
l.
orui;o jGq* Ats-JH't

*(-;( l 6tar-fr+ l.l o.t .ljf clU._rr Jar.,a t: dl-;t cc.r;$ i(.: €[ .n r.st',

J L-'l r t4.pt s# dk.;lr..l r ta.,rt.p'l+l ,r(; ,gt4;.lL (.J-t, At"emf)
.rtrr+ tr r.rt La,-l Ll: )l J'i AlrE)t Jsr*;- .Jil,)l o.t; s.S 3L-i7..rif,r. 6^-,'
;b dr.*. r.rl .r-rl: o;l*r,r!L.o;l.rtf .ut. L. trL irt_;rtr ,Ofjt .f. ..t<* *t
6-T., '1,.r-; ilt-.rt .xt'. {y O,rL.l, ls juJt dc.-l csslirt ,a,tT bi-r+
Lt, i.r!Jr 44t ,rrt ,y-l .xf.r xli :i 6L'L;lJi, U ul.r+l .rl.ri, jl

6;t.rLl: 3llt t u;t(i2r;; s sils,,€.iJ;. 15k b) o$s.>.rlLa,'t .iL-r;
cJLrl.ri, b -,rt 6l Llt 3i*a-.4l.r,l.rl.ri,-rl gL-r7*u ttfu+ lt t:tr*t"
gr.{ gt-U, t-,' ,JLa,'l ,5t4;L-r7 L-t^" rSt-.+V i,UJ ,i..oi .J!r.5. C-i UU

'.-\:..,y' jtir- ,St*J La;t ua:;", hr.Uy ly. j url,r. ,it--t;u...rttiiU 15bl L.,'l

RZ Jlg,o Glo.rl*o .ssls,ti.:Jb t-t"
,*:l,t rl.r;L-rt( I rtbulrtp tr gt-lt.,rKi rc.,.lJi *t 6lst;i;11, .7i;l'l

's92 
gj+ts,-j 9t51 tal L;IJ k +, tr ,*.r ,r1LiT dl.* *

P. M. Andersou, Anatytis of Fattlted Powq Syilems,Iowa State Uuiver-
sity Press, Ames lowa, 1973.



YAV o,lu;,, ;tia- ugtadtait

ii3, tr) J31a,. r:"rl ;(-, nf;U-r* rlfiJ>, (r t*f;- LqjbJK Ja-|.r.,i, 15.qt1

.;f1H -b; 3tJr "rs "1,-t,1 rf*;L_r= (f r $.,1.-
sjilr;3.tJ,i oL-fJt"a;l;t*n J5 .,ilJ. I 6L-;* L-H" ik*^ Q *rLiT c;lrl
O;t:fra;l .J,- y cr.""lli, e[ J,1; di.JlJra, aC -]kI;,] t^rl 5i:, 15 ri.;Ta, ,,!9.r1;-
iL^! ;r t t V^Lxsin (of J- a) *lke ! jkl3 ;5i; rl .t*:f a73; cJrr.re(.r c,1ti

.$f,r, ;^.i s3)ot 4:-, JlJ, aS*;i3l: jtJ:Ejl$l fi r,.,, .J.i\ :*c 3HJ JLel
st? lr - J-Ife.U crLl tl - di- Jt^pl ;lK:^A, j ).i\rite *rlL:1 I GJr, 3V1r?l
)y-j c-.lr qrl{tJ -ll,ri" ,n.r_2f 

L.lr *,_lJ:, 1 )l;.1 3 ,{l .**l ,i.." d.(5:):tri..-&
:rrjqr, a:Xg;y-) ttu)3eAt J:il,,i:: il 5L,.,*-l nf ,t rS:* & r$tr

I/*u* sin (u:rf a) - Ri+L!!
dt

(r-1")

jl ,:--! ,r-;Lc aJ :t- ;-t g-t,

. V*,
, =-lii fsin (orf o'-A]*e-RttL sin (a-d)l (r-r.)

