine to deliver 100MW of power over 70km, 132kV
single cirevit line has been decided to design. Suggest the suitable conductor which meets
following technical eriterion.

(i) Satisfy the thermal limit. :

(ii) Efficiency of line not to be less than 94%

(iii)Voltage regulation of line not to be. greater than 12%

- Use conductor table attached. Assume the ambient temperature and maximum allowabls

5\

temperature same as mentioned in conductor table.

a} Determine the position of max:mum sag from either supporting towers of equal height
at a different elevation from a common reference. Also, explain the condition of

virtual sag. <
b} From the initial survey of particular load center, the followin £ data has been obtained.
% : =
Consumer | Potential | Avg. Monthly gﬂ' of 1.3 o ol g at;:ern
Class o Consumption effective Contribution oad
- daysmonth | factor to peak | factor
- Domestic 100 30kWh 30 . 10 0.25
Commercial 20 J0kWh 25 0.5 - (.30
Non-
| omenctal 50 20kWh 20 0.1 0.25

Assuming mn;umptinn' growth factor of 5% in each year for each class and
electrification coverage factor by 5" year is 70% for all, determing 5% year peak load -
of the load center in kW,

aj Discuss the suitability and choice of American and European distribution system
layout in context in Nepal, '

b) Discuss merits and demerils of ABC (acrial bundled conductor) in LT distribution
systermn.

o

¢) Discuss the suitability of underground and overhead distribution systern,
: ki

[10]
(63

[i6]

[6]
(10]

(6]

[4

[6]
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Candidates are required to give their answers in their own words as far as practicable.

Artempt AUl questions.
The figures in the margin indicate Full Marks.
Assume suitable data if necessary.

State and justify whether the following statement are TRUE or FALSE.

a)
b)
c)
d)

than rural area.

a)

overhead transmission line.

b}

insulation level.

For conductor ampacity compuiation, maximurm wind speed is taken into account,
Height of tower is the function of voltage only.
Corona is more dominating design criterion for LV Transmission lines.
The loop arrangement of distribution feeder in wrban area is relatively econotmical

Discuss the criterion for single and double earth wire selection for a high voltage

Discuss the role of system (Neutral) earthing in the selection of overhead line

To transmit a given amount of power to a given distance a double circuit line with a
double earth wire is choose for which the following design steps are completed, compute

the most economical span.

Span | Duag(m) | by(m) | ha(m) hs (m) Hy (m)
250 m 3.48 9.70 14.52 19.35 24.84
300 m 5.09 11.30 16.13 20.96 26.45
350 m 7.02 13.24 18.06 22.89 28.39

where hy, hp and hs are height of lower, middle and top power conductor from ground and
Hi is total height of tower.
The power conductor has maximum working tension of 6890 kg and diameter of 25.97
mm. The earth wire has maximum working tension of 3332 kg and diameter of 14.60
mm. Assume maximum conductor deviation of 5° is permissible for all towers and the
wind foree is 100 kg/m®. :

a) Justify that there is a most economical voltage choice for a given amount of power to
be transmitted over given distance.

b)
a)

Compare the merits and demerits of radial, loop and network distribution system.

From the initial survey of particular load center, the following consumer data has been

obtained:
5" vear load pattern
s Clies Potential | Avg. Monthly | No. of effective :
consumer | Consumption | days fmonth | Contribution | Load
. ; factor to peak | factor
Domestic 100 30 kWwWh 30 1.0 0.25
Commercial 20 30 kWh 23 0.5 0.30
MNon commerclal | 50 {20 kWh 20 0.1 0.25

Assuming population growth factor of 1.8%, consumption growth factors of 3% in
each year for each class and electrification coverage factor by 5" year is 70% for all
consumers classes, determine 5 year peak load of the load center in kW. Also,

Project implementation period be 2 years.

[4x4]

[6]
[10]

[16]

[8]
(8]

[10]



b) For the 11 kV Primary distribution Network shown below, determine the size (KVAR)
of the capacitor to be placed at the Jocation shown in diagram to achieve maximum
loss reduction. For simplicity of analysis assume voltage at each node is 1 pu All

impedances are in p.u. at 1000 kKVA.

S
5 142
1000 kVA
33/11kY

100 kA
08pf lag

*E¥F

CC T

150 EVA
0.9pf lag

L
i

200 kA
0.6 p.f. lag

[6]
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Candidates are required to give their answers in their own words as far as practicable.

Attempt AL questions.

The figures in the margin indicate Full Marks.
Conductor Table and Appendix attached herewith.

Assume suitable data if necessary.

