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On the Values of each Phase Sequence Component
Power during an Unbalanced Fault Condition
in a Multi-Machine Power System

Toichirc Kok

Abstract

Generally, the positive phase sequence power and phase angle equations for each
generator are used for the purpose of studying power system stability. It is described
in the first chapter of this paper how the method of calculating these power angle equa-
tions, under the condition of an unbalanced system fault, can be considerably simplified
by using (1) the decreasing power output and phase angle relations during an unbalanced
fault state, and (2) the normal state power angle equation. These two kinds of equations
are easily obtained by introducing a coefficient a into the positive phase sequence voltage
values at faulted terminal n. The coefficient a is an indicator to express the respective
types of faults, and it may be pre-calculated readily by substituting the values of the
positive, negative and zero phase sequence component driving point admittances at the
faulted terminal # into the formulas given in the first chapter. The numerical examples
of inducement of these above-mentioned equations are carried out under the state of
each type of faults for practical three-machine power system.

Further, it is explained in the second chapter that the use of an equal area criterion
for system stability is also possible by employing the decreasing power anlge equations
and pre-fault power angle equation. As the numerical example, this criterion is employed
for one-line-to-ground fault and two-line-to-ground fault conditions, including three phase
prompt opening of faulted circuit, for two-machine power system with a double circuit
transmission line.

A method of calculating the negative phase sequence braking torques or powers in
multi-machine power system is developed in the third chapter, and the effect of taking
it into account in system stability calculations is also explained. For comparison, the
power swing curves for each machine having no negative phase sequence resistances,
which computations may be carried out from these power angle equations developed in
chapter 1, and those for the machines with high-resistance damper windings are plotted
in the same figures under the various types of faults. -
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In the next place, a method of computing the positive phase sequence damping
torque or power which is produced by the damper winding of the generator in multi-
machine power system is explained in the fourth chapter. The procedure of this is an
extension from the calculating method for the basic system of one machine connected
to an infinite bus given by O.G.C. Dahl and R.H. Park by the aid of so-called Ho-
Thévenin's theorem.

The characteristic of the assembled elliptical locus of each phase sequence com-
ponent power at each terminal due to the variation of fault point resistance R;is proved
in the last chapter. Moreover, it is explained in this chapter that the positive sequence
powers which flow from one terminal to the other terminal can be generally shown as
an assembled elliptical locus according to the variation of phase angle differences of
each internal voltage, under the assumption of constant R, But, on the other hand, it
is also shown that the locus of each three phase sequence component powers at faulted
terminal, and also the negative and zero phase sequence component powers flowing on
the transmission lines have the character of an assembly of sinusoidal function under
the conditions of constant R, and variable phase angle differences.

These characters are also verified by numerical examples under the condition of ap-
plying the two-line-to-ground fault on the three-machine power system.
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0 — 0 o ) .

Igu—w =0 —Yn-11r —Ym-ryer e Y(?z—l)f(n«i)' *"ygn—l)'n —y272-—-1)’(n+1) E&—])'
0 ki 0

"‘"In —Ynr = Ypar e '_y?z(n—-l)’ K?.n “y;(m D ES

¢ o 0 0 0
I‘(u-{-]) Y+ 11 —y(n+l)'.!’ e ""y(7l+l)(n—1)’ —Yn+Dn If(gz+1)(n+1) E’(O'IL—H)

(1-40)
(1-38) £ »
—I; = p+ Yo —UncnsnEoan (1-41)
Losny = @— Yo ynblnt YiosnmenBanin (1-42)
ghin-c

D = _y:llE;———y:l‘Z .12'_' frrete "”yil(n-—l)E(lnwl) 1
q= —-yéwan}—yEnmeEé—— —y’l\nvkl)(n-o-l)E(l‘ll—l) )(

(1-39) x b

1-43)

"'“I;. = K"an;_'“yiz(n+l)E(2n+1) (1-44)
I(2n+1) = '—yznq-l)nE;’*' Y‘(3L+1)(71+17E(27L+1) (1—45)

(1-40) x v

y?’71E73+y(1)'(n+I)E\0n+I) ¥l —Ye e — Yl -1y i
yg’nE;z+yg’(7l+l)E(07H'D '_yg'l’ ‘g"Z' """ '_‘yg'(n--l)’ g’
0 0 o 0 0 0
y(7z—1)'7zE7g+y(n—})’(n+1)E(n+ b '—y?n~1)’}’ ==Y lr—1yar tr Y—(n-—l)’(n—l)’ E(n—l)'
(1-46)
0
‘—1-72 = ('—ySLI’El]” -‘“!lgm'Eg'_ st ‘—ygl(oz»-l)’E(O'lel)’)+ Kan?g"’_ygl(nd-DE(on—i»D (1—47)

I(?n+1) == ("_ygn'f-l)l’E?’—ygn-i»l)ﬂ'E‘g'* et '—y((‘7z+1)(n-l)’E£n—1)’)
"_y2n+1)nE7g+ Y‘(O71.+!)(7z+l)E(0n+13 (1—48>

(1-46) 2 E3., ES, E%, - By WEE T E, $iR% B, L Equn i X2 THb LU,

ZEREMT VT2 H 5,

B g Y e Yoy B 1y = QB+ OLES | (1-49)
Y1 B Y sy B — o — Y s ity Bty = @i yER+ blna Bty S
LR e (1-47), (1-48) X b
—I; = (ay+ Yau) Ent+ (00— Yncnrny) EGus v (150
By = (@ s ty—Yloarym) B+ BGany + Ynanyern) Elurny 150

FEMEINA Y E—F v 2 Z, 3 a D ZRFAINTHDH, WHF n L n+l @it v
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Tk, THROFHIWMEINRE R B,

L =L, Elovey = B,—Z L+ L+ 1)
I = Lo, El.=E,—Z, L+ L+ L)
Iyoa = I(an»l); E(on+l) = E;zj‘_‘Za (LH”IZ*I'I?Z)

(1-52) % (1-41) o of (1-42) .o fRA L, % Diffi i BB 4k
—(1 +yiz(n+1)Za) I;t"—yiz(n— I)Zalz—'yiz(n+ﬂzal;2 =P +(Y71n—y:¢(n+l)) E?‘l

(1 + I’(1n+1 (7z+l)Za) I;i+ Yglni-l)(n-l- I)Zalz
-+ IQ‘,MD("H')Z(,I,Z = q+(K171+1)(7z+ l)'—"y:z(n+l)> E;

(1-52), (1-44) e (1-45) & b
'—yfz(n+ X)Z(tl;i—_(l + yfz.(n+ I)Za) Iz~y'zrl(7z+l)Zal;g = (Y—in"_yfz(nq-])) Ezi

2
Y(27z+1)(7z+ [)Zalzi + (1 + Kil+l)(7l+ X)Zu) In
+ K,Zﬂ'é-l)(n—ﬂ)z(tl;i = (Y'(zn—;-l)(n+1)_yg2n+l)n) E)ZL

mlERIC (1-62), (1-60) or (1-51) & v

(brg'—ySL(n—H)) Z(ll;t + (bgz_ygzin-ﬂ)) Zali"" { 1'_‘(b(7)z‘—y(7)mn+ I)) Za}' I;S
= {a2L+ b31+ Y:rgn"—y;(n-l-l)} E??,

