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

Attempt All questions.

Conductor Table and Appendix attached herewith.

v
v
v’ The figures in the margin indicate Full Marks.
v
v

Assume suitable data if necessary.

~.. State the following statements are TRUE or FALSE? Justify your answer with a brief
[(1+3)x4]

a) Impulse withstand voltage of an overhead transmission line insulator depends on

explanation.

system (Neutral) earthing condition.

b) Height of tower is the function of voltage only.

c) 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 different

consumer classes.

2. In design of a transmission line for delivering power of 180 MW for a distance of 200
km. Considering that the system is to be operated at power factor of 0.85, find the
required numbers of insulator disc per string to be selected.

3. a) For the design of most economical span of a high voltage transmission line, following
data are available for a particular conductor. Select the most economical span.

Given that: conductor diameter = 28 mm

Cross sectional area = 463 mm’
UTS =15910 kg

Wind Pressure = 100 kg/m2
Factory of safety = 2

Span(m) Maximum Sag(m)
250 3.24
275 3.88
300 4.57
325 5.32
350 6.12

O

g!

o
2m I
o 8.7m

)

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.

[16]

[10]

[6]



4. 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" year 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 g‘ 25 0.5 0.3
Non- 50 20 ‘- 20 0.1 = [ 025 |
commercial | f }

b)

Assuming consumption growth factor of 5% in each year for each class and
electrification coverage factor by 5% 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 configuration with
rated transformer of 11/0.4 kV. =

Option | Feeder configuration

I 4 feeders each of length 3km
II 2 feeders each of 4 km

I11 3 feeders each of 2 km

Impedance per phase = (1.1+0.25) Q/km. Assume uniformly distributed load along
feeders

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 the
maximum loss reduction. For simplifying the analysis assume voltage at each node is
1 p.u. All impedances are in p.u. at 1000 kVA. ; :

g 141 1+1j 142 i
1000 kVA II é
33/11kY 100 kVA 50 kVA 100 kVA
0.8 p.f. lag 0.85pf. lag 0.8 pf lag

*oakok

[6]

[10]

[10]

[6]




APPENDIX

i : = 05
1. Most Economical Voltage Empirical Formula: V = [lis o= 2 ]

COS@XN-x150
it. Standard Voltage: 66 kV, 132 kV, 220 kV, 400 kV
iii. Table A-1: Transmission line capability curve with the assumption of single circuit
transmission surge impedance of 400 Q.
Length Power Transmission Capability/SIL
80 2.75
160 2.25
240 1.75
320 1.35
480 1.00
640 0.75
iv. Table A-2: Withstand voltage capability for different system voltage.
Maximum System | 1 Minute Dry withstand 1 Minute Wet Withstand Impuise Withstand
Voltage (kv) (kV) (kv)
123 215 185 450
145 265 230 550
255 435 395 800
420 760 | 680 | 1550 ol
V. Table A-3: Flashover voltages for 254 x 154 mm disc insulators
Number of Discs 1 Minute Dry FOV (k) 1 Minute Wet FOV l Impulse FOV ]
(kV) ; (kv)
1 80 50 | 150
2 155 90 255
3 215 als 130 355
4 270 | 170 ! 440 |
5 325 210 1 525
6 380 250 ' 610
7 435 290 695
8 485 330 780
9 535 370 860
10 585 410 945
11 635 450 1025
12 685 485 1105
13 730 520 1185
14 775 555 1265
15 820 590 1345
16 865 620 1425
17 910 650 | 1505
18 955 680 ‘ 1585
19 100 710 1665
20 1045 740 1745
vi. Minimum air clearance: 6.5 inch per 10 kV (rms) and factor of safety = 8 inch
vii. Maximum insulator string swing: 45°
) Siinping-Conditiont-270C. No-wind. Net
o Easiest Condition.-60°C. No WindNe-+
Xi. Minimum ground clearance = Hg = Z;T“ + 17 feet, V is L-L system-Voltage

(KV)
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v' Candidates are required to give their answers in their own words as far as practicable.
v Attempt Al 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 the following statements are true or false. [(1+3)*4]
_ a) Interconmected system dagreases SCMY.A of the cennected bus.
b) The effective way to increase corona inception 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 econemical and technical criterion to be considered 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. . [8]
. i) Cross arm length
ii) Insulator string length

iii) Horizontal 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 from a common reference. Also, éxplain the condition of virtual sag. - [0)
b) Explain the different types of insulator failure. ' (4]

