4.1 Since the chafging current due to the capacitance of a short
line may be neglected,

IS = IR =1

Using I as the reference vector,

N IX)ZJI/Z

- . 2 . .
VS = [(VRLOS®R + IR)” + (VRSLn¢R +

V. sind_ + IX
therefore, ¢ = tan I R R

S VR cos(bR + IR

The phasor diagram is shown below, in Figure P2.12.

%

Figure P 2.12

4.2

Il

From Table A.3, Xa = 0.458 Q/mi/®, or Xa 0.458 (15 mi) =

6.87 Qfo.

From Table A. B, for 3 ft separation, X 0.1333 Q/mi/d, or X

d
= 1.9995 Q/d. Therefore,



X = Xa + X, =6.87 + 1.9995 = 8.87 Q/¢

L
Also, R
a

d
0.311 Q/mi/®, or Ra = 4.665 Q/¢

3
j=p
[~
7]
™~
il

4.665 + §8.87 Q/®

p 6
I = 3o - 10x10 = 185.942 A

J3 V. cos® 3 (34.5x10°)0.9

or I = 185.942/-25.84° 4

Therefore,

Vsee-ny = Vree-wy L
19,917/0° + (185.942/-25.84°)(4.665 + §8.87)

21,414 + j1103.9 = 21.442/2.95 kV

_ - . o ]
°f  Vg(p-p) T ¥3(21.442/2.95 + 307) = 37.149/32.95° kv

(b) coso

cos{@ - @ | = cos[2.95 - (-25.84)

S VS : IS

c0s28.74° = 0.876 lagging.

(c) The transmission efficiency is

n = Qutput o0 3 V(1) TR0 100
Input 5
J3 VS(L_L)ISCOS@S
\Y cos® (19.919)0.9
_ R(L-L)®°%%R _ -
i S(1-1)°9%0g 100 = iTaaz)0.8768 100 = 95.47
(d) Vel - Vgl 21.442 - 19.919
7ZVReg. = _—Tﬁ—— 100 = 19.9190 100 = 7.667%



Y
(]

(a)

From Table A.3, Xa 0.458 Q/mi/®, or

X, = 0.458 (15 mi)

i

6.87 Q/d
From Table A.8, for 3 ft separation,
Xd = 0.1333 Q/mi/®, or Xd = 1.9995 Q/&

Therefore,

X, =X + X =6.87 +1.9995 = 8.8695 Q/o
L a b

Also, R = 0.311 0/ni/®, or R_ = 4.665 0/&
Thus, Z, = 4.665 + j8.8695 0/®

6
I = 10x10 = 209.1849

J§(34.Sx103)0.8

or I, = 209.1849/-36.87° A

VS = VR + ILZL = 21,812.443 + jB898.8652

= 21,830.9557/2.36° v

- . o
or Vo(p-p) = J3(21,830.9557/g;§§_if§9 )
= 37,812.3856/32.36° V
(b) cos®_ = cos{@- - 0- ] = Cos[2.36° _ (‘36.870)]
S V I
S S
= 0.7746 lagging
_ 19,918.5843x0.8 )
(e) M = 317830.9557x0 7728 100 = 94.237
by Loty ‘
! N AN Y
(d) 7VReg = 1SN %3. EREF-L)| o0
'R(F-L)!

_ 21,830.9557-19,918.5843
19,918.5843

100 = 9.67



44 (a) I 209.1849/36.87° A

o
VS = VR + ILZL = 19,695.1012/6.03" V

or Vgp 1y =43 Vo(r-ny = 34,112.9159/6.03° + 30°
= 34,112.9159/36.03° v
{(b) cosd)S = cos[@vs - @iS]
= cos[6.03 - 36.87] = cos[-30.84] = 0.86 leading
(34.5x103)(0.8)
(e =37 T2 o150 » 0,86 = 94-23%
(d) 7ZVReg = 122695 - 18,918 o0 _ ) 150

19,918

Note that the voltage rise is due to the Ferranti Effect. The

circuit provides for the absorption of reactive power by the series:
impedance 12X, but does not provide for iﬁs supply by the shunt
admittance VZB which becomes moré important as the voltage is
incfeased, and therefore does not take into account the increase of
the receiving-end voltage on light load. For longer lines at higher
voltages, this voltage rise will be considerably greater. On the
other hand, quite a small load is sufficient to eliminate the
Ferranti Effect. Therefore, when a iong line is terminated in a
transformer, the magnitizing current is often enough to eliminate V

R

becoming greater than VS.



