CHAPTER 2
2.1 ()
i AR . 7560/-10° - 7200/0°
Si9 = Vl(———jg——) = (7560/107)( .
Z 50/-90
| o 1335.5/-79.4° .
= (7560/10)¢( —) = (7560/10 y(26.71/10.58°)
50/-90
- 201,927.6/20.58° = 189,016.3 % 371,046.5 VA
(a) Py, = 189,016.3 W
(b) Q9 = 71,046.5 vars

2.2 (a) From Eq. (2.7),

_ 1 vy 12 Rpty vt vy 11y lai

Py ;{i:;?(R,Vl, R,vl,,vz,cos% +-X.V1.,V2.51nX)

where

7z = 50/26° = 50(cos26° + jsin26°) = 44.94 + 521.92 /%

p = (k4 041756012 - 44.9417560117200i¢ 10°
12 = . 1 \ . 1 1t 1 COS

nh.94%+ 21.92
+ 21.92:7560:;7200:sin10°) = 146,658.6 W
(b) From Eq. (2.8),

Q,, ‘Tl“i(x'n"l"z AT B RIV, IV
R + X

- ———————————————(21.92:7560:2 _ 51.92117200}cos10°
7

- AA.9A;7560::7200:sin10° - - 138,790.8 vars




(c) 8., = Py * 3%y " 146,658.6 - j138,790.8 VA

Alternatively, from Eq. (2.4),

)

] AR . 7560/-10° - 7200/0°
§,, =V (== ) = (7560/107)( S )
Z 50/-26
- (7560/10°)(26.71/-53.4°) = 201,927.6/-43.4°
- 146,715.5 - j138,741.9 VA
2.3 (a) v _ VB(L-L)
B(L‘N) J§
y Vaen ey _ Ve
pu(L-L) Va(L-L) pu(L-N) VB(L-N)
v
However, V(L—N) = (L:L)
J3
v v =
therefore, V a(L-N) = SL'N) = V(L'L)/J3_
P B(L-N)  'B(L-L)/43
=V(L—L) =YV
VB(L-L) puﬂL-L)
(b) “ ) VAg(39)
B(16) © 3
However, VA3¢ = 3VA1¢
VAle VA4/3

therefore, VA = =
pu(10) = VAy(1qy  VAp(30)’>

= VALu(30)




2 2 2
B YC e L YC P A X L V(1!
B(Y) VAB(1¢) VAB(3¢)/3 VA B(30)

P
However, BZB(Y) = ZB(£9

=7
therefore, Zpu(Y) pu(A)

2.4 (a) For 1¢ system,

\ 1000(kVB) lOOO(kVB)

Z . = —-—B- = =
B I, I kVAB/kVB
therefore,

lOOO(kVB)2 1000(kVB)2 (kVB)2
Z = = =
B A kVAB lOOO(MVAB) MVAB

(b) Since kVAy = Ji(ka)IB(L)

kVAB

I = —
B(L) J§ kVB

Also, VB(L-L) =43 IB(L)ZB(3¢) from which
. _ VB(L-L)
B(3%) B
B(L)
or
, ) 1000{ka(L_L)] ) 1ooo[ka(L_L)]
B(30)

J3 IB(L) kVAB(3¢)/kVB(L_L)




2 2
10000k g1 1000(kV ey 1)
kVAB(Bcb) 1000[MVAB(3¢>)]
2
- (Vg1 1))
MVAp(30)
2.5 Ssince Vy(y ) = I3 Vg pony (1)
and I = 1 I
B(A/®) J3 B(Y/®) (2)
dividing Eq. (1) by Eq. (2) side by side,
Zpy = Z(Y)
2.6 In terms of line #1,
X \ X .
m(physical),Q _ m(physical) (1)

X =
pu(m)1 XB vB(l)/IB(Z)

Using the base current in line #2, since Iz’is the current that

induces mutual voltage into line #1,

I
= (Physical Xm)[GELZl] (2)

X
pu(m)2 B(1)

Multiplying right side of Eq. (2) by (VB(Z)/VB(Z))’

I Vv
- . B(2),, B(2)
Xpu(m)l = (Physical xm)[IB(l)][vB(Z)]
or
VA
X B

pu(m) = (Physical Xm) v

s(1)) Va2)!




since VAB = VAB(l) = VAB(2)

= VyyIn() = V() TB(2)

: MVAL
Therefore, X = (Physical X )
Pu(m) m [ka(l)][ka(Z),]

2.7 (a) 345 LV

D‘\';(ij; 34, 52
= )l - 222 =
(b) ZB(LV) VA 5o = 59 5/25 O

34SHE
24,647
>va~ 741502
() EW-M=7I{—=WMQQ
X 7./
8(Ly) heh
T R I
Rs + JXS RS - JXS

therefore, P + jQ




or

lvlz
= et (1)
R - jX

S S

Multiplying Eq. (1) by its conjugate,

4
[(RYA .
P2 + Q2 = —§¢!L~— from which
R™ + X
s s
byt 4
R- + X° = +—1+—=
s s PZ + QZ
From Eq.. (1),
wiZ  R_+x, VAR XD
R - jX_ R_+ jX R- + X
s s s s s s
2 2 .
=P +Q(RS+JXS)
2
V!
__l!lz_ ( )
R + jX = P+ 3Q
s s PZ + QZ
|Vl2
therefore, R_ = —5—*——3 (p)
PT+Q
lvlz
(b) Thus, X_= -5+ (Q)
s 2 2
P+ Q
v SB
(¢) Since Zpu = (thysical) — pu
pu(s) 2 P