State the following statements are TRUE or FALSE? Justify your answer with a brief
[(1+3)=4]

a) Impulse withstand voltage of an overhead transmission line msulator dapands on

explanation.

system (Neutral) earthing condition.

b) Height of tower is the function of voltage only.
¢) Thermal limit design for distribution feeder is applicable in dense urban areas but

~ power losses and voltage drop is major concern in rural areas. :
d) The peak demand of a load centre is the sum of the peak demand of di L o——

consumer classes.

g

“n
-

In design of a transmission line for delivering power of 180 MW for a dlstuncf: of ZE}G

km. Considering that the system is to be operated at power f&c‘tor r.:f !‘.}ES ﬁnd the ;

required numbers of insulator disc per string to be selected.

a) For the design of most economical span of a high vnrlt&ge. h’ansn:us:‘:lﬂn 1m¢ fﬂilnwmg
data are available for a particular conductor. Select the? mnst eﬂon{}mmai span

Given that: conductor diameter = 28 mm

Cross sectional area = 463 mm?

UTS = 15910 kg
Wind Pressure = 100 kgz'm
Factory of safety =2
Span(m) Maximum Sag{m)
250 3.24
275 | 3.58
300 4.57
325 5.32
350 6.12

(@]

T

gy :
EmI
e
mI

2. Tm =

Assume: All towers are straight line towers. The air clearance is shown in figure.
Minimum ground clearance is 6m. Neglect the effect of ground wire.

b) What do you mean by corona? Derive the expression for corona inception voltage.

[15]

[H'J]

[6]

=]



. a) With the help of a suitable load curve, show that loss of load factor may be expressed

‘as;
LLF=K*LF + K;*LF?

b) The initial survey of a particular load center, the following consumer data has been

obtained.
Consumer Potential Avg. Monthly No. of 5% vear load Pattern
Class Consumer consumption effective | Responsibility | Load
Number (KWH) day/month | factor factor
Domestic 100 30 30 : 1.0 0.25
Commercial - 20 30 2 7 0.5 (.3
Non- 3l 20 . 20 0.1 & " ({.0.25
commercial e ' ; )

b)

1 "I 4 feeders each of length 3km

Assuming consumption growth fantcrr of 5% in each yesr for cach class and
alenmﬁt:anqn coverage factor by L year is 70% for all consumer classes. Determine
5% year peak load of the load center in KW. (Neglect project implementation period)

A particular load center has a peak demand of 50 kW at power factor of 0.8 lagging.
Compute % peak power loss and voltage drop in 3 phase LT feeder cﬂﬂﬂgumtmn with
rated transformer of 11/0.4 kV. ! : ,

_| Option | Feeder configuration

II 2 feeders eachof 4 km v s
guig 3 feeders each of 2 km s

Impedance per phase = (1.140.25) /km. Assume uniformly dmmbui:ed laat! al;mg

feeders

For the 11 kV Primary distribution H’etmfk shown below, detenmna ﬂnaralae (LVAR)
of the capacitor to be placed at the location shown in diagram m * achieve “the
maximum loss reduction. For simplifying the analysis assume mltagf: ateach nc-da is
1 p.u. All impedances are in p.u. af 1000 kVA, .

& :
l'\'_

J".i LF)

S . o

J311kV S WOKVA 50 EVA 100 kVA
08phieg - . 085pLlsg 08 pf lag

Lt

§ 1+1; 1] 14 e il
Sl
1000 kVA é i ‘%’% -

(6]

[10]

[10]

(6]
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v Candidates are required to give their answers in their own words as far as practicable. -
v Attempt AU questions.
v The figures in the margin indicate Full Marks.
v Necessary tables are attached herewith.
v Assume suitable data if necessary.
1. State and justify-whether fné-_ﬁéiluwing statements are true or false. [(1+3)*4]
&) Tnterconmected system dapreases SCMVA of the connected bus.
b) The effective way to increase corona inceplion voltage is to increase the conductor size.
¢) The value of SSR should not be chosen below 1.8
*d) For design of urban distribution line first select the transformer location and then size of the
conductor. : :
2. - a) Discuss the ecnri-:}mi_;.:ai and technical criterion to be considersd while selecting the best suitable
standard voltage level and number of circuits for transmission line design. (8]
b} For a double circuit, 132 kV transmission line, find the following air clearance with
justifications, _ s : [8]
1) Cross arm length
i1} Insulator string length

oAty Hummmal and Vertical separation of conductor
iv) Height of earth wire from top most conductor,

3. a) Determine the horizontal position of maximum sag from either supporting towers of equal height

at a different elevation fromn a common reference. Also, explain the condition of virtial sag.* . [} -

b) Explain the different types of insulator failure. ' S ol

4. a) To transmit the given amount of power to-a given distance a single circuit with single earth wire 15
chosen for which the following design steps are completed; compute the most economical span if the

transmission length is 200 km. 1121
i span(m) | Dmax(m) | Hl{m) | H2(m) | H3(m) | Ht(m)
250 |34 10245 | 13.555 | 16.865 | 28.815
275 3.69 10,801 | 14111 | 17.421-7] 29.371
300 4.27 11,383 | 14.693 | 18.003 | 29.953
325 4.88 11.965 | 15298 |18.608 | 30.558
350 5.50 12548 |15.923 | 19233 | 31.183

Where H1 height of lower conductor from ground’
H2 height of middle corductor from ground .