4.5 The load is connected to the secondary-side of the transformer
tnat is supplied by the feeder. Thus, the transformer is connected

to the receiving-end of the feeder. Since the load voltage is VL(LV)

= 2250 V or referred to the high-voltage (i.e., primary) side of the

transformer,

19,900

= 2250¢( 7. 400

VL(HV) ) = 18,656.25 V

with cos@L= 0.85 leading

_ 200 x 10>

thus, S, 0.85

= 235,294.12 VA

Therefore, the load current at the primary-side of the transformer is

_235,294.12 _
In(av) = T8 656,05 = 12-6121 A

The transformer impedance referred to the primary side of the

transformer 1is

2
= _ : . 19,900,.% .
ZT(HV) = (0.24+Jo,99)(———2,400) = 16.5 + j68.0642 Q
Thus, Zeq B Zfeeder +»Z’[‘(HV)

(95 + j340) + (16.5 + j68.0642)

111.5 + 3408.0642 = 423.0232/74.72° @

(a) Taking IL(HV) as reference,

Vs(L-ny = Ve(L-n) * IL(HV)Zeq

where V = 18,656.25/-31.79° v

R(ﬁ—N) = VL(av)



thus, = 18,656.25(0.85 - j0.5268)

Vs(L-N)
+ (12.6121/0°)(423.0232/74.72°
= 17,263.8345 - j4,681.5041

= 17,887.3269/-15.17° v

© ey = Yoamy I B
= 18,656.25/-31.79° + (12.6121/0°)(70:0356/76.37°)
= 16,065.9126 - j8,969.6801
= 18,400.2367/-29.17° v

(¢) pP. =

S PL + (Ploss in feeder and transformer)

200x103 t+ 17,735.75 = 217,735.75 W

2

where Ploss = IL(HV)Req

_ 2
% Tt T vyKeq
=-123,948.87 + 64,908.76 = - 59,040.11 vars

Alternatively,

s = V- to ()

(17,887.3269/-15.17)(12.6121/0°)

217,735.53 - j59,035.03 VA

Chgcks!



# _ R _ (15 + j12)x10°

GR (115 + jO)x10

4.6 (a)

= 167.04/38.66° A

thus, QS = VR + iRZL = (115+j0)x103+(167.04/-38.660)15/2g°

116,565.24 + j1,956.54 = 116,581.3/0.96° v

(b) I. =1

167.04/-38.66° 4

4.7 (a) Vs(L-n) = Vren-ny) T IR

39,837.2/0° +:(300/-30°)(44.94/57.7°)

52,150.17/6.9° v

i 1 t {
Vei=1Voi
' R _ 52,150.17 - 39,837.2 ~
ZVReg = v 100 = 55373 100 = 30.97
(b) A B 1 44.94/57.72°
C D 0 1

(c) The phasor diagram is shown below, in Figure P2,18.



Figure P2.18

300/-45°

E =S
oo
N
J+1]
~—
-~
it

212.1 - j212.1 A

|
j=e]

<}t
1}

<

+

M~

N
|

= 39,837.17 + (300/-45°)(44.94/57.7°)

52,989.58 + j2,968.85 = 53,072.6/3.2° V/a

S R 53,072.6 - 39,837.17
A = L9 1 By = 2 : =
7 Reg i 100 RTINS, 100 = 33.22%
(b)[a B 1z 1 44.94/57.7°
C D 0 1 0 1