(1-52)

(1-53)

(1-54)

(1-55)

(1-56)

(1-57)

(bgzz+1)+ Y(31+1')(7L+1)) Z(tIv!z +< ﬁn+l)+ If(on 1) -H)) Za[;'*’ {1 + (bEn«H)+ Kon-k 1)(n+1)) Za}

= \azn—e U+b2n+x)+ Y(On-v-X\(na-n)”—ygnw)n} EJOL

Wi (1-63) 1 v (1-08) it ko L b0 eT5

— (4 A) [~ AL—AL =p+ (iﬁ:ﬁ

D,
1+ B) L+ BEA B = g+ (5 ) B
1
— AL+ A) F— AL = (- ) B
,
)

B +(1+B) [+ BT, = <

) B

D,
B+ BL+(+B) T = (J VE;
a0/
lieb i
, 1 . 1
Y;Ln""y;z(n+l) = “DI—, Ifzn'—yl;z(n-i—l) = D2
X 1 . . 1
Y’(lnrrl)(7171A1)‘—yn(7z-:‘-1) = ‘F", :Yv(ﬂn + 1‘}(7L+1)—y;z(n+1) =y
1 2

1
a(r)z + b‘z)z + E?.n—ygz(n 1) = D
: 0

(1-58)

(1-59)
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1 (1-60)
agvz+1)+bg7z+1)+ I’(‘;z-%l)(n«H)""ySL(_n-f-U = _F“
0

YninnZa = AiZ, = A, VoninZe = AZ, = A,
YoisonsnZe = BiZy = By,  Younwer Zoe = BiZ, = B,
Wansny—03) Z, = AWZ, = A,
(Yoinmintbnin) Zy = BiZ, = B,
(1-69) i HFRA L LCURENT, L, L, L, B\, E; RO Ey % p Rt q 2L CFbTH
XD, W TFEATRESEEEREY M3k, Wie 2% s (-62) W fUA T,
n+1 R 2 BBErED TR DD, WibS i

D‘I+Fl = X3, (A;D1+B;F1) Z(t - y;Za = y1
D‘.:+RJ = x27 (A3D2+BEF2) Zu = yéza = yz (1-61)
D0+F() = xm (A(’)DO'*‘B(;DO) Za - y6Za = yo '

L, T SRS AR (1-62) & LT, RIEMSRIEEE (1-63) 2 LT 54 B bn s,

I =— %1 (X%, + XYy + X,1,) (DD —q Fy)
=1 xy, (pD1—qF})
4 (1-62)
5= v, (0D ~qF)
4 = X200, + X1X9U o+ X XoHy + XX, Yo J
E, = Ep+rq
B =— 211 D F, {x;x, 1+ B)+ xoy:+ X80} (1-63)
‘T = — —_}1 DF; {xex, (14 A)+ x50, + X0, )
N (1-62), (1-63) FLor (1-52) X b
El . = Cp+rg
&= o DyLF: (e, (L B+ XX} — B 168)

r=— ”Al" F LD, {xoxs (14 A3)+ xolf2+ X2lfo } + Zaxox:]

(1-63) Pror (1-64) e 5 B, 1, € O w M S B b 5 TS BT CEFRL TV
LR TH B,
1) Z.=o OFE
WO YA a HO R ZEw T 505, (1-59), (1-60), (1-61), (1-63) JLur (1-64) X
b, TERORXIELID,
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1 o .
Br=— ya D\ F, (xy:+ 295+ x,x,BY)

1 T ;
Ty = — — DiF; (xgi+ %000+ x0%, A7)

1 . , .
7 D A{F (i + x5+ x50 B 1) x,%,

I

€

1 , , ,
ey == F D, (x,y, + x50+ X, A7)+ X%,

4" = x50+ X001+ X1
(2) Za:O @'—"2,—%

SO IR R R L,

D.Fy

Bn =T, = 6'71. =kp == X

(1-65)

(1-66)

FTEFKOHEN D Zo=co BRI L iE, 7 RO n+1 VPO EASEA v E —

Y AETEOWML 7n b,
Evi‘— \171-{-13 . 1

Z'ln(n 1) = 1 =
N I, X + X
Yo 2

VI BAENTREOEHEEA FER

an ZO ntIFRICEIA Y ©~8y 2 Z, REBASNCEESD, R4
IR 2 AFHRE, (1-63), (1-64) % (1-38) I RAFTIIEE BN D25, & Z,=

BHT 288, (1-65) 2 LCTFTEO M BEb L5,

(P1+jQ1)f = fo[E;li2-——yigE’§E}K———yigE§E}1{— '—yi(n—mE(ln»nEfK

— WiaBr+ Ylns1,0)) (—ul | Bl
— Y B e e '_ytz(n.AI)E(ln»])-Elli'()
— WinTr+ Ui o) (—Ybnin | B[
—Ylnr 2B B g oo —Uln+ -0 Ein-nEL )

Pen-v+ jQun-15)r = — Yln BB _ iy
'—yén—l)iEéE(ln-l)[("_ """ + Y on-1300-1 By
— Wn-1nFr+ Yinm13000187) (— Y Bl 1z
'—y;zzEéE(ln—l)K‘— "—y;z(nvl)lE(ln—l)iz)
o (y17h1)n7f+ y:ﬂ-l)(n*l-‘)’cf) ("yén-i—l)lE;E\ln—l)K
— yén—:-l)ﬂEéE(ln—I)]f”— “‘yznﬁ)(n—'l)}Ex]n-l)l2)

(1-67)

§ v

ST
%

(1-68)

VEo THEMBERF O £ FIC U SN B WD FEFE IR TR (1-69) 0 HH5TH 5,
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(Pi+7@Q1) = {tin (Fr—Fn) +Yiusn 0—8,)} {—yni Eil*
— Y BAE o o =i E o Elr}
Hutn (Vr—T) F i (1)} { —Ynsn [ B[
——yé,,.f.])-gE'éE}K—— '_'yl(n-l-l)(n—DE&l?&'—DEiK}

............................................... ! (1-69)

(Pou-1+jQn-1la = {¥in—1m (Br—Bu)F Uin-1yn 15 (8;—8,)}
{""y;71EIlE(J:1L—1)](—‘ —yiz(ri—l)!Ecln—l)!z}
F{Y =10 (V=T F Uln-vtn 11, (r—Fn} { =Yl s 0 B 1B G- 1310
Y1 2Bty e —Y o 1xn- | B |}