..:"-l fsp-\(r;flR) 1:lt 0 r y'Rt+(6rt)t 6;U,,12'1.rT.rrqf
rtL> 6y-9) .Jif,r. t*; bl,) l-, uf sro s3L*' (y-X ") il 5[- iL-;.1 jl
c,-,:titi lI--;--l "-lrtrct' ;tlg LIR qs,"Lj,:,*ti L .rrt-' s2Lt1 _t r;-1i,;9t-e
RZ -ll'tr;r.r[r7 c;t t" -rl.r*i" ls *-3:^* i1^o.5-9;,,r. oJ^.1'dl iJ> dC '.Jj,
t- " iLA _:.: U'L c,Jt- il.- jti.r{|.J,:rL'*, - oJj erl.: J t"t :U j ngljlr, -
l*t eL)ttlsj- oLr* *(-r* b)3 U r3;.r,raU g-t, -lr dC'oiJ j, suil; io
a-0:" l,)l;,31t3 g3. j{";it uEl&i;:.: ;a^ft a,f-rp<r-e;.*f t"i.;l *if
![r7 r.rlr*;; r!-lo ){,; .*,:"lr Jnl--,'iJ"-, dC'd.7 r53) r;*t d-0=7I,L-
), r*1{)? | .J-rr.r. olu ,a-0 = o qgljlt (f-i ") AJ)[- &t Jtj 2t'24 sslt
jf to dc 'eil 3a 4) c< a-0 - + rT lr trrtb )d s et-..1(.l ;r 6trLi;
Jfu .u-t sur^y i,il3, 1l.rr. y--;{lr r,l ,, tf +)lr.ral:r l-l:3- .rrl{l .rla;,
.1ls,L:e2 Air ..la:,rr u.rLL' a -0- *nly Ur.! J) sl,),---1ls isL-.f .y-lo
il *--l ,(- dc 'aA]" sl;i. c-rlJ. gl-,; ?'-:i) r,{If;:-, ft(ln .1, jtJ-r .glrLJ
oJle-a t't eJt- y dc 6tad!j. cjkl-r Jt^.cl iE-l sr.t5 14; V^^,llZll-; o

.t3i c.,-V1.-[f,.tL-r7 ,s>lt;c U' *;:lr uij t-, c-.){ol -t, l.g:t-..
l-fr1i'lr-r, blr*,:* )3;lri) )S Js-l 6:!-rr t^>.tua f-f s y-? ,-J.j'1t tt
t+,sT Ct,lt'J, csjLjr cslJ*,6-,. I ..r:fr. :K ;!5rf sr:LL;i";1,4. e.L- oVltt
!$ cb3f Jt "r 

l f t*a .lr e.r,; jf ; [r- ..ul.r, .r^lr; r,; k5; ) s o"gLb 6l2b



r-rt^jr, lr,-1: ct[rt olrrli; f-! oupi
-l: afs-B: -nlf 6ljln1 fi1 -,lu--1s
J t.r I j LJ.r . 6 : 12p- t (aI/4) *;lr.rf
Z."rsin(cor*a) c;rt- /:o J:o.r-)

.41

o.,r.ti r.gk r-;.. u.Jl .,iL:. yAA

,Jt"j-r, lr, -rr g[,-t,z ol--J t-1 o #&
.rf-r: <f s.-0:" crljlf 41 yl.r. :r
..r,iJ Lo I j L:i r .0 : f an- \ ( <oI/R) nr_.,1,
.i-l Vm.xsin(col#a) 65L^ y: o .15

JUrt gt*a c.rt15.r-kf3*t s r>,sli, ttL.jl cf€.-l rJL-rr 4 At$;- tjl j3
;sL-ia l;23 5jt t3vJa o.g LS,l+i9Ui tl,l.r>itS Jely' c;elli ju: eL- dkf U

.51ljf ,r, jt bbf &U.a 6r., st t-sT
e t\.i ryV;lT 6Gr*.rr jtiu .trrt Jt4il ;t ,IE 6t), ,*,,1 , ot; d.L-

t4y'Tjl .e.rl .rtLr;l 6;- f3ir gtK:rr tliUjl .r(- oL-r*jl e;k-6t-r, gtf
.F.j*l ir-> I yo erK-K-q o{ glu;,;L.gtrjtiJ) ori r^lrr dtAju, df
e)Je t^jti jUJ et" ,F tl 6rEWl; -Lli; .15 ottJf Jt"4rl cJ;;rl5 jti ,-ry:il
i\t tl 7g'i;13,r{1.,:-,1 c,:tii t^jUt, dc ce l.rif 'eil 3, t*b ,p\ .r-S Lt
.:.1Jal9; f-t o Jfu c))tptr. 6|)121 1)t l^jti.jt-J".rlr*r1,' .).,,,- ..,1,L t^jti

