Module T1

Solution to problem 1
Two ways to work it.

1. Find Poa and Poq then Flos :|qu - qu| where Poa = ~Fop

2
P, =3l R
2. Find "% andthen ' |pq|
We willdo#. —v /0 o_ o
|- 2L Vo 20, _10°  8351460°-65.0620° _ 0 7 o
R+ jX 30+ j150
Poss = 3(45)*(30)=0.183MW = 0.61x3MW
41 P,, = 2.666
P,, =2.605
Poss/4 = 0.061
qu’qu
P.Q —
YTV
® /‘\lep \ @

Solugjon ol prgbdeld 2-9, )= (63.51x10°)- (65.06x10°)-[0.0067]- [0.10472]

— 2.885MW
Qo =Vy|- B[V, |~ Va)= (63.51x10°)-[0.0067]. [63.51.- 65.06]x 10"
— _0.6566MVAR

B
Q=[S = —~(63.51x10° - (0.0001) = ~0.4034MVAR
50, @ = Qua +Q., = ~0.6566 —0.4034 = ~1.0BMVAR

= P =3x2.885 =8.655MW, Q=3x1.06 =-3.18MVAR




Solutio%tg [J;éo:blerrﬂB

— =1.98-j19.80
+ JX

(@) Py s G ~ViVeG cos(g, — 4, )+V,V,Bsin(g, — 4, )
_1.152(1.98) — (1.15)(0.95)(1.98) cos(10°) + (1.15(0.95)(19.80) sin(10°)

=4.2445
So real power into line = 100(4.245) = 424.5 MW

P.pq:_qu:—[\/qu ~V,V,Gcos(¢, — ¢,) +V.V,Bsin(¢, — ¢,)]
_—[.95%(1.98) — (0.95)(1.15)(1.98) cos(—10°) + (1.15)(0.95)(19.8) sin(—10°)]

= 4.0996
So real power out of the line = 100(4.0996) =409.96 MW

(b) Ploss = Ppg-P'pq=424.5-409.96= 14.49 MW
() E ::(BL&B:/ ROHOE14.49MW)(1000kW/MW) = $434.70 / hr

@ B 4245 966090

Solution to problem 6

3 3
_ 3(65.06><1C; 5)(()63.51><1o )i (6.0°— 0°) = 8.638x10°W

3)2 3 3
3(65.06x10°)?  3(65.06x10° |63.51x10 )cos(6.0°—0°)= 5 35x10°Var
150 150




P

B 3(65.06><103)(63.51x103)( 6,-6,)
P 150 © " Where %92 are in radians and Qpqg will be the

same . This assumption will be made iff G=0 and R=0.
V. -V, °_ °)10°
_ Vs —V, _(65.066.0°-63.51,0°)10° _ 45.1366./1.36°

| = =
(2) Z 30+ j150

= 3)1|*R = 345.14|°30 = 183386 W

Ioss

(3) qu pg ~ 'loss

Solution to problem 7
(@ Transmission Line §P“1 :1)(+ 12{ ng@e}‘{

pu2 — p.u.l

Vies, j Fﬁlflsfs +i2)

Sbasel
=0.591+ j1.18
V2 3 Y
ZQ =300+ jSOQ: Zp.uA _ ZQ : Zbase o bese _ (138><106)
Load z base Sbase 10x10
= Z e =19.0440 = 7 _ 3004550 15755, j2.625
19044 —
V, = 130 4042
Load voltage : 138 =——
V2 942)? _
Stoaa == 0942 4 054, j0.0091=> Q, =0.0091
Z:., 15.753-j2.625 Rt
(b) oa
| = Yioas _ 0.94220°  _ o582 j0.0097 = 0.059.2 — 9.46°
Za 15.753+ j2.625

© V, =V, +1-(Z,,.)=0.942+(0.0582 - j0.0097)-(0.591+ j1.18)

=0.9897 + j0.0629 = 0.9898./3.64°
E, =V, +1-(jX,)=0.9878+ j0.0629+(0.0582— j0.0097)-(j0.2)
=0.9897 + j0.0745 = 0.9925./4.30°
1 1

G-jB===—~=0.3393- j0.6775
n Z 0591+ j1.18



Py =VZG-V,V,G-cos(A0)+V V, B sin(A0)
=(0.9898) - (0.3393)—(0.9898)-(0.942)-(0.3393)- cos(3.64°)
+(0.9898)-(0.942)-(0.6775)sin(3.64°)
=0.3324-0.3157 +0.0401
=0.0568

Q,q =V7ZB-V,V,B-cos(A8)-V V,Gsin(A0)
=(0.9898)" -(0.6775)—(0.9898)-(0.942)-(0.6775)- cos(3.64°)
—(0.9898)-(0.942)-(0.3393)sin(3.64°)
= 0.66375-0.63042+0.0201
=0.0132

(e) Lower, bezcaus?d)859e)rf |§)|2t 5n48 also include line losses

check :
V,E
P = ———sind = (0.98%). (0 9925)sm(4 3-3.64)=0.0566
0 X, 0.2 —
V,E 2 : ’
ot =~ €085 Ve (0'9898()) (0.9925) cos(4.3—3.64)—M =0.0130

S S

(9) They should be the same since the power coming out of generator is same as power going into
transmission line.

(h) This model does not include charging capacitance.

Solution to problem 8

Converting angles to radians, we have:

(@)

P13 = |V1| [V3| B(81-63) = (1.0) (0.98) (10) (0-(-0.3489)) = 3.419 pu
Qi3= |V4| B([V1]-|V3]) = (1.0) (10) (1.0-0.98) = 0.2 pu

(b)

P12 = [V [V2| B(61-6,) = (1.0) (0.96) (5) (0-(-0.1744)) = 0.84 pu
Qu2= [V1| B([V1-|V2]) = (1.0) (5) (1.0-0.96) = 0.2pu

(C) P1=Pi3+ P1,=3.419 + 0.84 = 4.27

Solution to problem 9

(a) False
(b) False
(c) False
(d) False
(e) False
(f) True