(c) The phasor diagram is shown below, in Figure P2.19



3.2/° A
45° \4=39,837/7/0°

%:fg =7 = 300[‘4‘5‘0

Figure P2.19

4.9 (a) P 6
I = % . 12210 59 06 4

LA V, cose J3(138x10°)0. 85

I = 59.06(0.85-30.527) = 50.2044-331.1246 = 59.06/-31.8%

R=r.0 =4 x 40 = 160Q/0

X =%, - f = 2v60(14x1072)40 = 211.112 /o

a

™~
1}

R + JX, = 160 + j211.112 Q/o

138x10°/0°

v = —_—
R(L-N) e

= 79,674.3/0° v



_ . . )
Ys(-n) = Vr(n-ny t O Iglp = 94,445.54/3.4° V/e

! Vo= 3 = .
'VS(L-L)' J3 VS(L-N) 163,584.47 V

= 312R = 2160 =
(b) Pl as —‘?I R = 3(59.06)°160 = 1.67 MW

thus, PS = PR + PLOSS

=12+ 1.67 = 13.67 MW
°r P3 o(Loss) = P30(in)” P3e(out)

e Al 6
= J3 VS(L_L)ILCOS(@VS ©71) - 12 x 10

J3 (163,584.47)(59.06)cos(3.4° + 31.8°)

It

1.67 MW

P 6
(c) I. = 3¢ = 12x10 = 50.2044A

L 3 cos@R J3 (138x103) x 1.0

3 Vo)

- a2y 12 _
Pl new) = Pao(ross) = 3T R = 3(50.2044)°160 = 1.208 Mw

Reduction in Prloss = PL(old) ) PL(new)

= 1.67 - 1.208 = 0.462 MW

410 Z = 18 + jS57 = 59.7746/72.47° @

Vg Vgt Z
From Eq. (2.180), P == (=5
Z R

R,max - R)

where



3

34.5 x 10
\ = ———— = 19,918.6 V
R(L-N) A
39 x lO3
VS(L-N) = ————— = 22,516.6 V
J3
Thus,
_ 19,918.62 22,516.6 x 59.7746
R,max 2 ( - 18)
T 59.7746 19,918.6
= 5.504 MW

411 (a)  From Tables A.l and A. 8 ,

Z

L= [ra + j(xa + xd)JQ

]

{0.303 + j(0.497 + 0.1682)]45

I

32.8931/65.5° @

6
I, = —20x10 =71.72 A or I

R J3 (161x103)

o
R 71.72/-31.8" A

Yscwy = Vreuewy * L2

I

92.9534x10°/0° + (71.72/-31.8%)(32.8931/65. 5°)

94,915.83 + j1,309.27 = 94,924.86/0.8° v

[ | t (
lv |'IV t -
ZVReg = L1t B jqq _ 94,825 - 92,953 .0 _, 5,
N 92,953
ot i

(b)@ﬁ$s = cos(B- - @8- ) = cos(0.8O - (—31.80)) = 0.8426
VS IS

(c) If the line is 19,

VRICOSQR,

7\ = 5~ x 100

VRIcos¢R + 21I'R




92,953 x 71.72 x 0.85

= > 100
92,953 x 71.72 x 0.85 + 2 x 71.72° x 13.635
= 97.5727
(d) If the line is 30,
) J3 VRICOSCDR
N =— 5= 100
3 VRIcos¢R + 31I°R
L 3 953.4 x 71.7 ) g
_ J3 x 92,953 x 71.72 100‘—'—‘77.89/0

J3 % 92,953.4 x 71.72 x 0.85 + 3 x 71.722 x 13.635

4.12 z) = 0.7 + jl.2 Q/¢/mi

2, = (0.7 + §1.2)10 = 7 + j12 = 13.8924/59.7° Q/¢

71 x 10° :
Vg = =——— = 40,991.9 V

A

69 x 10°

Vg = = = 39,837.2 V
J3
VD, = 40,991.9 - 39,837.2 = 1154.73 = IZ
line _ 2q
15 x 10°
where T = ——=—%=" = 139.456 A
J3 (69 x 10°)0.9
WA
3 eq = 1154.73 _
Zeq I 139,456 8'?8 2
15 x 10°
PS = o8 " 15,306,122.5 W
2
P = 3I°R = 306,122.5 W