...ri.L'1f JL;l .1t2.r, ,ssr{;- )t;lri j J, .,7r gt.jr, lr, -5 u[.,,,7 olrr*-' f-t o JS
.n-l .u6 *.,;r.p cjU3-,,tL; 3.1[.2.: et--ri r:61.,r2 dc 6;l.r.if ^J;



YA1 O;ter" ;l'io,.9t6! La'l

Jl,^el r J ru, RL -rl-r, A;t )l;J5 Jl-cl ;t^" ,iJUt f-\ o t-t \-1. J(; L, E,

Jd, tt crlljl el,n..o -rr dc i;J '...1A)Lr.;t; l; bsr{;- 6.^:it^ €L-a, ot;rfJte;l
2t-.- e.ij ol;r{ Jt.a;l iE-l J) srljA -rK; :l; .o)s{:u,::iL tr.r-rlJ, rlrJ
.c--l ,^,2T otr-,= mmf jl u,il, r;t'.i;ag.ri-l rtT il er; J*:- s;- 2l ,:?2;;
r;.+5n, J5L,;1J..-t! e..-, ,*y\ alS\:;t'y-j tT,tlil, )>)il6:Lt> y -?s)*1st
Ltt,. t Jr5,r" c-t l;5ls ,a^.sT ;;{l: il ,r;t-; ;E ,isK ,Y-? ,F, Jr oJ.T

J* er^ iil:,.,J;.2t,'jl J^r: dc slsK "4;) j. Jb '\,.J",ti jl.r-i <;;t t,..:J [-e,

J1t.r,-"t. Ja)s. CJ ,s)2{;. r..jt" dl, 4;ln.ru -r5 ohSf ll.ail u;i9 .r.:*l if-\ o

J,t,,r. alaYr^;r+tsT,tL.ri ct[j,.l.l;rf [/ .J,t, u.:AKG, IJA -rKi:E U -uf.r,

n;lzl3s: e^.rti,ilaSc--l uil2s- 6-uf;-.1; srlsa r-rK; lt^i jl.,rt, 3l;lslrt)
.oJK Jal-.; -*,;rf e:.!,f.- +a;

'lJJr(i- g^;G 4;t6jtiff;3 oti9f-.JLai'l r.SQib.6 l-to
6)) )l .tiJlr c-^oal otJi ai--.-.1, oL-9f Jt-;l ;[r- L-t*.;; af .r1 tar:,ltt,

,i^tsr rfsi\*r\9t.9t6-;k(i-,r (J- 5))r.5t4*;k(i-,1 .Jiler1.r.i JrG f-t. J(r
sgtnjkl J gili^-[-" 6l .st ul jL n;l;{is af-lf,r. 6:sTsl,.-1;, o;t.;l l4;1 a, y-7
r4;Jt,.r,6.t; J.J ,i jl:!1a, r>,-i a,-{ )))ut;t6+, .t=,sl i\s+ 11 6lei\3tjl .,it,
,-rrtol t ,.;t;(i2r, l -1t!)) t-t39tslJ^ .:."Jti, r.lr-.1 4l7yf r:lcq .r-rl:jti -r)\:;l 1o"
(}t.alr-, ,-;k(i.r ) otl u:ilut,6rt-l .l 6l;^ta'2 e:.^o .rJ t^a,-l ;^- st,r- cdi

gt-3r';r oJ! o5 15;t:; ;t,r- cf c-;lstLtir, -t-l: i) o t-l; .Jf.r..;.1 [-5,rl3t
;tltuy. ct)3,car .rJ [^ail |rii tlrlr:,. cfc--l 6))il; )r\T otl-r. c\"-\ oJ(; .'Jt('

.*far. ;$
)J!); c-rlJi,,-11 I .c.^-Ut, ot;rf Jl.ail gt1 ,- i:,ls-rs4 il^ati ii-1o J(i;:
..ra)c/ 6,"a)4, lJ sl?.t;l l-1 Ut, olt){ Jlail ,112r- - lll - )i3,i)lJ;l to;r!of
,lErl ,sriU-,JI qg;t,.r, )ll 3,o\i-ef Jl4il ALA-rr rtl-ri 1tl 1i b)st o:;t, ,.:lee,

Xd s\)t $er(l* $J\i*) l--; seil_r; 31r:fl $-i\isl) .lll r,UL.rt,rr ,: fri;

,.r^:faolr^r,-j.slq Lf a, ,:I^K J*1 4;lr, *t

C. F. Wagner, "Machine Characteristics," in Central Station Engi-

neers of the Westinghouse Electric Corporation, Eleclrical Transrnission

and. Distribttion Relerence Booh, 4th ed., Chap. 6, pp. 145-194' East

Pittsburgh, Pa., 1964; and A. E. Fitzgerald, C. Kingsley, and A.