H3 height of top conductor from ground

Ht total height of tower.

| The power conductor has maximum working tension of 6390 kg and diameter of 25.97mm. The earth wire
: has maximum working tension of 2856 kg and diameter of 16.52mm. Assume 80% tower are of A type.
15% are of B type and 5% are of C type and the wind force is 100 ke/m?,

b) What is Rﬂ]i&g span? Explain the surveying requirement for transmission and distribution line design.
' (1+3}

& iy



5. a)Show that the voltage drop and power loss in feeder of uniformly distributed load is half and one third
of that in end loaded condition. |

b) The consumer data for particular distribution transformer for a specified vear is as shown as

3

Table-1
Consumer class Class A | ClassB Class € o
Consumer Number B0 0 an
Monthly energy consumption 30 kwh 12 kwh 25 kwh
No, of effective days per manth 30 24 26
Coincidence factor | 2.9 0.95
Power factor 09 . 0.8 0.85
Load pattern Table 2 Table 2 Table 2
Table-2
{Mimefhis) | GOFE00 | 6.003000 | 16.00-14.08 | 14001800 L 18.0021.00 | TTo00e a0
Class A 0.1 0.4 02 0.2 1 0.4
Class B 0.1 0.1 0.5 1 0.5 0.1
Class C 0.1 0.1 1 1 0.1 0.1 i

e PP

Determine the following.

For each class of consumer:

1, peak load '
H. , Load factor (daily and annual)
iii  Contribution factor

" Annual energy sell
F::rr distribution transformer {N eglect LT lasses}
i - peaklpad -
11 " Load factm'
1i ﬁnnual gnergy se]is 3

c} Explam the small arca iom mrer:asnng w1th rh¢ neip of load growth curve of small area,

Aok

8]

folloas,

[10]

(4]
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required to give their answers in their own words as far as practicable.
Attempt All questions.

The figures in the margin indicate Full Marks,

Necessary tables are attached herewith,

Assume suitable data if necessary.

. State the following statements are TRUE or FALSE? Justify your answer with a brief

explanation. [(1+3)=d]
a) Power transfer capability of a transmission line increases with increase in line length

at same voltage,
b} The insulators are designed so that it will punctured before it gets flashover.

The value of Switching Surge Ratio (SSR) increasing the system voltage for

insulation coordination designing purpose.

<)

d) The height of a tower is independent of span length of the transmission line.
a) Design of transmission line is to be carried out to deliver 200 MW of power over a
distance of 160 km. Design. [10]
i) Standard voltage of power transmission
i) Number of transmission line circuits
iti) Number of standard disc insulators needed to withstand Lighting overvoltage
Assume that Flashover withstand mtio = 1.15, Non-atmospheric condition
factor = 1.1, Factor of safety = 1.1. Use attached Appendix for relevant data,
b} Explain the basic configuration and advantage of string insulator used in HV line
brief, [6]
i a}' To transmit given amount of power to.a given distance a double circuit line with a
double earth wire is chosen for which the following design steps are completed,
compute the most economical span, ' [101
 Span Dmexfm} | hitm) | hafm) [ ks (m) He (m)
250 m 3.48 2.70_ 14.52 19.35 24.84
300 m 5.09 11.30 16.13 20.96 26.45
350m 7.02 | 13.24 18.06 22,89 28,39
where hy, hy, and h; are height of lower, middle and top power conductor from ground
and H, is total height of tower,
The power conductor has maximum working tension of 6890 kg and diameter of 25.97mm.
The earth wire hasmaximum working tension of 3332 ke and diameter of 14.60mm,
Assume maximum.gopductar.deviation of 5% is pefmissible for all towers and the wind
forceietedg/ims.
b} Derive the expression for maximum sag when the supports are at different level from
the reference line. (6]

T



4. a} Discuss the comparative assessments far following: [&1

1) Overhead and underground distribution systern
1i} Radial and Loop distribution system

b) Cmnpure, the power loss and maximum voltage drop for a 16 km long 11 KV, 3 phase
primary distribution line having sending end current of 100A with uniformly varying
load. (Use R = 0.6/ lam and X =0.3 £2/km) ' [8]

3. 8) For a 11 kV Primary distribution Network shown in below, determine the size
(kVAR} of the capacitor to be placed at the location shown in diagram to achieve
maximum loss reduction. For simplicity of anaij.rs:s assume voltage at each node is |

pu. All impedances are in p.u. at 1000 kVA. (8]
S 1+2] 3 _E é
1000 KVA I i
33/11kv 100 kYA~ 150 kva  200kvA
0.8p.f lag 0.9pf lag 0.6pf. lag

b) Discuss the primary considerations to be given while selecting a distribution transformer
' size and its location. (8]

£ T
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Candidates are required to give their answers in their own words as far as praﬁie:@jmﬂ gl
Artempt AU questions. : s (R o
The figures in the margin indicate Full Marks. o o g
Necessary tables are attached herewith. : TN
dssume suitable data if necessary. i

State and justify whether the following statements are true of false,

a) Horizontal conductor configuration is general choice for and above 400 kV
transmission line.

b) The curent carrying capacity of conductor increases with increase in ambient

temperature. _
¢) “Corona is more dominating design eriterion for LV Transmission lines.
d) Network distribution system is more reliable than Radial Distribution system.

a) Explain the effect of varying following parameter on conductor and insulator cost per
-unit length of transmission line.