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

transmission length is 200 km. (12}
span(m) | Dmax(m) | Hl(m) | H2(m) | H3(m) Ht(m) j
250 3.14 10.245 | 13.555 | 16.865 | 28.815 |
275 3.69 10.801 | 14111 |17.421 | 29371 ]
300 4.27 11.383 | 14.693 | 18.003 |29.953 |
325 |438 11.965 | 15298 | 18.608 | 30.558 J
350 5.50 12,548 | 15.923 | 19.233 |31.183

Where H1 height of lower conductor from ground '
H2 height &f middle conductor from ground .

H3 height of top conductor from ground

Ht total height of tower.

The power conductor has maximum working tension of 6890 kg and diameter of 25.97mm. The earth wirc
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 kg/m?.

b) What is Rufiﬁg span? Explain the surveying requirement for transmission and distribution line design.
[1+3]}




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. .

(8]

b) The consumer data for particular distribution transformer for a specified year is as shown as follows.

Table-1

Consumer class Class A Class B Class C i
Consumer Number 80 30 40

Monthly energy consumption 30 kwh ‘ 22 kwh 25 kwh

No. of effective days per month 30 24 26

Coincidence factor il 0.9 0.95

Power factor 0.9 0.8 0.85

Load pattern Table 2 Table 2 Table 2

Table-2
“Yime (hrs) | COS5.00 | 6.00:10.00 | 16:0C-14:06 | 14.00:13.05 | 16.00-23.60 | 21.00°24:00"
Class A 0.1 0.4 0.2 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 j

Determine the following.

For each class of consumer:

it peak load

it. Load factor (daily and annual)

ili.  Contribution factor

iv. ' Annual energy sell

For distribution transformer (Neglect LT losses)
i. . peakload

.- Load factor T

ili. < Annual'energy sells. @ -

¢) Explain the small area load'forecasiing with the help of load growth curve of small area.

%k % %

[10]

(4]




Appendix-A

length inkm | power in MW*!OOO}

L. Most economical voltage empirical formula:5.5 [{ > T D Ne oy
b COSP*IVCH

. 4 Standard voltage: 66kv, 132kv, 220kv, 400kv.
II.  Table-A-1: transmission line capability curve with assumption of single circuit transmission line

surge impedance of 4002
Length(km) " Multiplying factor(m.f.)
80 0 2.75 B
160 LB 2.25 —
240 [1.75
320 1.35
480 1.00
640 0.75
IV. Table-A-2: withstand voltage capability for different system voltages.

Waximum system 1 min dry withstand | | min wet withstand | Impulse withstand
voltage : (KV) (KV) (KV) o B
123 215 185 450
145 265 230 550 ‘J
255 435 395 900 |
420 760 680 1550 =

V.  Table-A-3: flashover voltages for 254X154 mm disc insulators.

No. of Discs T min dry FOV(KV) | 1 min wet FOV(KV) “Impulse FOV(KY) |
1 80 50 1150 |
2 155 90 255 ‘
3 215 130 ] |
4 270 170 440 e
5 325 210 , (525 K
6 380 250 l610
7 435 290 | 695 |
8 485 | 330 780

9 535 370 860 1
10 585 410 945

11 \ 635 450 1025 _____ﬁ
12 685 485 1105 ]
13 730 520 . 1185 ,_jl
14 775 555 1265 =
05 820 590 1345 —
16 865 620 1425 i

117 214 L 630 | 1505 -
18 955 - 680 1585 - 1
19 1000 716 1665

[20 1045 | 740 1745

Minimum Air clearance (a):
1t 1 ¢m for 1KV (maximum per phase peak) and factor of safety is 30 cm.
IL 6.5 inch per 10KV (maximum per phase rms) and factor of safety is 8 inch.
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State and justify whether the following statements are true of false.
s a) Horizontal conductor configuration is gencral choice for and above 400 kV
transmission line.
b) The current carrying capacity of conductor increases with increase in ambient
temperature.
¢) Corona is more dominating design criterion for LV Transmission lines.
d) Network distribution system is more reliable than Radial Distribution system.
2. a) Explain the effect of varying following parameter on conductor and insulator cost per
unit length of transmission line.
(i) Power to be transmitted and length of line
(i1) Voltage level
(iii)Number of circuit
b) Compute the various air clearances required for a 220 kV single circuit Transmission
line.
3. a) Explain the factors affecting the choice of BIL of a transmission line for insulator
discs selections.
N
b) To transmit the given amount of power to a given distance a single circuit with single