2
SB(V )

c 1) pu
physical PZ + QZ

(d) Therefore, Xpu(s) = (Q

2.9 (a) Since the real power absorbed depends upon the applied

voltage,
2 2
v . vt
P = = from wh;ch RP =P
P
SB
Since Zpu = (thysical) ;E pu
' B
2
S \Y
B\, V 2 _ _pu
R = (57)(F)" = pu
P(pu) P Vg . Ppu
V2 V2
(b) Similarly Q = {— from which Xpu =q
p
S, v\ _ Vou
Therefore, X = (==)(5) = pu
P(pu) Q Vg qu
2.10 (a) Nominally 69 kV Circuits:
L Yhae) | 000 _ 4 gy
B(L) ~ 3kVp(p_y) 3x39.84
I
Tpco) = B(L) _ 41.8 _ 4.1 A
J3 J3
kV 39 8bx103
g = BLN) = 954 Q
B : 41.8

T(L)




N
= goz = 0-00105 S

o
Nrd
o

Nominally 13 kV Circuits:

5000 _
IoL) = 3x7.97 = 209 A
Tocoy = 209 _ 321 4
A
3
_7.97x10° _
z, = B30 - 382 9
v = =1 - 0.0262 S
B~ 3.2 O

Nominally 480 V Circuits:

13.8¢2:489y _ 0.502 kv

kVp(L-1) 13.2

KV - 0.502 KV _ 4 59p kv
B(L'N) Ji

I 5000

B(L) = 3x0.290 ~ >0 A

I = 3750 _ 3370 4
B(®) 53

- 290 :
Zy = 555 = 0-0504 @




Table P 2.10 Table for Problem 2.10
. Nominally Nominally Nominally
Quantity | gory circuits 13kV Circuits 480V Circuits
kVA 5,000 kVA 5,000 kVA 5,000 kVA
B(3%) .. ) :
ka(L—L) 69 kV 13.8 kV 0,502 kv
kVB(L~N) 39.84 kV 7.97 kV 0.290 kV
| Ta(L) 41.8 A 209 A . - 5760 A
IB(¢) 24,1 A 121 A 3320 A
ZB 954 Q 38.2 Q 0.0504 @
YB 0.00105 S 0.0262 S 19.83 S

(b) Transformer Tl:

Rating = 15,000 kVA = 122000 = 3 py

5,000
ZT = 0.01 + j0.08 pu based on its ratings
1
5,000,,13.8 2

= (0.01 + j°°°8)(15,000)(13.8) = 0.0033 + j0.0267 pu

Transformer T2:

o = - 1,500
Rating = 1,500 kVA = 5.000 - 0.3 pu
ZT = 0.01 + jO.05 pu based on its ratings
2
’ 2

. 5,000,,13.2
(0.01 + 30-05)(TT§66)(I§T§)

0.0305 + j0.1525 pu

Generator Glz

Rating:/o/lz_SHW/MVA -12,500 =25 pu

5,000




10

2

5,000,,13.8
12,500)(13.8)

2, = jl.1( = j0.44 pu
1

Generator GZ:

5,000 _

5.000 -

Rating = 4/5 MW/MVA =

2
7. = 30.0(2209yd3:2y" - 50,8235 pu

G2 5,000""13.8
Load 1:
. _ 8,000 . 6,000 _ .
8,000 + j6,000 kW/kvar = 5000 + 3 5000 ~ 1.6 +.j1.2 pu
Load 5:
I, = |I,1(cos® + jsin®) = 52.3(0.707 + 30.707)

37 20537 = 0.177 + 30.177 pu

]

Since it is not being solved for the circuit, assume that V5
1.0 pu

69 kV Circuit:

R + jX = 50(0.445 + j0.976) Q

Z =

= 557 [50(0.445 + j0.976)) = 0.0222 + j0.0512 pu
B_1 -6 = 25 x 5.78 x 10° S
5 =5(50)(5.78 x 107 S)] = £ 2

0.00105 S

0.1378 pu
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13 kV Circuit:

7 = R + jX = 2(0.8 + j0.8) -

© @ ©

0.0222 —-}-7"0.051.2 PU

a,ooga+j0.0.267,ou
7;' ! TLZ23 |
'l:jDJBngpu ' 'l‘j0437%PU
kVﬂmﬁv:ZfFM R . - .
AWfﬂil/}y =2 /’JU - B
0.0305 +7 01525 pu
, [ ocad 5
r0.8235 pu 0;/77-{-""0./77 L
J P 7L 14 7> / £
kVA ro /'r;"? = 1.0 FY LO&’O/I @ @
W retivg = 0.8 pu 1.6 4712
2.11 (a) S - =200 + j 200 = 0.5 + jO0.2 pu

load,pu 1000 1000

where Ppu = 0.5 pu and qu = 0.2 pu

=—RE=———=
Therefore, Rpu P 05 2pu
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X = = ——— =5 pu
pu qu 0.2
vE .5 - P 2
(v) R =2 B L0 (10000390 _ } 7241 pu.
P P + Q 500“ + 200 _
v . S+ 0 1.02(1000)500
X =P 5 >~ = 0.6896 pu
pu P +Q 500 + 200