() Power to be transmitted and length of line
(i} Voltage level
(iii)Number of circuit

b) Compute the various air clearances required for a 220 kV single circuit.Transmissiﬂn
line.

a) Explain the factors affecting the choice of BIL of a transmission line for insulator
discs selections. - ;

b) To transmit the given amount of power to a given distance a single circuit with single
earfh wire is chosen for which the following design steps are completed, compute the
most economical span if the ransmission length is 200 km. Assume 10% of Towers
have been used to take care of maximum angle deviation of 15° and rest are straight

fine Towers.

Span | Dmax(m) F Hi(m) | H2{m) | H3(m) | Ht(m)
(m) : L

250 | 3.14 10.245 | 13.555 | 16.865 | 28.815
275 | 3.69 10.801 | 14.111 | 17.421 | 20.371
300 | 4.27 11.383 | 14.693 | 18.003 | 29.953
1325 |488 11.965 | 15.298 | 18.608 | 30.558
350 |5.50 12.548 | 15.923 | 19.233 { 31.183

ot
L

[4x4]

[8]

[y

6]



where,
H; height of lower conductor from ground
H; height of middle conductor from ground

Ha height of top conductor from ground
H; total height of tower

The power conductor has UTS of 8000 kg and diameter cai' 21‘3 mm. The earth wire !:nas
maximum working tension of 4000 kg and diameter of 16 mm.
Wind Force: 80 kg/m” and Factor of safety for Tension is 2.

. a) Explain TJ:Lc dependency of energy loss computation in a transmission / distribution
line on the load factor with proper mathematical aid.

b) Show that the percentage voltage Regulation in a Primary distribution feeder is
inversely proportional to the square of the line voltage, '

. a) Explain one of the small area forecasting method. ./

) A 11 kr /0.4 kv, 100 KVA distribution transfomer has 4 outgoing sacﬂndar}r
distribution lines of 1.5 km each. The conductor 'used has resistance of 1€} / km,
Determine the monthly energy loss in the lineg if the peak demand of the load centre
has 80 KVA at the load factor of 0.4, Given LLF = 0.3LF + 0.7 LF%,

o :
4

[10]
(8]

18]
161

[10]
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Candidates are required to give their angwers in their own words as far as practicable.
Attempr Al questions.

The figures in the margin indicate Full Marks.
Necessary tables are attached herewith.
Assume suitable data if necessary.

. State whether the following statements are TRUE or FALSE? Justify your answers witha

brief explanation. - £y [(1+3)x4]

a) Most economical voltage increases with increase in number of circuits.
b) Corona Inception voltage is mversel}r proportional to the GME. of conductor.
¢) Maximum sag in stringing condition is greater than in tu“Ehest and easiest conditions.

d} For design of rural distribution first select the transformer size and then size of the

" load centre.

- a) Discuss and Explain the Appropriatencss of Emperical Fur;ﬁlﬂa used for most

Economical Voltage Selection based on number of circuit to transmit P MW power
over.a distance of L km given in Appendix. Hence choose the most suitable standard
voltage and number of circuit for 150 MW power over a distance of 100 km. [4+6]

" b) Discuss the various factors affecting the air clearance for a transmission line of a

given voltage. : (6]

. a) Discuss the role of system neufral eartlung in insulation level selection for a

transmission line. [6]

b) For a 3-phase S0Hz transmission line to deliver 100 MW of power over 80 km, 132
kV single circuit line with following air clearances of phase conductors has been
decided to design. Suggest the best suitable conductor which meets following
technical criterion: 107

(i) Satisfy the thermal limit
(ii) Efficiency of line not to be less than 94%
(iii)No Corona in fair weather condilion

]
T 2Em
]
3 : 25m
am ‘
-

4, a) :Explmn the factors affecting the tower cost for transmission line. Derive the

expression for computing the bending moment acting on tower due to tumning of line
by an angle of c. _ [6]



by The consumer data for particular distribution transformer for a specified year is a8

shown as follows.
Tabie - 1
Consumer class Class A | Class B | Class C |
Consumer Number 80 30 40
Monthly energy consumption 30 kwh | 22 kwh | 25 kwh
| No. of effective days per month | 30 24 26
Coincidence facior 1 0.9 .95
Power factor 0.9 0.8 10.85
Load pattern Table 2 | Table 2 .| Table 2
Table - 2 ;
Timme(hrs.) | 0.00-6,00 | 6.00-10.00 | 10.00-14.00 | 14.00-18.00 | 18.00-21.00 | 21.00-24.00
Class A 0.1 0.4 0.2 02 1 0.4
Class B 0.1 0.1 0.5 1 0.5 0.1
Class C 0.1 0.1 1 1 0.1 0.1

Determine the Peak demand if the load center.
5. a) Explain the suitability of single phase and 3-phase distribution transformer.