earth wire is chosen for which the following design steps are completed, compute the
most economical span if the transmission length is 200 kih. Assume 10% of Towers
have been used to take care of maximum angle deviation of 15° and rest are straight
line Towers.

Span | Dmax(m) | Hi(m) | H2(m) | H3(m) | Ht(m)
(m) i

250 {3.4 | 10.245 | 13.555 | 16.865 | 28.815 |
275 | 3.69 10.801 | 14.111 | 17.421 | 29.371
300 |4.27 11383 | 14.693 | 18.003 | 29.953
325 | 4.88 11.965 | 15.298 | 18.608 | 30.558
350 | 5.50 12.548 | 15.923 | 19.233 | 31.183

[4x4]

(8]

(8]

(6]




where,

H; height of lower conductor from ground
H, height of middle conductor from ground
Hs height of top conductor from ground

H; total height of tower

The power conductor has UTS of 8000 kg and diameter of 20 mm. The earth wire has
maximum working tension of 4000 kg and diameter of 16 mm.

Wind Force: 80 kg/m” and Factor of safety for Tension is 2. ‘ [10]

- a) Explain the dependency of energy loss computation in a transmission / distribution
line on the load factor with proper mathematical aid. (8]

b) Show that the percentage voltage Regulation in a Primary distribution feeder is
inversely proportional to the square of the line voltage. [8]
. a) Explain one of the small area forecasting method. [6]

b) A 11 kr /0.4 kv, 100 KVA distribution transfomer has 4 outgoing secondary

distribution lines of 1.5 km each. The conductor used has resistance of 1Q / km.
Determine the monthly energy loss in the lines 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% [10]

* kK




Appendix-A

I

L
T

Most economical voltage empirical formula:5.5 J{

length in km

power in MW*1000}

1.6

‘Standard voltage: 66kv, 132kv, 220kv, 400kv.
Table-A-1: transmission line capability curve with assumption of single circuit
transmission line surge impedance of 4002

+

cos@P*Nc*150

Length(km) Multiplying factor(m.f.)
80 2.75
160 2.25
240 1.758"
320 1.35
480 1.00
640 0.75
Table-A-2: withstand voltage capability for different system voltages.
Maximum system | 1 min diy 1 min wet Impulse withstand
voltage withstand (K'V) withstand (KV) (KV)
123 215 ' 185 450
145 265 230 550
| 255 435 395 900
420 760 680 1550
Table-A-3: flashover voltages for 254X 154 mm disc insulators.
No. of Discs 1 min dry . 1 min wet Impulse FOV(KV)
g FOV(KV) FOV(KV)
1 80 50 150
2 155 90 255
3 215 130 355
4 270 170 . 440
5 325 210 525
6 380 250 610
7 435 290 695 ]
8 485 330 780
9 535 370 860
10 585 410 945
11 635 450 1025
12 685 485 1105
13 730 520 1185
14 775 555 1265
15 820 590 1345
16 865 620 1425
17 910 650 1505
18 955 630 1585
19 1000 710 1665
20 1045 740 1745