LCSS

N\‘.' NS



13

Therefore, the equivalent resistance of the two lines in parallel is

3I2R = 306,122.5
eq

306,122.5

eq = 5 =5.25Q
T3 x 139.456
Thus, X = (22 - RZHM2 = (8.282 - 5.255Y2 2 1 74 g
eq eq
Zoq = 525+ 31.74 = 5.5308/18.3° @
Since Z, = 7 + j12 Q and =o— = & 4+ L
1 Z z, "z
eq 1 2
Z, 2z
7 = L ___eq
272 -2
1 eq

where Z1 - Zeq = (7 + j12) - (5.25 + jl.74) = 1.75 + jlo.26

Therefore,

- (7 + 312)(5.25 + j1.74)  _ B - I
20T T 312) - (5.35 + j1.74) = 7-3766-30.2885 = 7.3923/-2.4

That is, R, = 7.366 @ and X, = 0.2885/-90° @

4.1 cosh¥{ - 1 cosh¥l - (coshz}/ﬁ. - sinh%{ﬂ)
I sinh¥? sinh¥

2

RE )

2 2
Lt vty L (I ddT TRELARLEY

e\éﬂ' + e_XQ' - ZE—YﬁeXQ

B ¥L YL
e

e

(U2 e—Xﬁ/z)z
B (exﬂlz ) e—XﬁVz)(eXﬂ/z . eJXﬁ/z)

RETEIENS 475 .
= e“b}f./z _ ~Xi73 = tanh EB/Q_

+



4.1 Left to the reader.

—

4.15 Considering the network

two-port elements,

as a series

connection of

A

fl

0.9433/17.3°
0.0471/31.8°

[0.9008 + j0.28

0.04 + j0.0248

[ew]
—
o
—
o
t—

et
o
st

j0.02 11{o
10.5226/64.1°

1.1338/;g;g°

4.6 + j9.464

1.116 + j0.2

14

single

js5

Alternatively, the network can be considered as the series connection

of a w-network (made up of Y,, Z

2 and Yz elements) with the elements

Zl and Z3.. Therefore, :
A B Bl” FAZ 52’
C D Dljwc2 D,
jh—r—l+ZY2
‘ L j| Y Y42y Y

2 1iL

The answer turns out to be the same.



-
a

G
I

N

4.17 (a) Y= /92 = [(95/78°)(0.001/90°)]

Thus

@]
|

o
I

...1—

A-1 _ (0.9008 + j0.28)
c 0.04 + j0.0248

6.3079/77.7° @

C=0.0471/31.8° s

_D-t _ (1.116 + j0.2) -

0.2971/109.5°

0.0471/31.8°

. 0.2312/59.9°

C 0.0471/31.8°

4.9087/28.1°

= a + jB = 0.03221 +

Il

cosh¥T

>
il

cosh(a + j

b

p—

0.03221 30.30651
(e c e

N

(1.033/17.56° + 0.968/

DN

O

.9539 + j0.0197 = 0.954
Z sinh¥l =z sinh(a +
c c

93.5258/78.14° @

= YC sinh¥l = Ei%bgg

ol

9.8448x10 %/90.14° s

A = 0.9541/1.18°

0.0471/31.8°

Y2 2 0. 3082/84°

50.30651
me =1 bt « ol g

-0.03221 -j0.30651
e e

+ )

-17.56°)

1/1.18°

iRl

‘15



Thus,

{A BJ 0.9541/1.18° 93.5258/78.14°

O

C D 9.8448x10 %/90.14°  0.9541/1.18

(b) Using the T representation,

Z
Lo Al 50 5903/66.72° 0
2 C 22a Ll
-4 o)
Y. = C = 9.8448x10 /90.14° 8
zZ.Y AN
Vg 1+ =L ZT(1+—T~I) Vp
2 4
Z.Y
- T T -
I . L+ —5 IRJ
0.9541/1.18° 93.5258/78.14° || 79,674.34/0°
9.8448x10 %/90.14°  0.9541/1.18° 241.18/-31.8°
Thus,
. ) o
Vs(p-ny = 93+303.697/11.05° v
- - B o
Vs(p-ry = 161,606.7438/41.05° v

(¢) I, = 201.5953/-11.09° A
(d) &g = 11.05° + 11.09° = 22.14°
(e) cosd. = 0.9263 lagging