&by

A 11KV/0.4KV, 50 KV A distribution transformer has No-load Joss of 120W and Rated
copper loss of 200W. Determine -the percentage monthly energy loss of the

transformer if the peak demand is 30 KV A at a Power factor of 0.9 and load factor of
0.3, Given LLF = 0.3LF+0.7LF". :

¥

[10]

[6]

[10]1
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Subject: - Transmission and Distribution System Design (EE754)

; v" Candidates are required to give their answers in their own words as far as practicable.
: v Attempt Al questions.
! ¥ The figures in the margin indicate Full Marks
v Necessary tables are attached herewith.
! v Assume suitable data if necessary. -
1. State whether the fuIlnwmg statements are TRUE or FALEE Justify your answer with a
brief explanation. - [3=d]
. i) Loss of load factor (LLF) is always urity while evaluating energy loss from
| constant power loss.
i) ACSR is preferred choice than' AAAC (All Aluminum alloyed conductor) for
' transmission line because of its high tensile strength.
'*"m'i} The value of SSR is kept larger as the system voltage is higher over 220kV.
i w} "£he /R ratio is high for transmission line while low for distribution Imes
- a) Make a detail technical and economic comparison of ac § de transmission. i8]
: _ b} Describe the steps to be followed while selecting the number of insulator discs for a
- . tranismission line design. [81

3. a) ‘A firansmission line is to be designed for mtercunnectmg a gmeratmn Df 250MW
" ‘power 1o the power system grid. The scenario of generating site and vicinity of grid is
depicted in the figure below. Suppose you are appointed as ah electrical engineer fo
design the voltage level and nmumber of circuit for above power transmission, what
would be your selection among the options? Justify your selection. : {10] -

,,-" 20kv Grid

Generating
station

by Compite ratio of vertical separation of conductors of 132 kV and 220 kY double
circuit transmission line. Derive any expressions used. i8]



4, To transmit a given amount of power to a given distance, double circuit line with a double
earth wire is chosen for which the following design step are completed, cnmpute the most

economical 8 pan

‘Where, H;~ Height of lower condition from ground, H; — Height of middle condition
from ground, H; — Height of top condition ffom ground, Ht — total height. The power
conducter has maximum working tension of 6000 kg and diameter of 4 cm, The earth
wire has maximum tension of 2000 kg and diameter of 2 cm. Assume 80% as tower A,

| Span(m) | Dme | Hi(m) | Ha(m) | His(m) | Hi(m)
250 527 1 12.178 | 14998 | 17.818 | 28.444
275 6.24 | 13.148 | 15968 | 18.788 | 29.414
300 | 7.3 | 14208 | 17.028 | 19.848 | 30.474
325 5.43 | 15338 | 18.158 | 20978 | 31.604
350 9.65 | 16.558 | 19.378 | 22.198 | 32.824

15% as towexr B and 5% tower C and the wind force is 100 kg/m’.

5. a} A particular load center has a peak demand of 50 kW at a power factor of 0.8 lagging.
For the following two cases of 3 phase LT feeder configuration at distribution
transformer, compute the % peak power loss and maximum percentage voltage drop
in LT.
Option I : 4 feeders each of length 2 km
Option II : 2 feeders each of length 4 km
The resistance and. reactance per phase of LT conductors are 1.1 £km and 0.25
O/km: - Assume - uniformly- dmtnbmeﬂ foad " a]ﬂng ‘the feeders. The dwmbunﬂn
transformer is rated 11/0.4 kv

b)

From the initial survey of a particular load center, the following consumer d.ata has

been obtained:
Congumer Potentisl | Avg. menthiy | No.of Effective & Yow .
= Consamver | Coseumpting | Dayg/manithy ’:“‘“.-M““"- I 2
= : | -. ESONH 0 Paak Lozd Factod
Domestic 100 30 ¥k ) . 10 0.25
Cormmercial 0 20 KWk - 45 0.34
Mon-Commersizt | 50 20 KWh 20 L5] 0.25

" Determine the 5™vear peak load of load center in kW,

Data for load forecast({for ail consumer classes):

Load growth factor: 5% for first year and an increment of 1% from 2™ year. -
__Population growth factor: 2% each year.

Percentage coverage factor: 70% by 5™ vear.

#g

[15]

[10]

(9]
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Candidates are required to give their answers in their own words as far as practicable.
Attempr Al guestions.

The figures in the margin indicare Full Marks.

NMecessary tables are aitached herewith,

Assume suitable data if necessary.

