
""d;.::"iJ;"J':.ot;^;;;;;;;J;;;;;;;';'.*'.":111'j:3:rsrheirchief disad,antage is ,rr",',rr. fuse or the fuse iink must !:e manr,.a.ii;" replacecl

after it melts. They "r.;;ri*ily 
one-shot devices that are, lor e;"a-n:ple, inca-

pable of high-sPeed reclosing'

PROBLEMS

-.<'

7.1

sEcTlohl 7.1

In the circuit of Figure 7'1, V = 220 volts'^L.:3 mH' i:0'5 Q' a'ld a:2n60

rad/s.Determine(a)tt't'*'symmetricalfaultcurrent;(b)therm-sersymmetrical
faulr current at the instant the switch closes, assuminF -u*111:,* gt:i:(t) the rms

asymmetrical rurtt .urrrnt i'.v.r.r-"rr.r the switch closes, assuming maxirnum dc off-

set; (d) the dc offset u, u'r,rn.iion of time if the switch closes when the instantaneous

source voltage is 244 volts'

Repeat Example 7.1 withV :4 kV' X = 3 O' and R = I Cl'

In the circuit of Figure 7'1, let R:0'125 O' L: l0 mH' and the source vottage is

e(t):15lsin(377ttt)V'Determinethecurrentresponseafterclosingtheswitchfor
the following cases: (a) no at off"t; (b) maximum dc offset' Sketch the current wave-

i;; rp to t o.to s corresponding to case (a) and (b)'

sEcTtoN 7.2

A1500-MVA20-kV,60-Hzthree-phasegeneratorisconnectedthroughat500-MVA
20-kv a/500-r.v v transrorme. to u soo-[v circuit breaker and a 500-kv transmission

line. The senerator ,..;;;;; i'; = o'tt ' Xi = 0'30'-and 11 : 'lt-ltt 
tll'1111

its time constants r.. i;IO'Oi, Ti: l'0'and-Ta =010 s' The transformer senes

reactance is 0.10 per #'; t'un''fo""er losses and exciting current are neglected' A

three_phase short-circuii o".u.. on the line side of the circuit breaker when the gener-

ator is operat.O ut'uttO-tt"inal voltage and at no-load' The breaker interrupts the

fault 3 cycles after taJt 
-i"".pii.r. 

Delermine (a) the subtransient current through

the breaker in per_unit;;J;iA ;s; and (b) the'rms asymmetricar faurt current the

breaker interrupts, ",t';;;';;;imum 
a"-offset' Neglect the effect of the transformer

on the time constants'

7.7

7.3

7.4

For Problem 7.4, determine (a) the instantaneous tvTtlltl:illT';:T::l::i* i:tsor rroDlem /.4, uEruruurrv \e, "^' -"----- 
uming maximum dc offset occurs in

ph"r. o of the generator 1..a.t1nctio1 ,"ll'11^"tilat .rrrrenr in kA as a fi,rction of庶猛∴1露露:Ittr131‖雌LIL」蔦:乱 rК・ h臥
おammbn J

I鳥llilLn icurtt any b“ gcncratOr phaSe

7.6 A 300-MvA, l3'8-kV, three-phase' 60-Hz'.Y-conTt:ly::':::""":r:"::i:::iI::-
i,ill-[ll;o#l,l;."il;;;:]t:r:-l{'j:"ylTi'i#lii;tll;}i"I1*Tl;justed to proouce ralco vurr46E :" ""-.. :,_::;- al transient
fi;1;1f terminals at t:0]After analyzing the raw data' the svmmeinci

current is obtained as

r."(t) : 104(l + e-t/'r + 6e-tlt') A



350 CHAPTER 7 SYMMETRICAL FAULTS

where .l :200 ms and 12: 15 Ins. (a) Sketch iu"(t) as a function of time for

0 < t < 500 rns. (b) Determine Xa" and X7 in per-unit based on the machine ratings.

sEcTtoN 7.3

Recalculate tlre subtransient current through the breaker in Problem 7.4 if the genera-

tor is initially delivering rated MVA at 0.80 p.f. lagging and at rated terminal voltage.