VIL T, EhiEsTE A

yl=-j8.20 Yi=—184.7 Vi=-1%4.4
Yi=-18.30 Vi=-184.7 Vi=-)34.4 _ T4=-11.86 6

1 Vi=-14.24
seil.ma 3 yi--Joale Vh=_13.88 5 ¥i=-12.80
¢ < P )] % 00d608 G g I

Vi=-16.07 2

oy 120N
¥is= 2.3 Hi=5.1
HE=4.2 557 2.3 160MVA
205MVA
[Egf= 1.007 ¢
¥, =—12.36
y,}'.—_—-js.37 - Yho= 0.9
T ¥i,= 0.9
50
BSMVA
Fig. (1-2). Three machine system layout as an example.
Fig. (1-2) WEREH N O » oW HEROHEM L LToR M TH 0T, 187KV R

fe 100 MVA %~ — 2 & LM CRERDS R E N T 5, HBOWMFEHwreE, #kT
BMHGT Ry Y27 Yy 7 2ARRRL2 THOM RENMES, HUEMFRO L& 25
TFTEHELTH S,

I —j28 0 0 0 2.8 0 0 E!
I 0 —j196 0 0 0 j196 0 H
I 0 0 —j236 0 0 0 72.36 3
- |=| o 0 0 —jI11.9 847 ;344 0 '
Ii= 28 0 0 7847 —j96.9 0 79.43 E}
=0 0 4196 0 4344 0 23—7364 0 E}
Ii=0 0 0 j236 0 943 0 09—411.8)\ E}

(1-1)
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r —j607 0 0 607 0 0 0 0 /0
I 0 —j280 0 0 0 0 7280 0 0
I 0 0 —j337 0 0 0 0 §3.37 0
£ | | 607 0 0 —jldd 0 8.30 0 0 E?
—rz | 0 0 0 0 —j119 7847 7344 0 :
=0 0 0 0 7830 7847 —jl024 0 79.43
Ii=0 0 4280 0 0 344 0 23—737.2 0
=0 0 0 337 0 0 79.43 0 09—711.8/\E:
(1-2)
-1 —j285 246 0 0 §3.88 E;
=0 j24.6 —j283 jL74 192 0 E3
=0 |= 0  jL74 co—jl74 0 0 B} (1-3)
=0 0 7192 0  co—j192 0 ES
Ii=0 j388 0 0 0  o0j—3.88) KL

WES, DR T HWETNEEE X T Vv 7 23k (1-4), 1-5) rins,

I 0.00056—72.71 0 0.00486 +70.00588 0.0169+72.65\ / E:
I; - 0 0.00664—71.86 0 0.117 +j1.84 )} E:
I 0.00486 +70.0588 0 0.0421—51.85 0.147 +j1.78 || Es
— 1 0.0169+52.65 0117+51.84 0.147+71.78 256 -—j6.4 E}
(1-4)
I 0.000369—53.36 0 0.00865 +j'0.1046 0.0210+53.31 0
I _ 0 0.0130—72.59 0 0.160 +372.58 0
I 0.00865+570.1046 0 0.0859-—-72.59 0.208 +j2.52 0
—TI; 0.0210+373.31 0.160+7258 0.208 +j2.52 247 —j7.76 i
(1-5')

A-F) gt Tk, T3, 5, TRU 2 E2EETREA-6) 2F 5,
—I = —j7.07 E; (1-6")
X (1-4) Bt (1-5) X b

—I = (0.0169+72.65) E1 + (0.117+j1.84) E} + (0.147+71.78) E} + (2.56—j6.4) E}
(1-7)

—I = (2.47—57.76) K (1-8)

BRI AN T B R EE L CER MR, (1-6), -7 R (1-8) My AR L, X
W AR o U C (1-12), (1—13))?@(1—14)%éff#it@w@-ow—tkbﬁﬁ FEE BN 5%,

RN 2 & U TR EACR 4T 2702 Tw i,

Y. = Y = 2.56—76.4

Yi. = Yiu=247—5776 (1-9)
Y;L);EL = —lLlle = ""']‘7-07
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X (A-15) S LT TFREEbic B MRS,
E;} = E} = ¢ {(0.0169+42.65) Ei + (0.117+;1.84) E} + (0.147+41.78) E}}

(a) b, c 8 2 #EHiE
(1-9) Bk (1-25) X b
1—421.21 Z;

16 = T 5.03—721.23)—(300.3+7106.71 Z;

FE4 2 SRR LT

pShi 14

(eaza) = — (0.0106+470.0447)
e 2 e LT
(@:z6)= = —(0.0223+70.0627)
(b) b, c 8 2iREHE
(1-9) B (1-30) & v
1+(2.47—57.76) Z;

G208 = (5 03— 14.16)—(43.34+35.67) Z;

=0 x &3
(sl = (@aza)e = —(0.0223+70.0627)
X Zy=co FFEHFIRIETH DT
(@e15)- = — (0.054+0.135)
(¢) ai81iRubiE
(1-9) Ferr (1-35) & »

_ (2.47—514.83)—(164.6+752.39) Z:
@116 = (143 44 j71.23)+(756.6—4919.2) Z;

SR LTk

(@ize) = —(0.0263+70.0865)
IERRERBEIC K L T

(@ 26)= = —(0.0540 +70.135)

(d) ZF B kg K B

(1-9) Tt 1-19) 1 b, fiTH & & { [ URERZ /2,

1

— i = —(0.0540+70.135)

DL b e )

SUT
FHTEEYE, LOREE (1-4) CRA L THRERE

(1-12), (1-14, (1- 16’)&0(1 177) % (1-10") i R A 1,
HATTR, BOH R E I

219

(1-107)

(1-11)

(1-12%)

(1-13")

(1-14y

(1-15)

{(1-16)

(1-17))
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ROEELNHHRP LN TH B, LrL, WO ICREFEEMAWTEEICHEN T DK
FEAREMEINTELLENL D, APlcidiadiciko, |E=120, |E) =108,
[Ei|=1.06 Tk 5, WEEFEANERREOFRE R, B (1-17) 2 (1-10) it A L,
HoEA2 (14 cRALTTEO M bR 5,

Py, = 0.564+0.92 sin (26°+ ¢ 1)+ 0.955 sin (25°10" + ¢

Py, = 0.290+0.92 sin (26°— )+ 0.547 sin (30°20" + ghes) (1-18)

Ps,, = 0.317+0.955 sin (25°10"— ¢bs5) + 0.547 sin (30°20" — ghes)

WS X B AT RS E IR, (1-17), (1-22) o (1-12), (1-14), (1-16') © -5 X
D, RATHOUC IR D,
@) b,cHB2#3 Hh#&
Py, = 0.452+0.633 sin (29°43’ + ¢45)+ 0.605 sin (30°48’ + ¢his)

Py = 0.21640.633 sin (29°43"— ¢ 15)+ 0.377 sin (34°4" + ¢hes) (1-19%
Pgy = 0.208 4 0.605 sin (30°48"— ¢s) 4+ 0.377 sin (34°4 — es) j