R N

1. a) State whether the following statements are TRUE OR FALSE? Justify your answers
with a brief explapation. ;
i) Interconnected system reduces the fault MVA of the connected bus.
ii) HVDC converter station requires huge amount of reactive power SUpport.
iiiy For a 765 KV line transient stability limit is more than the thermal limit.
iv) Height of the tower is independent of span of line.

by Justify the following statements in brief: f4]

i) The underground distribution feeder maynt only be & necessity but also
ecnnomical in urban area.
i) The trending method of the load forecast is more suitable for large area load
A forecast | _
© 2.7 a)’ Selett the most economical and technically adequate voltage level and no-of cireuit L
" for a transmission line to transmit 160 MW at a distance of 100 Km. 85 -
1) Discuss the primary considerations to be given when selecting a load center and
" distribution transformer while designing a grid extended rural and urban distribution. 8]
3. ay Why is it necessary to compute the tension in conductor for transmission line vnder
varying condition? Derive the equation correlating the tension in line in two difierent

{3x4]

conditions. [2+8]
b) Discuss the suitability and choice of American and European distribution system
layout in context of Nepal. _ 6]
4, @) The design data for a double circuit transmission line with a double earth wire are as
follows: ) ' 1]
Su:an szx {I‘!"i} _hi {mi hi {mj h! {m} Ht Em}
250 m Bt 12.18 15.00 17.82 28.44
300 m - 7.30 14.21. 17.03 19.85 320.47
350 m 9.65 18.56 19.38 12220 13282
Wh?j.rﬂ__'_if.’!i;'ihza_ﬁ_“d hy are heights of lower, middle and top power conductor from.
BTG : Etotal height T:'a’f't?:lw?r. i S B
The power conductor Ihés maximum worki}rg tension of 8000 kg and diameter of 4 cm.
The sarth wire has'ma'ﬂmum working tension of 2000 kg and diameter of 2 cm.
Assume maximum ca_ndudtér' deviation of 5° is permissible for all towers and the wind
force is 100 kg/m’. -
Computa the most economical span.
by Classify the overhead line. insulators. Write advantages of string insulators for HV
[6]

lines and state the various configuration of string insulator,

h



. A particular load center with uniformly distributed load of peak demand 40 KW has a
power factor of 0.8. The distribution transformer has four 36 LT feeders at 380 V of equal
length of 2 km each, If the per phase resistance and teactance of LT conditions are
1.1C¥ Jam and 0.250/km, determine:

iy LT percentage peak power 1011
i1y Maximum percentage voltage drop in LT

. Design of a transmission line is carried out to deliver 250 MW of power over a distance
of 160 km. Design

a) Standard veltage of power transmission
b) Number of transmission line circuits
¢) Number of disc insulators needed to withstand Lightning overvoltage

Aésume that Flashover withstand ratio = 1.13, Non-atmospheric condition factor = 1.1,
Factor of safety = 1.1. Use attached Appendix for relevant data.

ke

[10]

[8]
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Candidates are required to give their answers in their own words as far as practicable.
Atrempt All questions. - ' '

The figures in the margin indicate Full Marks,

Necessary tables are attached herewith,

Assume suitable data if necessary.

State whether the following statements are TRUE or FALSE? Justify your answers with a
brief explanation. . . i

;a].

by
-

Grid mﬁﬂﬁﬁﬁlﬂ_d power system is more stable. o :
The value of Switching Surge Ratio (SSR) is kept smaller as the system voltage is
higher over 220 kV. £y T " ; P
For an overhead line insulator, the flash over voltage should be made greater than

.. puncture voliage.
d)

The effective way to increase the corona inception voltage is to increase the conductor

. 3 EEZ‘E_,..-J.;:-"' =

S
s

Disﬁﬁés the economical and technical criterion to be considered 'w?ﬂiE selecting the
best “stitable standard voltage level and number of circuits for transmission line

7 design.

' justifications.
“{) Cross arm length

For a double circuit, 220 KV transmission lins, find the following air clearance with

i) Insulator string length .

 §i{) Horizontal and vertical separation of conductor

b)

Condustor Total tower cost/km Total conductors cost’km | Annual energy loss/km
(1000 Rs.) (1000 Rs.) (1000 Rs.)

Goat 890 ' - 1254 | 32

Sheep 936 1450 s 27

Zebra 974 ' 5 1585 , 24

Deer 964 ' . 1663 ' 24

Elk 968 2 1847 21 |
Using the following data. - - '
Energy Rate =Rs. 7.2 per unit - e e
nterest Rate =10%>=--  ~ © © 1 T )
Project Life =20 years === : P o, Y

iv) Height of earth wire from top most conductor _

Determine the horizontal position of maximum sag from either supporting towers of
equal hejght at a different elevation from a common reference. Also, explain the
condition of virtual sag. ' - : :
For transmission line design following computations has been made, Select the most
economical conductor.

[(1+3)x4]

(5]

U

[6]

(10
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5. a)
b)
c)
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Discuss the pnma:y considerations to be gwen while selectmg a_distribution
transformer size and its location. i

Using equation LLF = K,*LF+Ko*LF’, compute the apprﬂpnate value of Ky and Ky
of system having following load pattern.

Time 0:00 - 6:00 - 10:00 - 14:00- | 13:1}&- 21:00 -
(hrs) a:00 10:00 14:00 18:00 21:00 24:00
Demand i
0 4 2 iR 10 4
(MW) ;

List out the considerations to be made while sitting an area substauon.