Solve Example 7.4, parts (a) and (c) without using the superposition principle. First

calculatc the internal nrachine voltages E'n' and Ei, using the prefault load current.

Then determine thc subtransient fault, generator. and motor curreuts directly from

Figure 7.4(a). Compare your answers rvith those o[Example 7.3.

Equipmcnt ratings for the four-bus power system shown in Figure 7.12 are as follows:

Generator Gl: 500 MVA, 13.8 kV, X" :0.20 per unit

Generator G2: 750 MVA, I8 kV, X":0.18 per unit

Cenerator G3: 1000 MVA, 20 kV, X" : 0.17 per unit

Transformer Tl: 500 MVA, 13.8 A/500 Y kV, X = 0.12 per unit

Transformcr T2: 750 MVA, l8 A/500 Y kV, X = 0.10 per unit

Transformer T3: 1000 MVA, 20 A/500 Y kV, X = 0.10 per unit

Each 500-kV line: Xr : 50 O

A three-phase short circuit occurs at bus l, where the prefault voltage is 525 kV.

Prcfault load current is neglected. Draw the positive-sequence reactance diagram in

per-unil on a I000-MVA, 20-kV base in the zone of generator G3. Determine (a) the

Thdvenin reactance in per-unit at the fault, (b) the subtransient lault current in per-

unit and in kA rms, and (c) contributions to the fault current from generator Gl and

from line l-2.

Tl ①

軌 蔦
△̈

7.lO For the power system given in Problem 7.9, a three-phase short circuit occurs at bus 2,

where the prelault voltage is 525 kV. Prefault load current is neglected. Determine the

(a) Th6venin equivalent at the fault, (b) subtransient fault current in per-unit and in

kA rms, and (c) contributions to thc fault frorr lines l-2,2-3,an'J2-4.

FIGURE 7.:2
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7.1 I Equipment ratings for the five-bus power system shown in Figure 7.13 are as follows:

Generator Cl: 50 MVA, 12 kV, X" :0.2 per unit

Generator G2: 100 MVA, 15 kV, X" : 0.2 per unit

Transformer Tl: 50 MVA, l0 kV Y/138 kV Y, X :0.10 per unit

Transformer T2: 100 MVA, 15 kV A/138 kV Y, X : 0.10 per unit

Each 138-kV line: Xr :40 O
A three-phase short circuit occurs at bus 5, where the prefault voltage is 15 kV. Pre-
fault load current is neglected. (a) Draw the positive-sequence reactance diagram in
per-unit on a 100-MVA, l5-kv base in the zone of generator G2. Detern:ine: (b) the

Th6venin equivalent at the fault, (c) the subtransient fault current in per-unit and in
kA rms, and (d) contributions to the fault from generator G2 and from transformer
T2.

F:GURE 7.:3 Gl

Problems 7.11,7.17

F:GURE 7.14   1l kv

Problem 7 13  20 MVA 15%
1l kV

10 MVA10%

Y―
¥Y

γ

… △ Y
7.12 For the power system given in Problem 7.1 l, a three-phase short circuit occurs at bus

4, where the prefault voltage is 138 kV. Prefault load current is neglected. Determine
(a) the Th6venin equivalent at the fault, (b) the subtransient fault current in per-urtit

and in kA rms, and (c) contributions to the fault from transformer T2 and from line

3-4.

7.13 In the system shown in Figure 7.14, a three-phase short circuit occurs at point F.

Assume that prefault currents are zero and that the generators are operaiing at rated

voltage. Determine the fault current.