(b) b,cH8 243 58 #&
Py, = 0.331+0.499 sin (27°45" + ¢16) + 0.477 sin (28°50" + ¢iss) 1
Psy = 0.160 4+ 0.499 sin (27°45 — ¢by6) + 0.297 sin (32°6" + giee)
Py = 0.156+0.477 sin (28°50' — )+ 0.297 sin (32°6" — des) l
(c) a#B 1R #&
Py, = 0.288+0.354 sin (33°50" + ¢b16) + 0.338 sin (34°55" + 1)
Py = 0.101+0.354 sin (33°50"— ¢16) -+ 0.210 sin (38”11 + ¢hes) (1-219
Pgy = 0.127+0.338 sin (34°55" — ¢bis) + 0.210 sin (38°11 — ghs)
HiH T A A 0 BG4, (1-199), (1-20) Bt (1-21) oo — & (1-18) » b3 5
wHbLRD
(@) b,cHA2HRHHE
Pi; = 0.11240.290 sin (17°46" 4 1)+ 0.357 sin (15°36' + 1)
Pgp = 0.0744 +0.290 sin (17°46" —p5)+0.172 sin (21°48’ + gss) (1-22')
Ps; = 0.156+40.357 sin (15°36/ — ¢bss) -+ 0.172 sin (21°48" — gigs)
(b) b,cHB2#R i #E
Py; = 0.23340.421 sin (23°52'+ ¢b16) + 0.480 sin (21°34" + gbss)
Py = 0.1304-0.421 sin (23°52'— 1) +0.250 sin (28°26/ -+ Pes) 1
Py = 0.16140.480 sin (21°34'— ¢15) +0.250 sin (28°26" — ¢ ‘
(c) atglizHh#&
Py; = 0.27640.570 sin (21°6” + 1)+ 0.623 sin (20°+ 1)
Ps; = 0.1894-0.570 sin (21°6" —¢16)+ 0.340 sin (25°27 -+ hs) (1-249
Py = 0.19040.623 sin (20°— ¢15) + 0.340 sin (25°27 — bes)

(1-20
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CGOCHRFR A E RO IEEN o, SREMToMBNEARHD BENLD,

O B TR T O SE WHEE L A CHERMEL2EHE L, 22X NS

FEHEE RO A2 BT 5 O MCh D45, A FHE R A X A5 3 Y4 58 ik

LI BEN

WA REERTHOM MO TAL TH 5, HlbAH-c

VEGEAR S ¢y s PLTS

¢g 1k, Witow 7 AT (A-25") By A L LT S Lo (1-26) o i< b h
707 o
15456, —j2.59E" 0 0 F187E x FO.7T2E
12450, 0 —i1.96E}% 0 J1.96EL 0
054+7Qs | = 0 0 —i2.36Eix 0 7236 B,
0 J187ELy  j196Ei. 0 23—7101)Eix  j6.30Eix
0 FO.T2E} 0 j236Eix  j6.3Eix (0.9—79.6)Etx
* Ft=120e%
E;=1.08¢7%¢
Ei=1.06e7%: |(1-25)
Ei=1.00
Ei=1.00¢7%:
é, = 26°10/ \
Pg = 34°30° (1-26')
dg = 12°20° j
SO EL, BB AT X b (1-22), (1-23) Lok (1-24) o F i ok 2 65 L Eic X b, 4

W D 2 mh 4%

2 MK s Pro = 1185, Py, = 0.879, Py, = 0334
2 an ;C‘\}Jl_ : Pla = 0876: Pﬁa = 0653’ PS“ = 0.247
1 ﬁ’\/‘j‘(iﬂﬂl : Plu - 0751, P(:a = 0480’ PS“ = 0213
VIIL.  BAEWTEETE 6
2 3 4 9 5
Rt et
yi=qea.r T Nt yi=y34.a
Vir=-84.7 Y7r"J34 4
W=324.6 ¥5=-35.88
7 i

Fig. (1-3}.

Symbolical treatment of an opening

fault at faulted terminals.

Fig. (1-3) e %34 <,

(1-2) o HEOM L T 5, 18 Lk o S ki J)2%
BOEMTF 3w gy A2 i Yy 7 2R GE2

nHHRHeITs

BB U T2 4 L0 9T e L,

VAN

Hibo R 4 © Ix 1k Fig.
RN R TR D, IE,
Tk 4 (1-27), (1-28) Fof (1-29) D & R &

ﬁ}_{



222 Ao B — BB 20
i —372.80 0 0 0 0 7280 0 0 :
§ 0 —j1.96 0 0 0 0 71.96 0 E;
H 0 0 —j2.36 0 0 0 0 72.36 3
— I _ 0 0 0 —j847 0 7847 0 0 i
5 B 0 0 0 0 —j34.4 0 734.4 0 E;
I;=0 72.80 0 0 847 0 —796.9 0 79.43 i
=0 0 7196 0 0 7344 0 23—7364 0 E:
=0 0 0 7236 0 0 7943 0 0.9—511.8 3
(1-27)
r —j2.32 0 0 0 0 5232 0 0 0
I 0 —j1.31 0 0 0 0 §1.31 0 0
I; 0 0 —j1.67 0 0 0 0 j1.67 0
—I _ 0 0 0 —j84.7 0 7847 0 0 E;
I: - 0 0 0 0 —j344 0 j34.4 0 5
=0 72.32 0 0 7847 0 —j96.5 0 79.43 3
;=0 0 4131 0 0 7344 0 23—735.7 0 E:
;=0 0 0 7167 0 0 7943 0 09—j11.1 H
(1-28)
—TI —j24.6 0 724.6 0 0 0 E;
n 0 —j73.88 0 0 73.88 0 5
L=o| | j246 0 —j283 7174 0 71.92 E; (1-29)
n=0|" 0 0 174 co—jl.74 0 0 ES
=0 0 73.88 0 0 o0 -—73.88 0 Jof
=0 0 0 7192 0 0 0—j1.92 ) \ E?
WiF 3, 5, THU 2 HiEELT
r 0.00056—42.71 0 0.00486+70.0588 0.0169+52.65 0 E}
I} 0 0.00664—41.86 0 0 0.117+51.84) | K&
I =]0.00486+70.0588 0 0.0421—71.85  0.147+;1.78 0 E}
. § 0.0169 +72.65 0 0.1474+51.78  0512—j45 0 E}
I 0 0.117+71.84 0 0 2.05—52.0/ \E}
(1-309
: 0.000443—752.26 0 0.00326+70.0369 0.0162 +52.22 077" N( 0
I; 0 0.00309—41.26 0 0.0812+31.26 || 0
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Z;=0: (dra), = —(0.0160+70.0422) (3-9)
Zp= o0 (&) = —(0.0318450.0548) (3-10")
b) be 8 2 #2 & &
P 1 (3-14%)
Q28 = T 91187 —(32.7+552.8) Z;
Z;=0: (ddzs) = —(0.0318+50.0548) (3-129
Zy = 1 (aizg)-=0 (3-13y
(¢) a 48 13 Hb #&
@Ld = 199 4+5108)+(1120—7696) Z; (G-14)
Zy=0: (al10), = (0.0269 +50.0323) (3-15)
Zi=o: (tiza)=0 (3-16Y

7 T WA (3-2), (3-9), B-7) Bur(3-8) £ b B-16) i Lo TR B s,
Wy, & Z=0 C¢hboT, o fmuBmlimaiiitEfmiofciiiiebntnsdo
LA, Tiom Hitebhs,

(a) be %8 2 3 Hb #%
I3 = (0.0275+0.446) £7?: 4-(0.0331 +50.278) ¢ 775 +(0.0366 -+ 70.264) £ 7+