State and prove Kelvin's Law of most economical conductor size. Explain its
limitation. : ) i

Derive expression for voltage drop and power loss over a distribution feeder assuming

. uniformly varying loading.
e ;
i
%
:
2 .
; §
X

[6]

[10]

(4]
[6]
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3 _5 3) ‘Discuss the

- R | a) Explain the electrical considerations required to be made. wmkwsdmung a con&uctor

it 2 e e i b e R i Tt
.I a ; £ '—'—'—:ﬂ —— _..:—-..__:I '
L 7 _:I = . 5 e e
T a |! b.;'.i-,l :-'-" :.I ]
TRl Rt L solf
'22' T TR..[BHUVAN UNIVERSITY Exam. : I\c“ B-J,EL :[ZIIII" 6 & a .
INSTITUTE OF ENGINEERING | Level BE : !Fuu Marl{s | 80" E} &
Exammatmn Control Division | Programme | BEL F | Pass Marks | 32 _;' b
2071 Magh i 4 Yea:IP:rt v/ | Time Fhrs. | o
Sufr_.rec: - Transmissmn a.nd Dmmbutmn Syatam Demgn (FE?_E:;) o K
v Candidstes are required to give their answers in theu: own words as far as prachcabl& S
- Atiempt All questions. - S
¥ ~The figures in the margin indicate Full Marks,
" Necessary fabl ures are a.!'facfmd herewith.
v Aswme suzfa&fe data :f necessary.’ 3
£ Sta:l:e whether the fnlIe::ﬁmﬂg staiv:rm:nts are TRUE or ALSE‘? J ust:f'j' your ansWe:rs 'l.wr:h g i
brief explanation. : 7 N _'_-[(1+3j 4
") On increasing the voltage lmﬂl the cost of pin t}fpe insulator varies linearly. & =
- :b)" The value of SSR should not be chosen below 1.8. P
u;) ‘While designing the insulator, ﬂ'lﬂ flash over voltage should ba mads gma_ter,_ i
¢ -puncture voltage. . L
¢ '_d} For the same upcratmg vultag@ lweI lasslr,ss line and lossy line have sarme switchin

Lt

] -'um voltage.
effect of. w:-ltagea ieval in pnwer ,and Enﬂtg}" lnss, and canduo}:’a'

e S

. insulator economy.
1~ b)) Compare Toughend C GI,EES Iusﬁlﬁinr and Pomalmn [nsulaiar
3 :_3'.}' Dctmmne the position of max:mum sag from either suppm-hng towers m f:q.ﬁ il hei
. at & different elmratmn frum | §-Pommion reference. Also, explain the mndmi:rn:'n

i

‘virtual sag. . k

i b) For transmission line’ design failnmg cnmpumnﬂns has been madﬁ Ealsct tha nE[

Nedip ecomnucal cnnductor 2 _ ; 3
o S “Total tower mata’Km Tﬂtal cnuducmr 1 Annual energy. iy
a[ (1000Rs) | cosu’Km (1000Rs) | loss/Km (Iﬂﬂﬂ'kWh_)’_.-
Goat 890 1254 32 3
4 |, Sheep 936 1450 i :

ek Zebra " | 974 . 1585 g g
' Degr 964 1663 240 - £
Elk | . 968 : 1847 s 21 ETRRNTY Ty )

- E Usmg the following data choose the best conductor.
Energy Rate = Rs: 9.0 per unit
Iﬂiﬂfﬂﬁf Hafe = lﬂ% = ) M
Project Life =20 years - G

=7k fora h1gh voltage transmissian line. - = )
= : R
X : : T T T T T i el e ot ooy L ARE syl NSRS . B
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INSTITUTE OF ENGINEERING - - | Level — BE | Full Marks | 80 -
Examination Control Division |Programme | BEL | Pass Marks [ 32 |

2070 Magh - {Year/Part |[IV/I Time | 3 hrs.

Subject: - Transmission and Distribution System Design (EE734)

v Candidates are required to give their answers in their own words as far as practicable.
v Artempt All guestions.
v The figures in the margin mdxcm‘e Full Marks.
v" Necessary fables are attached herewith.
v Assume suitable data if ﬂeca.rmry

1, State whether the following statements are TRUE or FALSE? Justify your ariswers with a brief
cprmah ofL [(143)*4]
a) The Simulation methed of the inad forecasting is more suitable for small area load ﬁ::rer.:as:.
b) HVDC transmission system is better choice in case of lomger length than HVAC
transmission system. '
¢) While designing the long transmission line, if the stability criterion is met then the thermal
criterion is also met.
d) The AAAC is superior to the AAC in terms of electrical conductivity.

2. &} Explaln the merits & demerits of grid connected power system. - | 5.
b) Explain the dependency of power transfer limit to surge impedance ratio & leng'lh of transmission lme,, [4]
c) Explain the basic configurations of insulating string in brief, _ 6]
3 a) Lrsm,g the equation of maximum sag & conductor length djrectij.r dEI'WE the siringing (6]
equation.