G2

１
１

ョ

■

１

１

１

■

■

１
１

磁

「

一
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1導
電竃 粗ヽt譜乱蹴胤鍵翻:榊 違罐I鳳鮮駐at its rated voitage,dctermillc the subtrar

7.:4

FICURE 7.:5 bus 1

SECT10N 7.4

7.:S  The bus ilnpedance nlatrix ror a threc‐
bus pO、ver systcm is

…麟厖
０４

０６

０８

per unit

25 MVA
13 8 kV      13 2/69 kV
15°/.     11%

wherc subtransient reactances were used to compute z6ur. prefault vortage is r.0 perunit and prefault current is,negrected. (a) Draw ihe bus impedance ,utri"* .quiuurrrt
circuit (rake equivalent). Identify the per-unit serf- and mutuar impedances as *.ll
a-s the prefault voltage in the circuit. (b) A three-phase short circuit occurs at bus 2.I)etermine the subtransient fault current and the voltages at buses r,2, and 3 during
the fault.

7.15 Detennine Y6u. in pcr-unit lor the circuit in problem
Zbur.

7.17 Determine Ys* in per-unit for the circuit in problem 7.1l.
Zbu".

・B灘
拝静凝漂選鸞勇ili揺l革hr縦I讃忠朧器rЪ鮮

FiCURE 7.:6

Problem 7.18

bus 2

69/13.2 kV

ll%

15 MVA
13 kV

15%

Then invert Y6u, to obtain

Then invert Ybus to obtain

‐
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酬
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１
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”＝
＝■
■
晰
割
洲
靭
劇
締
紺
撒
騨
幽
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鵬
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鵬
剛
副
鵬
酬
囲酬
Ⅲ



F:GURE 7.17

7.lg For the rletwork shou'n itt Figurc 7'17, iittlreilauct's labeled I thrr'':gir r: are in pur-rtrtit'

(a) Determine Y6ur. Preserve all buses. (b) Using MATLAII or a siririiar cornptrtcr

program, invert Ys,, to obtain Zbur.

ノ02
(5)

④
Problem 7 19

E 7.zo

7.22

ノ0125
(6)

ノ125
(4)

Reference

PowerWorld Simulator case Problem 7-20 models the systeru shcvvn in Figure 7'12

with all data on a 1000-MVA base. Using Powerworld Sinrulatcr. ietermine the cur-

rent supplied by each generator and the per-uDit bus voltage magni'.udes at each bus

for a fault at bus 2.

日
日

7,21 Repeat Problem 7.20, except place the lault at bus 4'

Repeat Problem7.20, except place the fault miclway between buses 2 and 4. Deter-

mining the values for line taults requires that lhe line be split, with a lictitious bus

addeiat the point of lhe fault. The original linc's impedance is then allocated to the

two new linei based on the fault location, 5070 each for this problem. Fault calcu-

lations are then the same as for a bus fault. This is done autontaticaily in Powerworld

Simulator by first right-clicking on a line, and then selecting "Fault..". The [rault

dialog appears as beflre,.*."pi,ro* the fault type.is changed to "In-Line Fuult-" Sct

ttre to"caiion percentage field to 50'7u to model a fault midway bets'ee;r buses 2 and 4'

One technique for limiting fault current is to place reactance in series with the gen-

erators. Such reactance cair be modeled in Simulator by increasing the value of tlre

generator's positivc sequence internal impedance. For the Proble.:n 7-20 case, how

tuch per-rnit reactance must be adcletl to Gl to limit its maxi:nr:m lauh current ttr

I.5 pei unit? Where is the location of the most severe bus fault?

Using Powerworltl Simulator case Example 6-13, detennine the per-unit current aud

actual current in amps supplied by each of the generators for a ia'"rlt at the LAUF69

bus. Durirg the fault, whai percentage of thc system buses have voltage rnagnitudes

below 0.75 per unit?