I = (—0.0237+50 322) ¢ 7%+ +(—0.00331 4-70.202) 7%+ 4-(0.00052 4-70.193) e %= } (317"
I; = (00217 470.316) 7?1 4 (0.0248 +70.197) 7% 4+(0.0272 + 70.187) £ 7?5
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(b) bc #8 2 R %8 #&

= (0.140 +70.612) 671 +(0.109 +50.378) £7% ¢ (0.111 +50.358) e 45
% = (0 0408 +50.452) 7% +(0.0417 -+50.281) 7%+ +(0.0447 4-70.267) ¢ 7% (3-18)
I% = 0.102 4+50.433) €9% 1 +(0.0794 +70.267) £ 7% + (0.0803 +70.253) £ 7%+

(© a $8 1 i3 #b #&

I} = —(0.160+50.385) e 7#:-—(0.114 +50.235) ¢ 7#+. —(0.112 4 70.221) &%+
% = —(0.0769+70.291) £7#1—(0.0585 +70.179) £7#+—(0.05689 + 70.169) 7%» {3-19)
I} = - (0.115+470.272) £7%:—(0.0817 +70.166) £ 7#:—(0.0807 4+ 70.156) £ 7%

FEo IS RN et 3-1), (3-3) ot B-17) & b (3-19)1C ko T RO &< 4
B b,
(@) be 38 2 18 Hb ¥

(P21 = 0.0345 40,0248 sin (86°45'—gbyq)

-+0.0235 sin (85°39 — ¢h15) +0.0148 sin (88°55 — i)
(P22 = 0.0391+0 0280 sin (86°45"-— gy)

+0.0267 sin (85°39"— gys) +0.0167 sin (88°55'—gis)
(P%),206 = 0.0311+0.0223 sin (86°45 ¢ o)

+0.0212 sin (85°39 — ¢h1s)+ 0.0133 sin (8855 — ) )

(b) bc 48 2 #% %2 &

(P3),205 = 0.0681+0.0489 sin (36°45'— bys)

+0.0464 sin (85°39"— ¢ )+ 0.0292 sin (88°55'— ¢bys)
(P3),215 = 0.0768+0.0551 sin (86°45'— ¢ 1)

+0.0523 sin (85°39"— ghys)-+ 0.0328 sin (88°55'— i)
P3),ens = 0.0613+0.0439 sin (86°45'— gy0)

+0.0419 sin (85°39 — ¢b,) +0.0262 sin (88°55'— ) )

(© a8 1% H# #%
(P26 = 0.0298+0.0215 sin (86°45"— ¢hy4)
+0.0203 sin (85°39"— ¢ 5} + 0.0128 sin (88°55"— $as)
(P),1z¢ = 0.0339+0.0244 sin (86°45" — ¢ )
+0.0231 sin (85°39 — ¢ys)+0.0145 sin (88°55"— ghes)
(PH,ee = 0.026840.0194 sin (86°45"— 1)
+0.0185 sin (85°39"— ¢h;5)+0.0116 sin (88°55'—¢hs) |

(3-201)

(3-21y

(3-22)

I1I. #faGHEo REENERICRIFTHE
WSy RO EA A HCRTR A0 U A A O R Y B S — 1 VIR Ll 0 Tk
DR, HEFEE O SRR ﬁbn%é@ﬁm%MM®ﬁ” R RROWML In b
H UERE AT o ik (1-18) 2 A 53R MR Th 5
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(@) bc #8 2 #% L ¥
SUIETE RN R 8 Lis b BEoHBm R 1-22)Ch v, WS HIEE Il G200 ¢
NAH, WEHDIEoHElEZO e UTo R 2 vihad s b in v, Bsifas i
Jifdvr, GBI R 2w Lo b sdie i b,
(Pis)are = 0.147+0.296 sin (22°28/ + ¢i5)
/ +0.363 sin (19°46" + ¢1)+0.0167 sin (88°54" — ghs)
(Poso)re = 0.11440.300 sin (22°47 — ) (3-23)
+0.0267 sin (85°3Y —¢5)+ 0.179 sin (26°47" + ¢hus)
(Pspp)rre = 0.18740.0223 sin (86°45"— )
+0.365 sin (18°47—¢ys)+0.178 sin (25°44" —¢hs)

Fig. (1-2) RS T 5 # ko P #o
M, =105 M,=111, M,=303 (3-24")
ThHoT, BT X 5 REA Mo BIEE, Fig G-1) Ak Fig. 3-2) iR 4 A e %, Wi g
M8 2 WA A EE O 2840 %, R 2SR 2250 U e & (FEY) 2805 Uicihd (4
MO b TR L, UEBIMAAEO B TAERL T b

140

/%
300t ’ 4’6
Negatlve Breking ,’ 4’3
280 Heglected /¢ ~
¢ ]
% o
260 $ 5
I 2 o
2401 a
3
@
2201 ]
g
200 ﬁg‘
3
180) ?;
! High-Resistance =
160k / Damper Winding %
Q
o
~
a,
i3
—
A
5
3
—~
=
®
o
B}

Transient Internal Voltage Angle {Degrees)

120
loor /,/’/ Time (Seconds)
80 —i0p
60
40 . : .
Fig. (3-2). Swing curves in terms of
20t angular difference between each

S S S S pair of machine.
01 02 03 04 05 0.6 07 08 09 (same condition as in Fig. (3-1)).
Time (Seconds)
Fig. (3-1). Swing curves showing the
effect of negative phase sequence
braking powers under a sustained
two-line-to-ground fault.
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(b)

AN il B HB

be 78 2 18 42 &

34

(1-23) & (321 & u~5Fic X v, WG R 2B L e G-28) & i), Zo

B 2 0 X B E TR & (1-23) © BRI AR & o Ml Fig. 3-3) X f Fig. G-4) IR L v %,

(P]fb);v[,g = 0.30140.443 sin (30036/+ (/)1(;)

(Pl;fb)

240
220r

180
to0r
140
120
100}

80

60t

40

Transient Internal Véltagg Angle (Degrees)

20}

+0.498 sin (27°20"+ ¢15) +0.0292 sin (88°54-— ¢igs)
225 = 0.207 4 0.450 sin (30°5'— ¢i4)

+0.0523 sin (85°39 — g 1)+ 0.265 sin (34°2'+ )
(Psohs = 0.22240.0439 sin (86°45'— giro)
+0.526 sin (24°26'— ¢ys) + 0.281 sin (38°25 — i)

B
Negative Braking /,¢;
Neglected //
U/% ¢
I3

High-Heslstance
Damper Winding

Fig. (3-3).

0T 02 03 0% 05 06 0.7 035 097
Time (3econds;

Swing curves under a sus-

tained line-to-line short cireuit fault.