S

(£) M =90.77

4.18 Using the w representation,

(a)| A B 0.9541/1.18° 93.5258/78.17°
C D| | 9.8448%x107%/90.14° 0.9541/1.18°



P =N

\&

(b) V = ©
(b) Vs(L-1) = 161,606.7438/41.05" v

(c) = 201.5953/-11.09° A

IS
(d) cosd)S = 0.9263 lagging

(e) 7] = 90.7%

Assuming a short line,

(a)[a B 1 95/78°
c ol |o 1

(b) V. =V_+ 1T

79,674.34/0° + (241.18/-31.8°)(95/78°) "

- _ o
VS(L—N) 97,001.0/9.84 \Y

) ) . o )
Vo(1,-r) = 168,010.6/30°+ 9.84° = 168,010.639.84° v

-‘_‘. :‘ = -— 0
(c¢) I I I 241.18/-31.8" A

(d) cosfbS = c0s(9.84° + 31.8°) = 0.7473 lagging

3
() 7= (138x10°)€0.85) _ |00 _ g5 4

"~ (168,010.6)(0.7473)

il

(a)fa B [1 95/78°

0 1

(b) = 168,010.6/39.84°% v

VS(L—L)

(c) I, = 241.18/-31.8° &

(d) costbS = 0.7473 lagging



&

r

| )

(e) ﬂ7= 93.47

3

z = 0.1858 + j120mw(2.6 x 10 °) = 0.9977/79.27° Q/mi

®y = 4.5239 x 107%/90° $/mi

vy = j120w(0.012 x 10
Thus,

Z =28 = (0.9977/79.27°)75 = 74.828/79.27°

<
It

vyl = (4.5239 x 107%/90°)75 = 339.29 x 107%/90° s

(a) Since the line has medium length,

A= 1+ X% = 987.53 x 107°/0.14°
vz?

B=27+ 0= 74.361/79.34°

C =Y =339.29 x 10 %/90°

D=A=987.53 x 10 3/0.14°

= -3 o o o
(b) | Vg 987.53x10 °/0.14° 74.361/79.34 79,674.34/0

L 339.29x107°/90°  987.53x1073/0.14°|| 209.18/-31.8°

- -3 on, . o o)

Vs(L-n) = (987.53x10 7/0.14 )(79,674.34/0 +(74.361/79.34°)

(209.18/-31.8°) = 87,624.628/7.65°

v = 151,770.3077/30° + 7.65° = 151,770.3077/37.65°

S(L-L) = T .32 =22
(e) I = (339.29x10 %/90°)(79,674.34/0°) + (987.53x10"2/0.14°)

(209.18/-31.8%)

193.7538/-24.82° &

(d) costy = cos(7.65° + 24.82°) = cos32.47° = 0.8437 lagging



2

>
[}

r

4.24

(e)

(f)

(g)

(h)

(1)

(3)

«'i .

PS = J3 VS(L_L)ISCOSQDs

J3 (151,770.3077)(193.7538)(0.8437) = 42,971.4 kW

R = J3 VR(L—L)IRCOS¢R

o
{

1

J3 (138 x 103)(209.18)(0.85) = 42,499 kW

Thus, =P, - P = 472.4 kW

Pross = Fs - By

P
q = x 100 = 98.97%
S

|

_ B87,624.628 - 79,674.34

%VReg 79,674 . 34

x 100 = 9.987

6

- (4339.29 x 10

8]
S(L-N) ) )(87,624.628/7.65°)

= 14.8651/97.64° A

VR(L-n) T Vs(r-n) "~ 2L

87,624.628/7.650—(74.828/79.270)(14.8651/97.650)

I

88,717.7469/7.52° v

Ve(L-L) = 153,663.6452/30° + 7.82 = 153,663.6452/37.52°
[ 87 [1 oll1 21 1 7z ]
LC bl Ly 1llo 1] |Y 1 +YZ]

(& 81 1 zif1r o] [1+vyz 2z

¢ pf o 1fly 1 Y 1

— = .

Consider the series combination of two networks, as shown
in Figure 2.43, the various voltages and currents being as

shown.