Repeat Problem 7.24, excepl place the lault at the AMANS69 bus'

Redo Example 7.5, except first open the generator at bus 3'

E 7.23

@ 7.24

@ 7.zs

@ 7.26

SECT10N 7.5

7.27  A three‐phase circuit brcakcr has a 15 5-kV rated maxiinum Vcltagc, 90‐
kA rated

short― circuit current,and a 267-rated v01tage raligeね ctor(a)Dctennine the synl‐

ノ025  1 1 ノ91
0  - 0―ヽ′ ②
ノ125
(1)
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mctrical interrupting capability at l0-kV and 5-kV operating voltages. (b) Can this

breaker be salely installed at a three-phase bus where the symmetrical fault current is

10 kA, the operating voltage is 13.8 kV, and the (XiR) ratio is 12?

7.28 A 500-kV thrce-phase transmission line has a 2.2-l:*A continuous current rating and

a 2.5-kA maximunr short-time overload rating, with a 525-kV maximum operating

voltage. Maximum symmetrical lault current on the line is 30 kA. Select a circuit

breaker for this line from Tabte 7.10.

7.29 A 69-kV circuit brcaker has a voltage range factor K:1.21, a continuous current

rating of 1200 A, and a rated short-circuit current ol 19,000 A at the maximum rated

voltage of 72.5 kV. Determine the maximum symmetrical interrupting capability of
the breaker. Also, explain its significance at lower operating voltages.

7.30 As shown in Figure 7.18, a 25-MVA. l-3.8-kv,60-Hz synchronous generator with

X.l" = 0.15 per unit is connected through a transformer to a bus that supplies four

identical motors. The rating of the three-phase translormer is 25 MVA, 13.8/6.9 kV,
with a leakage reactance of 0.1 per unit. Each motor has a subtransient reactance

Xa" :0.2 per unit on a base of 5 MVA and 6.9 kV. A three-phase fault occurs at

point P, when the bus voltage at the motors is 6.9 kV. Determine: (a) the subtransient

fault current, (b) the subtransient current through breaker A, (c) the symmetrical
short-circuit interrupting current (as defined for circuit breaker applications) in the

fault and irr brcaker A.

F:GURE 7.18

Problcm 7 30

CASE STり DY QUEST10NS

Why arc ardng(bghimpcdance)faults more dimcult to dctcct than lowimpedancc

raults?

VVhat methods are available to prcvent the destructivc efFccts of arcing raults from

occurrlng?

DES:GN PRO』 ECT 4(CONTINUED):
POWER FLOW′ SHORT CIRCU:TS

Additional tirne given:3 weeks

Additional tilne required: 10 hours

This is a continuation of Dcsign ProicCt 4.Assignments l and 2 are g市 en in

Chaptcr 6

A.

B.
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In thc scqucncc dolnain,

島=/0お 十/1ff+/2お

=0+(277.1/-1.77° )(25.82/4555° )

十(9.218/216.59° )(0・ 8591/-172.81° )

=7155/4378° +7.919/4378°

=5172+ブ 4958=7163/43.78°  VA

Also,

3島 =3(7163/4378° )=21,490/43.78° =ら

PROBLEMS

8。2

sEcTloN. S.l

Using the operator a : l/ l2O , evaluate the following- in polar form: {a) (a + l)/
(t +i -a2), (b) (az + a +ffio -,22), (c) (1 - a)(l + a2), (d) (a + a2)(a2 + t).

Using a : l/ 120', evaluate the following in rectangular [orm:

a. alo

b. (lr)'o
c. (l - a)3

d. eo

Hint for (d): e('*rr) : grs'D' : e'lJ, where y is in radians.

Determine the symmetrical components of the lollowing line currents: (a) /" : t6120",

Ir,: 10/340, I": lo/2}ff A; (b) 1, : 100, 1a : j100, 1" = 0 A'

Find the phase voltages 4,, Vbn, and I(, whose sequence components are:

vo :20/w , vr = fi}/]!f-, vz : 30L80 Y.

One line of a three-phase generator is open circuited, while the other two are

short'circuited to ground' The line currents are Io=0' Ib:1500/90'' and 1'=

1500/-30" A. Find the symmetrical components of these currents. Also find the

current into the ground.