() g 13 # #&
IR IC (3-26) vk (1-24") JLof (3-22) @ fr e LT L,
(3-6) ok Th B,
(Piso)ize = 0.306+0.577 sin (23°8" + ¢s)

+0.629 sin (21°43/ + ¢5)+ 0.0128 sin (88°54"— hes)

(P(;f(,)lL(,x = 0.223+0.579 sin (23017/—(/)1“)

+0.0231 sin (85°39— ¢h1s) + 0.346 sin (27°40" + ¢hu)

(Pssohize = 0.217+0.0194 sin (86°45'— ghy)

+0.600 sin (22°41"-—¢1¢) +0.345 sin (27°11" — ¢bs)

Angular Displacement ¢, ¢,and P (Degrees )

Fig.

(3-25")

J

I 7 I i 1.
01 02,7 04 05 0.6 0.7 0.8 09

| = Time {S8econds)

(3-4). Swing curves in terms
of angular difference between
each pair of machine.

(same condition as Fig. (3-3).

TR Fige (3-5) %o Fig.

(3-26")
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/B

_ /1141 -
- L Begative Braking 1I«<P @
§>j 200 tieglacted ,'// ! ¢ & 30+
P / o i
£ 8o ) g
2 ¢, e
® L 60k &
) Rl
g 140k §
o &
@ t20f &
-t +
o L I3
= 1o e High-Resiatance ]
a 80 Damper Winding o i R R "
& b4 0 s . s N
£ 2 61702703 4% 05 05 07 0.6 09
v 60 K i e
5 A // Time (Seconds)
A0 & —lof
H 7
& 20 & L
o = <t

07 01 02 03 04 05 0.6 07 08 09 Fig. (3-6). Swing curves in terms of

Time (Seconds) angular difference between each
Fig. (3-5). Swing curves under a sus- pair of machine.
tained one-line-to-ground fault. (same condition as in Fig. (3-5)).

O FTEX D, E AT S ST 3 T e A2 D WA T B & RS 8

R 2 SRR 0 U T s IR R Cd Do O3 il 74 25 0 L o B BT sk g e,

LR TAREVT RO Th 5.
2 Mg P = 1.065, Pio = 0.772, P, = 0.248
2R Py, = 0677, P, = 0.444, Py, = 0.0587
1 sz P, = 0.669, Po = 0387, Py, = 0.141

BNE ERMMEES

L Z#RICHODERIWEENTEE

ARMNCHDEMZET O FEL U c iy, FERRIISHIC X0, IEMPC X 28 v &y J
DT BRI AT 0 T, MR RENC A D — BRI B R T Ty o §1 5 &

LTie, (A1) 8 ROH. Park, O.G. C. Dahl [R&ic L oTHALNTWD,

,r

. 2 l& %{lﬁ)A 7({70” (2/(1 a’q ) -F ql) 2 ]
Pr=F Su)[ (ot al P sin® ¢ + peg cos® ¢ (4-1)

JHG AL TS B AR v T
Pp = 14 Hil TRy 16 e e
E = febR BRI
s=3b, w=2xf
Ty, Tys To, X = FEEHI T 7 5> =

. = T L HEAC B DN Y T 7 5 v =

il

l
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i ()

b TR S

Tr A © A 14

Tas, Ty = %W, HeblBEEIGH
0 = fEfR A RERE X D O FE S

T

ZARLTED, fhofid i @d-2)ians

1 W
= e -2

S = 3607 " dl (4-2)

LHAFITR T, BB Tl E T 5 78 b1,

BlrrrvoHlzdEi+s3cky, @) 24
B i A DUCFE AR T o i3 4 5 3
HiZk %

W,

3

FERRCRWT 1,2, (n—1) % JET i -7
L, naEETenT e A, W 1o
A ERIC A 2 B GIEPSFC & 5 EAE S o 5
e i Amb R

T 5,

2

Fig.(4-D) o<t ¥ v 7 ARFE R (4-3), (4-4) )
I} Y}l 0O ... 0
I 0 Sy s ~Yhon-n
IklnAl) O “yén——l 2 Kln—l)(n—l)
1
Loin= —Ylusyr —Hlnary e =Yt D1
3 '_17: 0 "_yjz_’ """ "—y;z_n—l,\
: Y4 0 e 0
2
2 0 Yi, e —Yin-1y
2 2
Ly 0 U1 Y(zu—l‘) n-1)
I@ue—!) = — Yo “—y?nrl—l);’ """ — Ul
"_I;E O *‘y?ﬂ """ "—ny(an)
Iﬂl:O Y'g’ﬂ’ _yg 3 T h—yg’\nfh’
I3 =0 — Y2 53 —Yirin 1y
1371—-!)’ =0 —y?n~1)'~1' '*y(()nq)'ﬂ' an—l)'gn—n'
Iﬁn+l) =0 —ygn%-hﬂ’ '—y&t‘hl)i;’ s ‘_ygn%-l) -1y’
- 72 —!/?yz' —y(r’tii‘ """ —y:lf7z~1)’

n+l T 2 L, Fig -1 w33 &
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Fig. (4-1).

Admittance diagram of
a multi-machine power

system

for the computation of the posi-
tive phase sequence damping

power on terminal 1.

N

O (4-5) &5 Bk

1
t/STUEN

1
—Hrntts

1
—y(n— D1
1
Y(n +1 2+ 1)
1
iy

2
—Hinn

2
—Ys(n+ 1

""!/Z'/L =) ne )
2
Y(n (A1

2
= Yn(n+1)

—Hi
0
= (na

_-]l/gz(n + 1)

v YV AR

0
Y- D
0
YU; +1 (n+1)

il

AL D LT AHRBIE, WTF 1o
TIERA D

HOL

Lo Th %,

0

1
e Yon

1
—Hn-tn
1
—Yn+Dn
1
Ynn

0
5

2
Y- 1n

£

Ezn-l):()

2 2
—Hn+Om (1)
72 v2
¥ nmn En
0 0
Y E'.!
0 0
—UYsn 5
0 0
9] Y- -1y
o [
"“y(nrrl\n E&7z+1)
0 0
an B,

(4-5)



37 2 5 SR ST B A B RS AT B B BRI AT R T T 239

(4-5) T Ey i B4 g

0 0 \ 0 o Ul 0 0
Yorn Koy ) o —Yay e —Y2(n-1y Y1) E
0 0 Ul 0 a (i}
Y B2, — Yz Y ettt mYs -1y —Uzint E:
0 0 ¢ (] 0 0 0
Yln—ryn B —Y-1y2 Y10 Yoty -1y —Yn-1yamin E 1y
0 y 0 ki 4 -1y o 0
y{n-H\.'n En "“y\n%-i)‘l’ "wy(n F1y30 Tttt ”“y(on I n—h Y\n-&!‘)(n 1y E\'ﬁ,‘.‘")
(4-6)

4-5) o TH LD
—'I;: = y?z'Z’Eg"—ygli‘»’Eg' s —!/;)L(’Il-‘l)'E(o’n"l )"_‘ygz(n B J)E(on 1) -+ YﬂnEﬁ (4”“7)
(4-6), (4-7) X b

—I = Yl (4-8)
N4-3)xrh

0 = —UlusHET+ Yo B b= Yl sonlln+ D1 (4-9)
—I; = — YrcwinnElr,+ Youlin+q, (4-10)
Dy = — YooY nBli— - =Yoo B (4-11)
@ = = YeBi— s Bi— - =Yy J