Kus]<o, Electric Machinery,3d ed., pp. 312-319, 479-492, McGraw-Hill
Book Company, New York, tgzt.
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.lial o*r tbi tosT .sT elf s{ i:; s.-r1li,)l .59.i,r. oJ-et,'

,b.;n, t{Jj J(,--.t:-sll. {L_ rl-t,-t cgiliss,.,t;4t,r- Cs" S{,;,,tx ,1 I

a{uil1r- .*ul sfi -rtl11 ,il^,11 g2o s5LrL;urye.tj-,115 tty cstr ia(J-;r,re
,tT ,.,*rt ob 2:l .1t o.lVov 9J,Tu"15g-rt.,a1 il^, l jro j-11,.!,ri j. j.).it
ttlSi jile J) JIJ? n;l-;*sel-- J[-;-.;y.i,rr oJ-L' l/'l r \;s(g\grs c--l
slrt XL .s-\)t S\)\3g*i\is!1r;el;.r!t- r-sl-rr [-1 \>s3g;\Si; .€,s,
,f | ,.:-l lErllV'l1tl1 t{6, -rKJt,.r, o)tcl!,r!t^a;ljlr*t e{613;l;r:.lT

-2ie )9=n, L ot1-r? u-lJ, s;)\, ibi; >r:" rL; -s-re J9l J(^- Ji- Jl ;ty ;).aV).
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Y 1 \ i,rU^. jtil- 6t6qttril

d.pti)t,rrLl- as'oA3, j3"1lsa, ;;ir{ rl,;J)J dc i;l}^)l b>r{ rL; -rro))ei tftl
€\ <Sl_t: X; ,sJel g\>s3, ti .r;\Sil .Jif,r, G-elt; l1 .r!t^a; I L:is )l et,
,3ol 2tl 1J)f u, JK tt,.r, ,;i+ld.-;; jti a-,rl [^.a;l Ltr) il t:'.o{ tsy;l;rlT

.lE,lllr,,l ro

6l ,2 e-{J; 1)ue ett.r*i -rt.t d;tral ;t^, t, )r [1 Jr or.;^rl,'cSt4*;k(i; 9lg;l2r>
..l;rf.r, dJ.e r.l"f.r. -rK-rtlisr g)2la ru;5.ll!+- .rl l,a'l 7t;5 )ln1', 6S:s;Ur:! T

vt-ft:l#
Ir,l:fr=L'ur!

Ir"l=;=trf|
Q;T;5 rf

l;1, ul,r-rij, -ll-ti. = lll
dciil3,s1.t, cl;ji 1sl'-.r- ,i j^ Jl$, - 11'l

fl6 iil3. s3* ,l2J{1s Al_i }J,,:ll;. -ll'l
ul ,L as.r*;- n;l;* I - f,,

ul .eb sl s 
j? n;l;{i s - y',

ul 2L 6l.sJ{ st) 6;E*i .s - y',

'lli,l.,"nl,:;111i;;i:::i^i;,'!,|=-tir,tou,oo

Eu\ 9s"J;9,:,s,bV.slta)liotso\ lsj{ ,,) s |stS r['1,1gt4,it,27 ef,rLlr;tK-,rr
.u:f,r. .-Ht;l C"! ll

..}K;rLilr;.;,>ul lfl ,.sUt.gt,r- 1l ,:^11;, rt.*l l1"l 6,lsi1 1s,;\.t:

.iaK i-,r3i -lilli.,.; d) q:i1 Y-? ;r,-r5 a(;(:- LsT.sT gt1-r-ril.rr 
"y1jt, 

.5,-l9a

.r;?2;,,ull.a;l Lsis )l 6t t>n)) ti"ti c1l4+.,,fi4J) ol.:,Ull )l;l 9;21 .rti:,..qL
erll rt;L slzJ?rl:J{rtsAl4;t,r-t^-t'.,4;l ,1l,qll ..i-ULq,.l ('dl,,-,,rotj jl
E, <!;tltcd jtJl [-, ,r! 15" ,-iL;^ c5t4-;l;(i-r .l:rltK! t-, lJ u,til ljtJ; crrti;

gtrl:r- su)J ls oJ^i-lt, ..rriL.lr l2Ji 6,t4:l [- oJ;,T u)*2 )s .ytsTn.at--rr
,) r-{

+-{lt 6sr;l.r;3 u\t.a;l ;t,r- 6^.; }ss,(O-t.) t-r (f-1,) qrtaalrt-

(r-r ")

(r-t "1

(o-r ")
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'u!..ttrrg ,r!t-,'lLri: lt(:^t, )rl);3F1.&r,rl Jt:;.u.it, ;eL.6T,9ta-;[53-1orlr.irL; s,-,-Li. n,Uf t €11 l, .r! l7;t csj).g 1::- e, ** y.1;.tgst 3Hs t, O+U
u-Jtr s.jlr,l ,?l .srT u. -.t*-4, ai *,2G, ;rJ 4;4lr; 617!^, *itrll .rr,rn

.)5.3ut os)ril tlJttt JJ"l2 s5>r. oli jf Jl*oilss)il);3 6lb)_ O_ )^;
)V u tr;|.23i;lr; ell jUr ft j)L ot ,stls,ls ssilr;j 95 t_to Jlr.-
lYtA kVcAoooo lq!fl lasr;lr; j.r.L. 

..;,1)Li. .j:lr:+ (O_\ o J*l ui.t-a [_y
,'i-l Zl d k'i cSt> ,-t cl:i-? -r-r,r .-,-;k(i t s \ytAkV ,to o o o ft[,{ r
,.;h(;-r t-r ly;A A,/*ty kV,V6ooo kVA u^l;r-;>lL C;tstt ts;. sro;l;
.,>-l ?? kV .,l l.arl Ltt )1 ,-):',cs2il,1ri;1ri c1itluJ. o_rL 3l:!s .<.,*l Z\o
612Jl t2) sL-rq, .:.ll-tr s-9>) u)>r?.1 [,r- [o.l3ilri j urrs.:--tJl, sl )3;i1ri-;11
se;Vl3i-;l.i ci;t:i jrt.,15 jGa- oU-efJt.arl eL feir gt*a* lt 13itr; j rt

..'.' k
vj 2i621\..t.:f-,ti:;l flooo kVA: i1 kV c9jiiti11s,,r l-r l,:- :J-

.c-rl 1l-,A kV ttl^j tl:i jls, jl:l t 6t+_

z1 s jl t j
__n [looo
)(4: o JYA 

--: 
otFVA (l'11-J:

foooo
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xi=
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!NooooJYA--
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o;V6 o {-st
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.l-l o Jt1^,,ti jl;.,21r3^i O-t-6 J'(.i
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:l9ilt 13i;l;i

dr-.lr

! P .lr -rtia- .rl t.a,'l .Ja:,r. .ltU s! t.arl jl ql, l: t4jb(i.l ;l:9r t7_1o 
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:!,.-l stl 1 Jt:"- C)l y 6tsK 1-tr-;t53.;

#H+:*='JYA pu
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l/F x tvtt' =\L70 A

.r-:tL:r -rl.r, 1t.al 1-.s5+, uK7-,9J'^:.*i c-r ti L;tr dr.Jt 6k*;t:!,;s onrf, I

LIJ;l 4;l tr. ) Ji ,^3 u, s'l .ri.ri-er,-gtao5.lJ>r J) YJ^ar t6;f -rlJr^ Jt- 4l [, JiJl)

6l-r1 t{ls;:3tr.gtg-il;Ki; uc;;l*, cY-y J-e-t> .Ji l.ri^ti:.+,}.t! tg:^-:1, jk;

rr.;t"(i; ,g-If-l t> J: .Jo:s. ra.-)a, ripl g)Y g;tl"rrt1 st)1 ),rl t..dl i^-t^,

-rKa1 oIrfJt,ail (sis;t(n.rrlJ;rl.rtr-,: 6:i aslstlasjysld.sr:t,r; j6tsJi 1t
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