Given the line-to-ground voltages 
''"c 

:280/ o ' voo = 290/ -130" ' and v'n :2601 ll0
volts, calculate (a) the sequence components of the line-to-ground voltages, denoted

VLso, Vht, and Vy,,2; (b) linero-line voltages %t, Vt", and 4o; and (c) sequence com'

ponents ol the line-to-line voltages v_tto, vttt, and vy12. Also,_verify the following

ieneral relation: Vyys = 0, h.r.i: rtVtnr/ +30", and Vvtz = ,/lvrrr/ -30 volts'

A balanced A-connected load is fed by a three-phase supply for which phase C is open

and phase A is carrying a current of l0/0" A. Find the symmetrical components of

the line currents. (Note that zelo-sequence currents are not present for any three-wire

system.)

A Y-conncctcd loar! bank with a three-phasc ratiitg ol 500 kVA and 2100 V consists

of three identical resistors of 10.58 Q. The load bank has the loliowing applied

8.4

3.5

3.6

8.7

8.3

■



'rcltaBcs: %b = I 860/9i.8: , V* = 27 60/4 .+ , tttd l/", - 230c'li!0" V. Detcrttrine

the symmetrical components of (a) the line-to-line voltages Vab1, Vab't, and %u:; (b) the

line-to-neutralvoltages Vano,Vzil,andV^r2;(c) andthelinecurrents loo, I,1, and1"1.

(Note that the absence of a neutral connection means that zero-sequence currents are

not present.)

sEcTtoN 8.2

8.9 The currents in a A load ate Io6: l0/0', Io" = 20/:Y, and I,o : 15,/90" A. Calcu'
late (a) the sequence components ofthe A-load currents, denoted /ao, Iar,162; (b) the

linecurrents 1,, 16,and/",whichfeedtheAload;and(c) sequencecomponentsof the

line currents lrc, Iu, and Iy2. Also, verily the following general relation: i-s:0,
Irt : lllrr/ -10", and ltz: l3tnl!]o'-A.

8,lO The voltages given in Problem 8.6 are applied to a balance<i-Y load consisting of
(6 + j8) ohms per phase. The load neutral is solidly grounded. Draw the sequence

networks and calculate 10, /r, and.I2, the sequence components of the line currents.

Then calculate the line currents Io, 16, and 1".

8.1 I Repeat Problem 8.10 with the load neutral open.

8.12 Repeat Problem 8.10 for a balanced-A load consisting of (12 + 716) ohms per phase.

8.13 Repeat Problem 8.10 for the load shown in Example 8.4 (Figure 8.6).

8.t4 Perform the indicated matrix multiplications in (8.2.21) and veily the sequence im'
pedances. given by (8.2.22)-(8.2.21).

8. t 5 The following unbalanced line-to-ground voltages are applied i.o the balanced-Y load
shown in Figure 3.3: %e:100/0", Vac:'15/l8A', and l/,n:50/90" volts. The Y
load has Zv :3 + j4 A per phase with neutral impedance Zn : jl C2. (a) Calculate

the line currents Ia, 16, and 1. without using symmetrical components. (b) Calculate

the line currents 1,, 16, and /" using symmetrical components. Which method is easier?

8.16 The three-phase impedance load shown in Figure 8.7 has the following phase imped-

ance matrix:

0

(6+il0)
0

Determine the sequence impedauce matrix Z" for this load. Is the load symmetrical?

8.t7 The three-phase impedance load shown in Figure 8.7 has the following sequence im-
pedance malrix:

Determine the phase impedance malrix Z, for this load. Is the lcad symmetrical?

8.18 Consider a three-phase balanced Y-connected load with self anci mutual impedances

as shown in Figure 8.23. Let the load neutral be grounded through an impedance Zn.

Using Kirchhoff's laws, develop the equations for line-to-neutral voltages, and then

determine the elements of the phase impedance matrix. Also find the elenrents of the

corresponding sequence impedance matrix.