(4-4) X v
0 = Yoo B orty—Yoe vmlin (4-12)
—I} = — sy Blneny+ Yoo (4-13)

2K TE-8) X b (4-13) B o R4 #a & D RAL O R FRIETE I X TR SR A B 238, IF

A RESE T T B, EH 0T LBt o 4R il MEBR R RER & S5 LA 0 7 7 4

YALEE L BERD Y, O ASeTiT n+ LIRS S HBGEE M A iR EY 5, &

Vi =Yinn=0 LFIE, Yu=Y1=0Tbhd, X Yiunmen, Yiwnmen SHE 2~ 5
25, FOE Yinnmen, Yimeomen £R2HE b, (4-9), (4-10), (4-12) For (4-13) 1wk
ATVEOmMS b, (4-8) Ltk (1-12),  (1-13) Sk (1-14) & M v (T 25 A S S s e e it
I o 25 i 0 R T o 0 T A L A RESRIE B 2 7 7

w

0= pi+ Y B —Uonnln (4-14)
—IL = ¢y~ YnnsnE Gyt YVin (4-15)
0 = Y& inmen B n—Ut sl (4-16)
—IL = — s EG s+ Yo I (4-17)

SEHHE LT 2 T b, ¢ M 2 BUlE 2R Lo 2 LT (@4-18) A4
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17 1 7 I
EUL-H) = T [(y;(n -:-1>)ZP1 . Yifz +D{n+1) {( Ynn + Y;n + Y;z?z) pl + yén +1)nq; }]
1

_ 7 2 wr2d ' 2 [ (4-18)
Al T Yé;z-%-l)(n»i—l) {(y?l(vh% ]_\)2__ YnnY\;z—‘ul)(n%«l)}"'_ Yf;(ps-l)(nv}-l) {(ylnv%l)n> |

1 274 0 id 2¢f
- KMLY\;L«:-I)('H vH)}' + Ynfn Y(;L+1)(7L+1)Yk;z»i~l)(n +1

Hn+D)¥F L OB L REOFWEA A v €~ v 2k, WTFIREZME LR BI

BT, Lo T X COWBEELEZHLBEE, EN,=0 0540 T Lo ZRIE I, I
1)
LSin = Yo Bl o—Yonnli (4-19)
=Ly = — Yuns B Gt YonEy (4-20)
IG5 = — Yousrnkon (4-21)
—I =Y}, E} (4-22)

(4-19) X v (4-22) & (4-8) KX (1-12) X

Ii’;l +1) = {Y.Z;]i%-l)(n*.l) <Y7:,n+ Y75n+ Y;Zfz)—'(y;z.(n'é' f \>2} Ea;ll‘l)l (4_23\

Az = (Y717L+ Y7§n+ Y;IJ.(;L) ]
HIBEIES 4 v €~ Yy R LT E-24) 25508, G- hBL42)7 7 5 v 24
& LT, A AN e Bt L AT 5

v 2 0
Yn 77 Km. -+ Yngz

Z = ; ]
Y\1(7i+l)(7z+l') (Km“ Ynn{ Yv‘zfl)'_(y;z(n%ﬂ))z

(4-24)

fls O A EHHBRRAEIC L T b FIBFHIC 30 CIRAT Ui, Rk E+ 5 R 0 T 2,
T3 e IS 20T HIRR BT S B,

1L 3HERICHT BETES
Fig. (1-2) 1574 3 BRI WOt 7 TIICIE R 10, ST 2 @ e+ 1 kg L, i
T A SR T e T B, T 2 B LRSS P Yy 7 ARk

Iy [ —ji24 0 0 j4.24 0 \ B!
I 0 0.00664—71.86 0 0 0.117 +71.84 || B}
I|= 0 0 0.0425—1.85 0.0152+50.184 0.156 +71.88 || B2
I j4.24 0 0.0152+ 70.184 0.00546—711.73 0.0558+;8.3 || E:

-y 0 0117+71.84 0156+;71.88 005584783 262 —j19 LE;

4-1)
N —j6.07 0 0 76.07 0 v, 0
I 0 0.013—72.59 0 0 0.160 +7258 || 0
t | = 0 0 0.0852—71.77 0.0193+ 70.234 0.197 +2.39 || 0
I 76.07 0 0.0193+ 70.234 0.00438— j13.6 0.0447+47.41 | | B3

L—2z) L 0 0160+7258 0197+;239 00447+;741 242 —j118)\E3)
(4-2)
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—Ii = —j7107E; 4-3)
(4-1), (4-2') o (4-3) X

Yi, = Y =262—519, ¥3, =¥3%=242—5118, Y2 = Y% =—;7.07
Y Genmeny = Yuif = 0.0546—757.49,  yiusn = yie = —0.0558 —58.3 (4-6')
Yoty pory = Vi = 0.00438—5753, Bl = g = — 0.0447—47.41

(4-4') L or (4-18), (4-24) X b bl X B T VSl 4 v B —F v 2 LT

fineny = (0.181—70.202) B + (0.222—750.224) B (4-5)
Z5 = 0.0407+70.221 (4-6)

HEFR ARSI W, BB T, SEEERoe v TS 208 n b D, X
GWAGY T T YA x, b LTUE (A-6) 1 b 470221 ZlwAH b0 L5,
Tl OO FER A VT 78 v A BB CHEbEERLTROML It b,

. = 0.708, x, = 0.236, ay = 0.153 ]

v, = 0482,  a;=0472, aj=0177 | (4-7")

Ti = 0035 T, =0035 }
50 e JRECICHS W TiE, (4-1), (4-2) JLet (d=7) X0
Ppi = |E%.1]?(0.00308+70.000661 cos 24,) 45,
*= a7 (4-8)
4t =01
O vk U T 1 FERTR P SRR & SRR REGE R & o M2EA T H D, A0 R L T

DHEE 4 O ORI 2 KO X0 Pt T o KO MD 40, #E L TRD», ZwKkoT
APl o B AR D 40, AR Ui e 83 2 F ol aipETdo 235, 2HHED

AT, WA MIE A B Ui i X (1-22) 2 H et f, P ic 4 O 5 X4 40,=
Apy, O F RS A R TG Poy 205 U RO K~ D IsiE 23K, Z&Hw
THKOK O EHMD Adgy, dby, dis R aARKD It dgy D TE U A L A L d O 2%
I RO K BICHE s 23, ZRPVITEIEMIZE AZTNC X Y, B0 CHmMEER I RERR T M O R AH
farRo HHE MK T L, Fig (4-2), Fig (4-3) W < LTRo e BHIGHT o % 1 3o

BRI BT 8 A m_ L Tnw 5,
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280}
260t
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4’:9 Damping Actlion
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220
180
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1201
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0
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Angular Displacement ¢, and $¢Degrees}

a0
- ~20}

20r

. ) ) ) Fig. (4-3). Swing curves in terms of angular
O 01 02 03 04 05 06 0.7 0.8 09 1.0 difference.
Time (Seconds) (Same condition as in Fig. (4-2)).