" b) For the design of most economical span of an extra high m:lltagf: transmission line,
following data are available for a particular conductor. Select the most economical span.
Given that: condugtor diameter = 2Imm
conductor Cross sectional arsa = =162 mm’
conductor UTS=912T kg

Wind Pressure = 100 kg/m’ ) o
Span{m} Maximum Sag(m) | : g} -
250 436 I
275 522 o -
| 300 6.04 e
325 6.89 i<+
350 7.81

[10]

Assume: All towers dre straight line towers. The air clearance is shown in figure. Minimum
ground clearance is 10 m. Neglect the effect of ground wire.



4, 8) With help of arbitrary load curve derive the carrelation between load factor (LF) & loss of 6]
load factor (LLF) as LLF = Ki{*LF+K,*LF".
b} Compute the power loss & voltage drop for a 15 km long 11 XV three phase distribution
feeder having sending end current of 100A with uniformly distributed load. Use z =
(0.6+3f) € km. Derive any expression used in above caleulation.

5. a) Forthe 11 kV Primary distribution Network shown below, determine the size (KVAR) of “
the capacitor to be placed at the location shown in diagram to achieve the maximum loss '
reduction, For simplifying the analysis assume voltage at each node is 1 pu. All [10]
impedances ere in p.u. at 1000 kVA.

‘C

S 1+2] 243j 244j | 3+4) i

1000 KVA : ¢ on
33/11kV : 150kFA. b7
100 kVA 100kVA g pf lng

0.6 p.f. lag  08pflag”

200 KVA
0.6 pflag

b) Discuss merits and demerits of ABC (Aerial Bundled Conductor) in LT distribution system. [6]

ke
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22 °  TRIBHUVAN UNIVERSITY [ Exam,

Subjec“; - Transmission and Distribution System Design (EE754)

N

[y
.

Candidates are required to give their answers in their own words as far as practmab]e
Artempt Al questions.
The figures in the marein indicate Full Marks.

- Necessary data/tables are attached herewith.

Assimme suitable daia if necessary.

a) With clear distinction, explain the suitability of increasing the system vu]tagé and
increasing the number of circuits during the voltage selection process for a HV
- transmission line design,

| b) Select most economical and technically adequate voltage level and number of circuits

for a transmission line to transmit 300 MW of power over a distance of 200 km.
a) Fora220kV double circuit transmission line, suggest the dimensions for following,

i) Cross arm length

i) Insulator string length

iii} Horizontal and vertical separation of conductors
iv) Number of earth wires

v} Height of earth wire from the top most conductor

(Take max. swing of insulator as: 457)

b) Discuss the role of system earthing in the selection Df overhead fransmission line
insulation level for temporary, lighting and switching over voltages.

To transmit a given amount of power to a given distance a double circuit line with a
double earth wire is chosen for which the following design steps are completed, compute
the most economical span.

Span Dym(m) | Iy (m) ho(m) | by (m) H; (m)
250 m 5.27 12.178 |  14.998 17.818 | 28444
275m | 624 13.148 15.968 18.788 29.414
300 m 7.30 14.208 17.028 19.848 30.474
325 m 8.43 15.338 18.158 20.978 31.604
350 m 9.65 16.558 19.378 22.198 | 32.824

Where  h; height of lower conductor from ground
hs height of middle conductor from ground
b3 height of top conductor from ground
H; Total height of tower

- The power conductor has maximum working tension of 6000 kg and diameter of 4 cm.

The earth wire has maximum working tension of 2000 kg and diameter of 2 cm. Assume

- ma:-c:mmn conductor deviation of 5° is permissible for all towers and the wind force is

100 kg/m”.

8]

[8]
(81

- [8]

[16]
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4, With reference to a distrbution system design, state whether the following statements are
True or False with justification. [(1+3)x4]

a) In rural distribution, its good practice to go for higher primary distribution voltage
than usual,

b) The underground distribution is relatively economical in rural distribution than urban
distribution.

¢) InNepal, the primary and secondary djstrihut:_'nh systems operate in radial,

d) If the utilization voltage is lower, single phase distribution transformers are preferable

-choice.
5. a) From the initial survey of a particular load center, the fullamg consumer data has
been obtained. - - [
£ ih '
Potential | AYE | No.of (—2-yearload ”_m _
Consumer class | consumer a5 I;ﬁ effective | Responsibility | Load
no. o (K‘J:"H}[ day/month factor _ factor
Domestic 100 30 30 1.0 0.25
Commercial 20 C 30 25 - 0.5 0.3
Non-commercial 50 20 20 0.1 0.25

Assuming ‘consumption growth factnrs of 5% in each year for each class and
eiecmﬂc&u@n coverage factor by 5™ year is 70% for all consumers classes determine
5™ vear peak load of the load center in KW. (Meglect project implementation period)

b) Explain the advantages of higher value of load factor with mathematical aid, (6]

L]
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