Ω

０

０

打

↓
０
０

〓Ｚ

Ω

０
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０
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０

〓ム
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F:GURE 8.23

Problem 8 18

8.:9

8.2i

8.22

FlGURE 8.24

A three-phase balanced voltage source is applied to a balanced Y-connected load with

ungrounded neutral. Tht'Y-:;;;;ttea load consists of three mutually coupled re'

actances, where the reactance oieach phase is j12 O and the mutual coupling between

any two phases is i4 o' T;; ji;io-ri" touttt voltage is 100 16 V' Determine the

line currents (a) by mesh anuiy'i' *itt'o't using symmetrical components' and (b)

using symmetrical comPonents'

島

乙

8.20 A thrce‐ phase balanccd Y‐ c?nnCCrd 10ad wnh scricS impcdances Of(8+ブ
24)Ω

4__^ ―■__^_ ^r i4 0 ie lヽinnlied bv

集∫慌』鶴帯:::11:温II巌鳥ilrγ I1lrlTl鼻 rt「ぇ理呪肌翌
:Cl騨:錨1:∬ lltill:ゼ温姜IⅢIIIⅢ―II虫 ,翼lrilir∬北n属″:鳳‰讐葛腱」窯I準IZ革 .√為:・蔦轟話:ιou“e ttdsa“

bdh sOlldy
_ :_´ _^■__^_ _‐ iriv rh｀ the svmmctrical

盤F淵篭詰iど蒻S'こilttfe′Ttta蹂‖蟄1糧轟fき‖FI蹴
:淵 ::よtyTwilき Ъ 革 ギ ir111まご 61籠

symmancふ ヒ6mpO“IS J山

1。aご currents,and(d)the 10ad Currents.

SECT10N 8.3

騰黒
al∫

躍 bよ燒∬hよ鰤:eT:電
d ttrcc_phお e hnc mpedan∝ s」 +゙川

ad.

燎喘lttf肌∬:l留Tl∬暑
across the line conductors giVCn by /aa′ ,

麗聾饗掛鳶魯ili
and/aa′ 2=Z2ra2,Wherc ZO=Zs+2Zm=Zaa+2Zab+3Znn-6Zan and Zl=Z2=
Zs― Zm=Zaa― Zab・

Problem 8.22

392



8.23

F:GURE 8.25

Lct the temlinal voitagcs at thc t、 vo cnds of thc lillc scction shoヽマ:1:ュ Fi31:rc 8 24 bc

givcn by:

/an=(182+ブ 70)kV    ‰n′ =(154+ノ28)kV

/bn=(7224-ノ 3262)kV  /bn′ =(4424+ノ7462)kV

Zen=(-17024+ブ 8862)kV 4n′ =(-19824+ブ4662)kV

The line impedances arc given by:

Zaa=プ60 Ω  Zab=ノ 20Ω  乙in=ブ 80 Ω  Zan=0

(a)COmpute thc line currents using syln■ letrical components(〃シ′r see Problem

822.)(b)COmputc the line currents wihout using symmctHcal componcnts

SECT10N 8.5

As shown in Figure 8 25, a balanced threc― phase, positive― scquence sourcc 、vith

/AB=480/Oi v。 ltS is applied to an unbalanced△ load Notc that onc leg orthc△ is

Opcn.Determinα (a)the 10ad currentsな B and rBc;(b)the lnc currentsム ,ち ,and rc‐ ,

which Fecd the△ load;and(c)the ZerO‐,positivcち and ncgative― sequcncc components

oF the line currents

A balanced Y-connected generator with terminal voltage v* : 4E0/ 90" volts is con-

nected to a balanced-A load whose impedance is 201!0' ohms per phase. The liDe im-

pedance between the source and load is 0.5/80'ohm for each phase. The generator

neutral is grounded through an inrpedance of 75 ohms. The generator sequence im-

pedances are given by Zrn : i7, Z4 : 715, and Zgz : ilj ohms. Drarv the sequence

networks for this system and determine the sequence components ol the line curl'ents.

