SOLUTIONS MANUAL

core

concepts g
Modern Power
system Analysis
0P Kothari 11 Naguath



SOLUTIONS MANUAL TO ACCOMPANY

MODERN POWER
SYSTEM ANALYSIS

39 Edition

D P Kothari

Professor, Centre of Energy Studies
Deputy Director (Admin.)

Indian Institute of Technology

Delhi

I J Nagrath

Adjunct Professor, and Former Deputy Director,
Birla Institute of Technology and Science
Pilani

M

Tata McGraw-Hill Publishing Company Limited
NEW DELHI

McGraw-Hill Offices

New Delhi New York St Louis San Francisco Auckland Bogota Caracas
Kuala Lumpur Lisbon London Madrid MexicoCity Milan Montreal
SanJuan Santiago Singapore Sydney Tokyo Toronto



2 Modern Power System Analysis

SOLUTIONS
Chapter 2
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Assume uniform current density
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Solutions I 3
1

_ ul 1,4 ay_ 2,2 2y, 41,02
== (=) =1 (ry = 1) +r1" In =
Zﬂ_(rzz_rlz)z{‘l(Z 1) 1(2 1) 1 rl}

Uo =47 x 107 HIm g4 =1

1 x107~" r
Liy = —22 " [[rz“ —r) =42 (rf =r?)+ 4t In —ZH
(r2 -r7) N
Lo (1) =2 x 107 In b. Lo (2); assuming D >> r,
ry
Line inductance = 2 (L;; + Loy (1)) H/m.
2.2. 1
05cm= 0.75+0.25 05
2
Distance between - -
centre of core to 2x0.5sin 6=sin 6
centre of strand
Fig. S-2.2

Diameter of nonconducting core = 1.25 — 2 x (0.25) = 0.75 cm
Note: Core is nonconducting.

D,, =sin 15° = 0.259 cm D;3=sin30°=0.5cm
D,, =sin 45° = 0.707 cm D,5= sin 60° = 0.866 cm
Dg =sin 75° = 0.965 cm D;7=sin90°= 1.0 cm

Dy, =1’ = (0.25/2) x 0.7788 = 0.097 cm
D, = {(0.097 x 1) x (0.259)? x (0.5)? x (0.707)?
x (0.866)? x (0.965)%} Y12
=0.536 cm
Dh=1m
L =2 x 0461 log =29 = 2094 mH/km
0.536

X =314 x 2,094 x 10 = 0.658 Q/km
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2.3 H, = Il2ny
-1
2ny ;
di=1x dp= “ ay '
dy 1, R
P ALYy LR
2r 1y 2r r
_ MR
L=y Hm Fig. 5-2.3
2.4 Flux linkage of sheath loop due to cable current = 2 x 2 x 107" x 800 x
In 95%200 \yp, 7/m
. . _ 100
Voltage induced in sheath = 314 x 0.32 In e V/km
=260.3 V/km
0.5m i
75
2 Oy
Sheath
Fig. S-2.4
25 Hp= —1 1 __| (1—1):—'—AT/m2
27x3d 2zd 27xd\3 3zd
(direction upwards)
2.6 I X1
T
I X
X12
Loy,
v
Fig. S-2.6

V=X i+ ] Xp =] X+ ] X 1y
V V

=L+, 1=,
' 2 ' J (X = Xpp) 2 J (X = Xg2)



Solutions 5

|:1[ 1, 1 }: Y
j Xl_ X12 X2 - X12 J X
X = (X = Xpp) (X5 = %)

Xi+ X, —=2X5
2.7 a b t t
+1(O) O-1 O O
—25m — 20m t<—0.6 m—~]
Fig. S-2.7
_ 1 1
=2x 10 7(I In———1 In—)
A 225 20
=2 x 107 x 150 In-22
225

=-0.353 x 10° Wb-T/m

, =2x 107 x 150 (Ini—lni)
231 20.6

=—0.343 x 10 Wb-T/m
A =y — Ap = —0.01 x 10™° Wb-T/m
Mutual inductance = (0.01 x 107/150) x 10° x 10° mH/km
= 0.00067 mH/km
Induced voltage in telephone line = 314 x 0.01 x 10~ x 10°
= 0.0314 V/km
2.8 1, =400 £, |, = 400/-120°, |, = 400£120°
Using Eq. (2.40)
A, =2 x107'x 400 (In§+14—120°><ln2 +14120°InE) Wb-T/m
25 20 15
= 00176 x 10* £140° Wb-T/m

0.0176 x 1074 ~140°

400
=176 9400 mH/Km
400

Mutual inductance = x 10°

= 0.0044.£140° mH/km

Voltage induced in telephone line = 314 x 0.0176 x 10* x 10°£140°
= 0.5532140° V/km
29 Heed=15m, s=05m
Using method of GMD
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Dap =Dy = [d (d + §) (d — 9)d]*

= (15 x 155 x 145 x 154 = 15 m
D, =[2d (2d + ) (2d — ) 2d]¥*

= (30 x 305 x 295 x 30)Y4 = 30 m
Deg = (15 x 15 x 30)"° = 18.89 m
D, =(r s’ 9 = ( 92

= (0.7788 x 0.015 x 0.5)Y?

=0.0764 m
Inductive reactance/phase
X, =314 x 0461 x 107 log 1282
0.0764
=0.346 Q/km
2.10 X, =314 x 0.921 x 107 log 0%1 = 31.4/50
D =1.48 m (maximum permissible)
211
a
S
b"‘\ 17.4° :E
b C? b’
|<1.25 m—
b’ =N(4.19)2 + (7.5)2— 2 x 4.19 x 7.5 cos 107.4° I
=9.62m
O
Fig. S-2.11
In section 1 of transposition cycle
D,, = V119x9.62 = 6.35; D,, =V/4.19x9.62 = 6.35
D, = V7.5x8 = 7.746
De = ¥6.35x6.35x7.746 = 6.78
Dg, = v/0.01x10.97 = 0.3312 = D,
Dy, = v0.01x10 = 0.3162
s = 3¥/0.3312x0.3312x 0.3162 = 0.326 m
X = 0.314 x 0461 log 2’8 = 0191 Q/km/phase
0.326
2.12 ' =0.7788 x 15 x 1072 = 0.0117 m

D= YIx4x1x2 ; Dy, = YIx4x1x2 ; Dy = ¥2x1x2x5



Solutions

Dy, = 3/DDpcDen =91280 = 1.815 m
Dy, =Dy = Dy = +/0.0117x3 = 0.187

D, = 0.187 m
L = 0.461 log=8L2 = 0455 mH/kmiphase
0.187
2.13 1 2 3
I D1z I Da3 I
| D13 |
Fig. S-2.13
D,3 = 2D, = 2D,, = 2d
32dxdxd =3
Y2d=3 .. d=238m
2.14 Refer to Fig. 2.16 of the text book.
Case (i) 2m? = A
r=ARYY? .. r’=0.7788 (A2n)Y?
Self GM.D = J/r"d =/(0.7788) d (A/ 27)"2
= 0557 d'2 AY
Case (ii) 3m?=A - r=JA37
Self GMD = (r'dd)® =/(0.7788)3 (A/37)Y6 423
= 0633 d?3 AY®
Case (jii) Aam*=A .- r =/Al4x

Self GMD = {/r” dd 2¥2d

=109 {r’ d®

=1.09 (0.7788)Y4 (—) o4
4

= 0746 d¥* A8
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