EE369, Final Exam, 2-5pm, Dec. 9, WRW102. Name: K E \/
Six equally-weighted problems. Three sheets of notes permitted. Show all work.

Problem 1. Draw the positive, negative, and zero-sequence one-line diagrams for the system shown. Use
69kV, 100MVA as the base in the transmission line. Generator, transformer, and motor impedances are

given in per unit on their own bases. %B - (63)%. 4716l s Vg= 4%
[oo_— !
Transformer Ik,——%—" | | Transformer /
,F (Delta-GY) [] L | (GY-GY)
- }¥KY X =0.05pu Transmission line X =005 T
T V= 18KV X VA X1=X2=10Q VA
Generator 18kV/69kV X0 =30Q 69kV/4.16kV 4MVMotor §
50MVA, 20kV 100 s D Zlpu 100 A, 4.16kV
Subtransient reactances 0'05( bD) : (0= —7(7[ 0{ P 005 ( 5"? Subtransient reactances
X1=X2=0.15pu =009 J;o:n—a(;onbzpw ={,000  X1=X2=0.10pu
X0=10.12pu X0 =0.08pu
Generator is connected delta connection
GY through 2 j0.3Q(Aciual Ohms) Xi=xz= 010(!22) aﬁ/u,)g 25
grounding reactor " 4 /L 4ilb) —
' 20 XOZO-OX(-{,Q): 2,00
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EE369, Final Exam, 2-5pm, Dec. 9, WRW102. Name: KE Y
Six equally-weighted problems. Three sheets of notes permitted. Show all work.

Problem 2. The positive-sequence one- lme diagram for a network is shown below. Fhe-ground-ties-at
. Prefault voltages are all 1.0pu.

/]?)TQ Bus }l%r\(? rd01 15 1 2 3
Z) =
075 BBus 1 . rmo__yg,q:, Bus 3 \brlﬁ (71(0'0447
' \1’ - ) Ty~
Tz, g ey (9004
< 3 73 =
JO:O”OF/ ‘
—L - ‘ I LP_______.)
B . A
a. Use the definition z k= -51—]— = 11 to fill in column 1 of the Z matrix.
—- ko Tk, =0,mek

‘Now, a solidly-groundgd three-phase fault occurs at bus 1. % | CA?Ck & 0 ,0? “ ( v}O, [L'-}- 01 ' D>

b. Compute the fault current

. =10 0417 (or)
c. Use the fault current and-Z matrix terms to compute the voltages at busses 2 and 3.
d. Find the magnitude of the current flowing in the line connecting busses 2 and 3.

/ b7
Pee. VZ/WLJ&Z( 016)
\0 IP VM = - - 00?34'
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EE369, Final Exam, 2-5pm, Dec. 9, WRW102. Name: KE Y
Six equally-weighted problems. Three sheets of notes permitted. Show all work.

Problem 3. Find the magnitude of the line-to-line voltages on the 12.47kV side of the transformer.

— -
—

Transformer _
(GY-GY) |
Z =0.05pu

Supply network

15kVA V(line-to-line) = 460V,
. 12.47kV/480V, three-phase P = 10kW,
ONR. LIV RT 3 XT ~ X/R=1 pf=0.90 lagging

z 2V Im
. j: 0,543 ()ofgq,g +V (/ +C) XT ;9 +Kﬁu$%ﬂ.~wk
5 % v o M IM)O—QC!/W“ m 420V side

r ;w/o,@v 2@__&.@_ 5,365

Wrwt X!M %——vaw Vo |-m\7€ ke,ea

Spod

Z =(0.09)(153) = 0. 16852

(\l

V=V,+Tu? = 3 @ﬁ (13 ‘?/Zzs.x)(o Véﬂéw)
— 2bb+1 OW‘&L = Zbb +l01l j352= 276352
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EE369, Final Exam, 2-5pm, Dec. 9, WRW102. Name: /Q)/
Six equally-weighted problems Three sheets of notes permitted. Show all work..

Problem 4. Consider the 69kVAgansrmsswn line shown below. The phases have single conductors.
a. Find the positive sequence R, L, and C per meter for the transmission line shown.
b. Convert the above values to series (R + jX), and shunt MV Ar, per km, using a base of 69kV, 100MVA.

Conductors have outer radius 1cm, and resistance 0.06 Q per km
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EE369, Final Exam, 2-5pm, Dec. 9, WRW102. Name: ‘K‘: \/
Six equally-weighted problems. Three sheets of notes permitted. Show all work.

Problem 5. Calculate the P and Q flows (in per unit) for the loadflow situation shown below.

0.05 +j0.15
P+jQ pu ohms
_ cq N
V =1.020 /0° —s =T W - ov+1010/10
j0.20 pu — \J/‘ Iz ==j0.20pu
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EE369, Final Exam, 2-5pm, Dec. 9, WRW102. Name: ‘< E Y
Six equally-weighted problems. Three sheets of notes permitted. Show all work.

Problem 6. A new 32MVA, 60Hz steam generator was recently installed at the UT power plant. The
generator is connected through a large reactor to ERCOT at the Harris 12kV bus.

The electrical diagram and internal voltage (for the transient condition) that exists when the generator is
producing (25MW + j12.4MVAr) is shown below. Suddenly, att=0, a three-phase fault with zero

impedance occurs at the Harris 12kV bus. Fhe-fault-is-successfully-remeved-in-6-oyetestof 66Hz)y—
Assuming that E’, Vi, and Ppech are constant, use-the-equal-area-eriterie pd-the-maximam-val

that--aehieves. Use the attached graph to show important P and & points and lines on the power curve,
and show clearly which areas are being set equal. de.(»pgm ine. qu, Cﬂl“h\(}rl CIW)RI@ -h‘ML(,‘N
C ydc;).

&

Harris 12kV Machine E’ = 1.100pu
10,40 bus Machine 6 = 16.5°
/‘#““““’"’"‘“‘“‘“‘“‘P Machine P = 25MW (i.e., 0.781pu)
iXth :

IiXe X Machine jX4” = j0.22pu

/
ENAAS Y m Machine H = 1.4seconds |
%Ewm.»p«dl”ww ool —~ Reactor jX; =j0.17pu

E’[8° Vth/0° | Thevenin jXth =j0.01pu
Thevenin Vi, = (1.0 + jO)pu —
Values given on the generator base

Remember that during the fault, the electrical power output is zero, and thus the rotor accelerates

a P, .. .
according to 5(f) = —S‘—‘—’”I_—Igﬂﬂ +8(1 =0). Also, note that @, = 377rad/sec, & is in radians in the

®
above formula, and P, is in pu. gC;af-k = CQS'\{(,‘H’ -2 So>$ JW ( §,> - 60564))]

S,=16.5%) 50 Sppip= €057\ (r-2(0,23 3) siw(l,s)— cos(l6, s“")]
=(), 233 end < ,ﬂ;: 1023° — 0,729 0,959

T = 1,303 ked 44 1,303 0,288
z 4 |
se §(+):W__,___,Zfﬂ:w£z+ So to get t = moﬁ (5cm7"‘§u)
A
£ =409 1,303 —0,273)
On CURVE, (377)2&72/)6 /

P _EVmw . ap. C£=D, 69T 56 = 1(.13cycles
max - "ﬁb—‘swﬁo - gqu : ———f\z D_\; 6@ H'Z
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EE369, Final Exam, 2-5pm, Dec. 9, WRW102. Name: K E \/
Six equally-weighted problems. Three sheets of notes permitted. Show all work.
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