In a three-phase system, a synchronous generator supplies power to a 208-volt syrl-

chronous motor through a line having an impedance of0.5/80'ohm per phase. The

motor draws l0 kW at 0.8 p.f. leading and at rated voltage. The neutrals o[both the

generator and motor are grounded through inrpedances ol 75 ohn-rs. The sequence

impedances of both machines are Z0: i5, Zt -' 715, and Z2: il} oirms. Draw the

sequence networks for this system and find the line-toline voltage at the generator

terminals. Assume balanced three-phase operation.

Calculate the sottrce currents in Example 8.6 without using symmetiical componelrts'

compare your solution method with that of Exarnple 8.6. Which niethod is easier?

Problcm 8 24

8.25

8.26

Ъ 。

8.27
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8.28 A Y-connected synclrronous gcncrator rated 20 MVA at 13.8 kV has a positive-

sequence reactance of 72.38 O, negative-sequence reactance of j3.33 C), and zero'

sequence reactance of j0.95 Q. The generator neutral is solidly grounded. With the

generator operating unloaded at rated voltage, a so-called single line-to-ground fault

occurs at the machine terminals. During this fault, the line{o-ground voltages at the

generator terminals are v^r: o, Vae: s'071/ '102'25" ' and V", = 8'071/ 102'25" kV'

betermine the sequence components of the generator fault currents and the generator

fault currents. Draw a phasor diagram ol the pre-fault and post-fault generator termi-

nal voltages. (Nole. For this fault, the sequence components of the generator fault

currents are all equal to each other.)

sEcTloN 8.6

8.2g 'I'hree single-phase, two-winding transformers, each rated 450 MVA, 20 kV/288'7 kV,

with leakage reactance X"q : 0'12 per unit, are connected to form a three'phase bank

The high-voltage windings are connected in Y with a solidly grounded neutral. Draw

the per-unit zero-, positive-, and negative-sequence networks if the low-voltage wind'

ings are connecred: (a) in A with American standard phase shilt, (b) in Y with an open

neutral. Use the transfonner ratings as base quantities. Winding resistances and excit-

ing current are neglected.

8.30 The leakage reactance of a three-phase, 500-MVA, 345 Y 123 A-kV transformer is 0'09

per unit based on its own ratings. The Y winding has a solidly grounded neutral.

braw the sequencr networks. Neglect the exciting admittance and assume American

standard phase shift.

8.3 I Choosing system bases to be 360/24 kV and 100 MVA, redraw the sequence networks

for Problem 8.30.

S.32 Draw thc zero-sequence reactance diagram for the power system shown in Figure

3.33. The zero-sequcnce reactance ol each generator and ol the synohronous motor is

0.05 per unit based on equipment ratings. Generator 2 is grounded through a neutral

reactor of 0.06 per unit on a 100-MVA, l8-kV base. The zero-sequence reactance of

each transmission line is assumed to be three times its positive-sequence reactance.

Use the same base as in Problem 3.29.

sEcTloN 8.7

8.33 Draw the positive-, negative-, and zero-sequence circuits for the transformers shown

in Figure 3.31. Include ideal phase-shifting transformers showing phase shilts deter-

mined in Problem 3.20. Assume that all windings have the same kVA rating and that

the equivalent leakage reactance of any two windings with the third winding open is

0.10 per unit. Neglect the exciting admittance.

8.34 A single-phase three-winding transformer has the following parameters: Zt: 22=

21:O*j0.05,G.:0,andB-:0'2perunit'Threeidenticaltransformers'asde'
scribe<l, are connected with their primaries in Y (solidly grounded neutral) and with

their secon6aries and tertiaries in A. Draw the per-unit sequence networks of this

transformer bank.

sEcTtoN 8.8

g.3E For Problern 8.i0, calculate the real and reactive pcwer delivered to the three-phase

load.
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For Problen1 8 8,computc thc po、 ver absorbcd by the 10ad using synunctrical cOmpo‐

nents ThCn veriFy the answer by computing dircctly without using symmctrical colll‐

ponents.
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