=
th

vV = AZVRL+ B,Ig

I= CVp * D,Ig

VR = AI(AZVR + BZIR) + BI(CZVR + DZIR)
= (A1A2 + BLCZ)VR + (AlBZ + B,D)I,

I, = C,V + D,I
= cl(szR + BZIR) + Dl(CZVR + D, 1)
= (ClAz + chz)vR + (CIBZ + DlDz)IR

Therefore, the equivalent A, B, C, D constants for two

networks connected in series are

A=AA +BlC "B AB7+ED

172 2 . 1 172

CIAZ + DlCZ D Cle + DlDZ

C

If the two networks are connected in parallel, as shown in

Figure 2.44,
Vs = AjVp * ByIpy = AV, + BT,
I.. =C.V. + DI

=
!
(@]
<
-4
)
-

o= Ys T MW
Rl B,
- Vs~ AV
R2 B
Ig = Igp * Iy,
Vg = ApVp + B (T - Ip,)
V. - AV
B Vs TRV
= AV + B (L )



(Cp + C Vg + D Ip, + D (Ip - L))

(D, - D)V, - A V)
(C, + v, + L 275 LR,

By

2%}
j=e]

Substituting for'\% and collecting terms,

D.) D.B, + D_B

(A, - 4,)(D, -
1 2 2 1 172 271
I. = [C, +C. + v, o+ (A2 1y
S 1 2 Bl + BZ R Bl + BZ R
therefore,
L ABy + A8
Bl + B2

!

Bl + BZ

A A D D
C = Cl + C2 + ( L B Zi(BZ 1)
1 2
DByt Dy
Bl + B2
222 From Example 2.8,

,  95/18° .
Z2=5) = 55— = 1.8269/78" Q/mi

¢  0.001/90° S .
Y =5y T Ty = 1.9231 x 10 7/90" S/mi
(a) ¥ = /32 = 5.927319 x 107/84°

6.19574 x 1074 + 55.894851 x 102

21



Thus, « = 6.19574 x 10 nepers/mi

B = 5.894851 x 10°° radians/mi

(b) 7\==§3-= 21 —5 = 1,065.8769 mi
5.894851 x 10

V' =Af = 1,065.8769 x 60 = 63,952.615 mi/s

. 49 x 10° o
(e) I = — — /-31.79° = 241.1779/-31.79° 4

J3 (138 x 10°)(0.85)
) , 12 .
Z = (%) = 308.2169/-6° @
c Yy —_—
V. + 1.2
y _ R Rc _ 19 410
Ve(incident) = —3 = 72,860.71/-18.21° v
V.- 1.2

o _ R Rc _ o

VR(reflected) = — 3 — = 25,063.13/65.32° v

- . - .- _ (o]
(d). VR(L-N) - VR(incident) * vR(reflected) = 79,674.33/0

VR(L-1) = J3 VR(L-n) = 138,000V
(o) ¥ _ R TR vt

S(incident) 2
where ¥ = 1.18546/84°
= 123.915 x 1077 + §1.17897
123.915 16'3+'1 17897
= _ _ . X ji.
VS(incident) = (72,860.71/-18.21)(e )
= 82,472.5/49.34° v
-3
- _ oy, -123.915x10 >-j1.17897)
VS(reflected) = (25,063.13/65.32°)(e

1t

22,142.2/-2.23° v



a
™~

SIL =

(a)

o
[
oo

(b)

429 (a)

S(L-N) ~ VS(incident) + vS(reflected)

97,787.4/39.12° v

Vo(i-) = szS(L_N) = 169,373 V

. From Prob. 2,37, Z, = 308.2169/-6° 0

= 1382

gagfifga = 61.7877 MW

Since the distributed reactance of the line has not

been

altered, ZC and SIL of the line are the same as in Example

2.17,
X (new) = 0.40X 114y = 0-40 x 117.6 = 47.04 Q/¢
2
VgR, (345 x 103)
Thus, P = S =
©omax X 47.04
= 2530.3 MW/30

2 x SIL = 2 x 416.5 = 833 MVA/3®¢/mi

= 0.60 x 117.6 = 70.56 Q/o

Therefore, I = N 1394 A
J3 (345 x 107)

VC = IXC = 1394 x 70.56 = 98,360.64 V

Since series connection builds up the voltage rating

parallel connection builds up the current rating,

and



Vc 98,360.64
No. of series capacitors = =

12,000 12,000
= 8.2 or 9/&
No. of parallel capacitors = %%2% = 111.5 or 112/0@

36.