Appendix B

Tavis A2 Alnoabalem C ¢ Steel Rain; {Bused on IS : 398 (1961) §
GConductor Blcctrical Properties Machanical Properties .
R (humnl &tl:: resist. 8t m MASI&! ductor duetor ] weight ult. ased ated
mer  ofAl 20°C carrying nm dis  ares 3Jawmi Al St streogh g:-‘f md:
mmt Dfioo patity_Ah “Steel mor  ment kg £, ot
. 4*C No, Diam. No, Diam. per eun
ambient *Cx [0 k:nz;.
S ' X 100
i 2 3 3 s € 7 8 9 10 1 12 13 4 15 6 . 1
5 104F 171800 - 6 1501 130 450 1237 43 29 14 407 1899 0.8
:&Lfm& 136 27 31400 s & 24111 211 633 2448 85 58 27 91;; }:: 2.3
©  GUPHER 15 2591 109800 133 : 21.2 : :.3; ;oy: zﬁ ;g: ’;21 z T e
12 0.91160 130 . 2, . 48 1 [
;Vx?fmﬂ 2 H.87 0.67950 8 6 300t 3.«; iv.u:; g.g ;’3 ;:;i 2: :;gz ::-;: ::;0:
RABBIT 0 SLA 084490 208 6 335 1 33 0. ' : S Jie
, 4 234 6 366 1 3.66 1098 765 255 173 B2 2T M .
ﬁéﬁs “:’ 9:: 2.3::153 — 12 27 7 A7 13195 11620 542 204 138 §l0: i;.g: ‘l;:)"h?
HEAVER 45 5407 0.38410 1 6 39 1 339 JL97 8733 303 205 98 22;516 )
KACCOON 48 7783 0.36560 210 & 409 1 409 1237 9197 318 2F 103 s 18‘99 o
CTTER St ELES  0.34340 2 6 421 422 xz.: 917[.;1’ 133; zz: m 3:1‘ e
s 121 8302 WS 6 430 1 450 1.8 1L 4 o.
) T e e 26 AR T LS 1416 180 394 2 106 0% 15 073
LEOPARD 8 1% 0.21930 37 6 528 7 176 1584 14840 493 360 133 «13 :x.” 0
COYOTE 80 13158 022140 B 2% 2M T 190 1586 151.60 521 1365 156 ;638 11.73 o-;n
TIGER 80  1%hi0  0.22210 32 30 236 7 236 1652 16130 604 363 241 158 et amn
WOLF 95 45230 0.18340 430 30 259 T 259 18.13 195.00 727 436 191 6880 .
LYNX 0 1T 015890 4735 30 239 7 L9 1938 22630 844 506 338 950 1773 0787
PANTHER 133  20°.00 (0.03750 50 30 300 7 300 200D 261.60 976 S86 390 9127 1173 0387
LION §4e 22250 8.12230 355 B . 318 7 3.18 226 293'90 1097 659 438 “’210 17.73 0.787
BEAR 160 25310 C.110X0 595 30 335 7 335 2345 32600 1209 734 485 1310 1373 0.387
GOAT i8¢ 150 0.08989 680 3¢ 3T 7 370 2597 40000 1492 896 396 13780 119 g
SHEEP 225 36600 0077 745- 30 399 T 399 2753 462.60 1725 1036 690 15900 1733 0589
KUNDAH 250 39240 007434 = 4 3350 T 134 2582 32480 1282 IKMD 162 9002 2147 0446
DEER 60 61930 005786 . 806 30 427 T 427 e S30 1977 1188 789 18230 1771 0987
ZEBRA 360 41550 0.06800 795 34 318 7 3E oc 8450 1623 1135 438 1346 1935 0.686
ELK 300 46570 0.06110 860 30 430 T 138 150 588.40 2196 1320 87 020 1173 08T
CAMEL 00 46250 0.06128 = 34335 7 335 30.45 53170 1804 1318 486 14750 1935 .68
MOOSE IS 515N 0.055i7 900 S8 353 7 353 3177 $97.00 2002 1463 530 10250 1983 0.68
MORKULLA 310 549.20  0.03%82 = 42 4137 230 368 SOL70 1790 156 235 1223 242 06
SPARROW 20 3316 Q35780 — 6 267 1 267 801 3972 135 92 43 1208 1899  O.50v—
Fox 22 3621 07570 165 6 279 1 279 837 4292 149 101 43 1313 1299 0409
GUINEA 49 7856 036200 = 12 2827 292 1460 12730 590 234 H6 6664 1530 107
LARK 125 19610 014510 - 3

292 7 292 2044 24:7.80 922 556 366 8659 1773 Q.787

NOW3(E WISAE $IM0E T o

Naie: (i) "The resistance (R} of the conduciar at any ofhet temperature (T} will be; -

R, = R, [1 + G0 {T ~ 20)] where R = resistanes at temperature ‘17

o D ] Pl & w 20°C given in the tables
L) émpm:ramxg & given for conductor wotking terperature 75°C