Fig. (4-2). Swing curves showing the effect
of positive phase sequence damping power
which acts on terminal 1 generator under
a sustained two-line-to-ground fault.

BLE FTEHEHENRGZRNDIENTHESEN

FH RO P ST R A N B L A A - R O S, S IRV TR A 4 T R
Ry i o A e o TRl P 2R L, 20 Ry — 5870 DK AL e R WP A LR
FRd, XT3 D R Y BRI By 280 T T A S U T
W, AT, R ko CGlIEHET, s AT

i T 1 i B KA
&, " ROHERRE A,

L4 DN HE S,

LR W TR T © A4S WA
TINU T, Bt sipl &k

Bl A, AR
B, R T ToREL
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(1-11) o im L G523, ZHE\ET il

WiaA
LV O W AL s WA DAL (1-9), (1-10) BTX

'_[71 S (**!l;nE}—yiz_'Eféw ot ”_y;t(n—l)Eén~l)) + Y7§71Eri (5“1)

"“I;f - Ymez? (5“‘2)
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—I, = Y5, (5-3)
S XI5 N E A MR R
be fH 28pMks: L= —(L+ L), Ei=E, FE,=FE,+3RI, (5-4)
befH 2 #0505 L =0, Li=-—16, E,=E,—RI, (5-5)
afl Lg% L=I5L =5 E,=—(E+E,—3RI) (5-6)
1. HES niiFOBEE
1) EMH2>EE
Ho—FOC R 240 <, WA EAT AT 5-7) @ M Fb L 5,
E, = &' (~YnBi—yuBli— -~y Bl 1) 5-7)
coT e R TFRomEMEHL T b,
(@) 2 Fuis O, )

— L+3R, Y,
<Y71n +' Y;n + YIE";L ) + 31€fY7(;fL ‘ Y;n + Yzin,)

_ 1+R Y2, )
( Y’l}?l, ¥ Y"”ﬂ) + R, Y71r7l Y’Ii7l

(o) LTt (@)

_ van -+ Y;;,fl + 3I€f Y;:‘n Yv‘;i
Ktn Kﬁn + Kin Y-'I(l]’(I)L + Y, 7i7z Y, ;L)fz + 3R 7 Kzin Y, 7?71 Y?’z’i

(5-10)

[
Ayreg = —
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Fil Gy, G Br Co AHEETH BN, 4 (5-87) @ Ry #Z4{w-Lvivg, ¥, Y-
Yo ik 2 MR R T A B ATh S,
1 )
T S 11 AGIRY - SRR
Y, = C+ CR, ¥ C(R} {H\R +3R: (GIR + HIS 1)+ HRGISin)}
................................................ (5-87)
= 1 S 11 LS N PALY 3 1t QL
Yo = C(,—l-Cfo:F CAR T {HR 5+ 3R (GsR: w+ HiSG 1)+ AR (GES in)

—JF Ry H3—5E BT HIVE, LEREFE~T P iE R, cofiiihya e L, R

=0 oI, 584 2 FHBoRE L U CG-80) 1% (5-88) 2/ 5,
JPII+]Q ))IG TR [‘{HXRII\TE{ +ILR¢1‘ WV l +H51{5AIF\,| }

e, < l
+ (H R \Eisx+ HiR o E1E)

+ (HiR v E B o+ HiR B i) [

+ (HiR BB e+ HiR; 25 1B )]

(5-88)
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Ui = (HIR BB+ HiR 1 B 1)
= |HIR\EIE} 70 =020 4 | HARIEIER €7 06n= 017010 (5-89)

ravE, Utk ¢ 2202 LTHM Y L L, B HIREE|+|HREE, i
|HNRE\E~|HIRIEIES Th v, T oGk ${(Wn—0e)+0s—th)} 7207 KR F R0 A7 &4
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FHEQCEE AT 5,

VO Ry=co QA5G4 2 MUBHHCHI S 3 525, (6-90) ) iR 374 < Sdbse R P A 220k b R
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(GlSs[‘ 1Es]\+G\S;[(E1]\'ES‘)

HG S BB+ GiS i EiEs)) 5.90)
2. HHEY>E
PitjQh = 1k (Bi—E3) 6o
e (5-79), (5-91) x 0
o e (L3R V(Y i —pi)
P = CiF CRACAR;T
{lyl’y"*Ell + Wi ¥ El”"*‘ !!/:1;3.1/:19}1’7;!2}
+ 2| paaspis ¥ B ETE sin (90°—0 15— a1+ U+ Has— i)
+ 2{ Yy s BB sin (90°—0 154 Oss— bys)
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3. BHELSEH
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(5-79) X (9-93) L v
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x[{ylsgidZi] + | g YREN + [uhus B
+ 2|0yl ¥ BB Y sin (90°—0 35— s+ Uus+ Oy — bus)
+ 2|y sy BB sin (90°—0 154 Oass— b is)
+ 2 Y Vit S B sin (90°— ¢ 15— Us -+ Uss + (1 — has) (5-94)
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{A) Inside of the first brace with denominator. -
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as a coefficient of =~7 ..
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as a coefficient of £~7%u.
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(5-34), (5-35) Tr (5-36) L b, IS

FEREAHEAZE & LT
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Fig. {5-3). Circular loci showing E
power at terminal 1, imme-
diately after the occurrence Fig. (5-4). Elliptical locus denotes the
of fault. effect of variable Ry which is ex-
Full line: two-line-to-ground pressed as a coefficient of positive
fault. phase saquence power at faulted
Dotted line: line-to-line-short terminal n.
circuit.
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Pi+j@i = 44211550 R+ 85410 (R

% {17.66 +12.6 sin (86°40"— ¢s)+12.0 sin (85°35 — ¢hus)
+ 7.50 sin (88°55"— ¢hs) }

(6-3)
R O 3 B R B Ry B8 LT Fig. 5-5) o< Raivsd

A H LT 5, Ry —
O, B b b WA A BRAVE

R;=0:  Pi+j@i=-(0281—70.704)

Ri=co: Pi+jQ=—(0.654—71.63)

2 MR RTINS RS UL, RN S,

Fig. (5-5). Elliptical locus denotes the effect
of variable Ry, which is a coefficient of

negative phase sequence power at faulted
terminal n.
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B FHIED
[E18E (5-60), (5-61) Fer (5-62) L b
L ,_
442+1550 R, + 85410 (R,
% (17.66 +12.6 sin (86°40"— ¢1,)+12.0 sin (85°35'— ¢h 1)
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Fig. (5-6). Locus denotes the effect of
variable Ry, which is a coefficient
of zero phase sequence power at
faulted terminal n.
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Fig. (5-7). Assembled elliptical loci of
positive phase sequence power ac-
cording to the variation of internal
phase angle differences of each pair
of machine. The figure is plotted - 1.3
for the value of immediately after
the oceurrence of metallic two-line-
to-ground fault under Fr=0.

1.5

’
—1.44 10° .io‘

Fig. (5-8). Assembled elliptical loci of positive
phase sequence power according to the varia-
tion of internal phase angle differences of
each pair of machine. The figure is plotted
for the value of immediately after the occur-
rence of metallic line-to-line short ¢ircuit fault.
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