Since each capacitor can stand for 12 kV and (150 kvar/12
kv) = 12.5 A. Therefore, the numbers of series- and
pérallel-connected capacitors are 9 and 112, respectively.
Thus, the tétal number of'capacito;s required is 9x112 =
1008 per phase or 3024 per three phase.

(b) Therefore,

il

Iactual 112(12.54) = 1400 A > 1304 A

actual 9(12 kV) = 108 kV > 98,360.64 V

Thus, QC = VI = (108 kv)(1400) = 151,200 kvar/¢

Cost of capacitor bank (151,200 kvar)($1.50/kvar)

$226,800/®

$680,400/3¢

1

430 (a) From Table2.6, y = 1.08 x 107%/89.7° s/mi
thus, b = ysin89.7° = (1.08x10 %)(1.0) = 1.08x10™" S/mi

Alternatively, the charging current is

i = by
C an
£ hich, b = Lo _21.6x43 _ 1.08 x 10°% s/mi
rom which, =¥ = 345.000 .
an
(b) Since Iio = IT’
f = & - 585 x 3 = 27.194 mi
o V5 -

s (345,000)(1.08 x 10 )



for cable ampacity of 585 A. Note that it is given as 27.1

mi in Table 2.6 .

1

:h.
w
[ty

=S

-]‘:10 = tanh ?20

[Nl

C

tan?ib = tanh[0.179/83.9°]

_ 0.179coss3.9°+jo.1795in83.9°+o.000956coszsl.7°+jo.ooo956sin251.7°

L +0.016c0s167.8° + j0.016sin167.8° + j0.00095651in251 . 7°

I

0.181/83.75°
Therefore,

i 345 x 10°/0°
I = [—;———————————J{o.181/83.750]
¥3 (61.2/-5.9)

590/89.65° A

-/

Note that it is given in Table 2.6 as

IPO = IT,= 585 A

-
w
™~

: VR2
PR = 7 cos(® - §) - —~ cos@

<
<

A
If @ = 90, sins € cos(90° - ) & sin(180 - &)
and cos® = Q.

Therefore,

sind

e



R,max X

o
- -

Since, S = VI and

= 3,,0
Ve ) Ve/@ - 115 x 107/0

(]
I}
<1
t

- 15/90°

Vo/-8 - 115 x 10°/0°

. g =
(VS/@)(

19.22 x 10%/38.66° 15/-90°

)

Ve/o v/e

and by multiplying both sides by 15/-90°

288 x 10%/-51.34° -0

Vs

+ 115 x 10°/0° = Vol -0

288 x 10%/51.3°+ o

Vo/e = 115 x 10°/0° + 5
S

By using the trial and error method,

Vo = 116,517/0.96° v

Alternatively, since R = 0, i.e., 2 =0+ jl5 Q there are

losses.,

S =P+ 3jQ =15+ jl2 = 19.2094/38.66° MVA

therefore, {S! = 19.2094 MVA

6
T - 19.2094 « ;0 = 167.038 A
115 x 10
I, = 167.038/-38.66° A

Using VR as the reference,

no



27

= 115 x 10° + (167.038/-38.66°)(15/90°)

116,581.64/0.96° A

V. -V
- q
(b) I, = =— R
Z
116,517/0.96° - 115/0° o
= = 164.78/-37.39° 4
15/90°

Alternatively,
55 = Vglg
o (15 + j12) x 106 )
I = : = 164.7719/37.7

116,581.64/0.96°

Therefore, is = 164.7719/-37.7° &

1/ 1/3

(a) D=( ,_ xD, xD ) 3 _ (le8xL8)

be ca -= 11,292 ft

ab

From Table 4.1, Xa = 0.422 Q/mi

From Table A. 8, Xd = 0.2941 Q/mi

Therefore, XL = Xa + Xd = 0.422 + 0.2941 = 0.7161 Q/mi

(b) From Table A.1, x'a = 0.0954 MQ - mi

From Table A.10, X'd 0.0718 MQ-mi

Thus, XC = X'a + X'd = 0.0954 + 0.0718 = 0.1672 MQ-mi

(c¢) From Table A.1, r = 0.0871 Q/mi. Therefore,

R=rx f =0.0871 x 100 = 8.71 Q



(d)

(b)

(e)

(d)

(e)

(£)

(g)

28

>3
HI

0.7161 x 100 = 71.61 Q

_0.1672 _ :
X, = S5p" = 1.672 ko

Y= Jyz=[(0.7688/77.4°)(4.5239 x 10'6/390)]1/2

77.4° + 99°

-6,1/2 2

(0.7688x4.5236x10 | ¢/

0.0019/83.7° = 0.0002 + j0.0019

Thus, a = 0.0002 nepers/mi and B = 0.0019 rad/mi

o] (o]
77.4°-90
_ (gilz . (_0.7688 i/z/ 2
¢ y 4.5239x10 °
= 412.24/-6.3° Q
3.2
_ (138 x 107)°
SIL = T L = 46.1964 MW
50 x 106 = o
I, = 5 = 209.4 A or I, = 209.4/-31.8% A

J3 x 138 x 10

- VR FIR%. o8 e
T2 & "=

VS(incident) -

(78,505.1/-19.8°)e0:0307 . 30.278

(78,505.1/-19.8°)(1.0312/15.9°)

80,954.5/-3.9° v

where (0.278 rad)(57.3%/rad) = 15.9°

v - VR B Ich e-aﬂ . e-jBﬂ,
S(reflected) 2 .

(27,282/77.50)(0.9698/-15.90)

26,458.1/6.6° V



)
W .
a

220 (a) " i Vp + L2,
R(incident) 2
79,674/0° + (209.18/-31.8°)(469.12/-5.37°
B 2
= 84,367.77/-20.59° v
vV, - 1.7
o . R Re _ o]
Ve(reflected) = — 3 —— = 29,684.15/88.65° v

(b) el _ ,30.3202

e = (0.3202 rad)(57.3%/rad) = 18.35°

- vR * ch aﬁ jBQ
—3 e e

VS(incidenﬁ) - T e
= (84,366.77/-20.59°)e’+ 9301 /15,350
= 86,946/-2.24° ¥
7 %R R ol -5pl
S(reflected) 2
= (29,684.15/88.65°ye 09301 /15,35

28,802.5/70.3° v

v = : v
(e) S(L-N) vS(incident) * VS(reflected)

= 99,458.1/13.8° v

Thus, = 172,266.

w
<3

Vsp-Lyt = Y3 Yoo

o

w

Q
—_
W
g

From Table A.3, DS = 0.0493 ft, therefore

b /2
DS = (DS x d)

172 = (0.0493x0.3048x12x0.0254)1 = 0.0677 m

1/3 3,1/3

= (25x25x50x0.30487) = 9.6006 m

Deq = (Py37Dy37Dyy)



D .
L =2x 10 1n % =2 x 107710 2898 _ 4 9509 y/m
D 0.0677
S
(b) Xy, = 2nfL. = 2760 x 0.9909 x 1078 « 103 = 0.3736 Q/km
X, =0.3736 x 1.609 = 0.6011 Q/mi
2
_ 345
(¢) ZB = Top~ = 1190.25 q
_ 0.3736 x 200 _
L7 1ie0.35 - 0-0628 pu

(d) From Table A.3, the outside diameter of the subconductor i

1.465 in, therefore its radius is

_ 1.465 x 0.3048
2 x 12

=0.0186 m

DSC = (ea)M? = (0.0186 x 12 x 0.0254)1/2 - 0.0753 m

Thus, the line-to-neutral capacitance of the line is

. 12 12
c - 55.63Dx 107t 55.639x6é2 a3 x 1072 g
In =9 In 570753
D
sC
12 3
(e) X =-—_ _ 10" x10 0.231 x 10° Q-km/o

¢ 2ufC_~ Zw60 x 11.473

« < 0.231x10°% = 0.14369 x 10° @ -mi/o
¢~ T1.609



