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c::jo t oclo c"cr'.10 with tho dy'ncwic cirtbility off' a oyoton, 

oonoi ,': n3 of a cyrohronouo onortor connoctod to a oyno1ro-

nouc rotor through a tio-lino *► tho do-lino hnvin rooiotci co 

a t1 rcxotc neo. ho analysis Io oast ortonoion of tho 	-rcrot- 

i oz thoorj and oquaticza rolati ; direct and qucdrcturo azoo 

q:iantitioo are dorivod. 

Tho or 11 diop1aoot nto theory is introduocc to 1inoarico 

th Aon 1irVar oquctiono of tho oyoton. Tho charactoriotic 

cc u tiono of the oyototi aftor i1.nocia tion aro fomd out and 

otability icy chocked by Ke h l o- urai.ts criterion. ¶ho oyatcri 

eq° ~^ tiorio are arrcnod in tho proper form, to be ropr000ntac] 

IT, a ci©^oi-»loop oyston. yquiot criterion Ia then applied 
to c :-,ccrtnin the otability of the tyotoaa for different oparat 

inc con i tioiio. 



.r"lo t tcc: tho direct r Bio cfthc cn& .ronmo rci::._ O voor 
r z the ifrect oic ortI r rt  ozcw ro c  in c'cr. 

f 4 frc uocoo, oo1cr,/cc. (50 c/o t roue i cut) 
C&) 	r c ua ~j'','Or :"cc. 

It 

tor-lo 

opo ciro:tit: tr . Lra1 volt o t norml c?cod « 
p 	tir.. - da. .v wive o,or.  tOr. 

roto-, ru. Z10 In -icet- .cti. r^u 	-W 
otoz' 	; i ° viti. 

Q 	ayr""tom v©1tG ;0. 

a' 1b 4c p? ::o curont. 

t iI1C3tO Qxroat C.. ,d qu dre turn auto cc cr.onto3 
ro ,qc tivc1j. 

ga .v 1• IC* (:? rmt1 cnt^ currno 

..' 	tot; Y.. 	$....:t uz'c L..4 	 'Vui 1  ; 	Vcc p.u. 

row oti iC1iflr) , I :ZLC3 i P.U. 

.r.'►~ Lwo JCi1 ' livb1i»..o Cza -e ' 20 n r,;.u. 

~ ~ 7 	it x` cc cr"~r. U.r ?CI y .,T toth, dire rzl n 
f1 1 	..it ..*.ia th 	dr 	 'ro{wu+:++r 
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N 	icipc&'nto oporntoz ro1ctintj tho q.'3 i3 m taro fly 

G 	a 000rntor zo1r tin ilio cl—D~io t rr tutu linkaQoo With tho 
x-=10 fiolt —o roitritloza volt o of tho gonorc ;ori. 

or~orotor ro1c t$n tho tI—agio Drtrxtuzo 1in!tc joo cath tho 
6— crib fiold o~roitation voltaco of thoL'zcitor. 
(—cmic tr .noicnt abort—circuit tico constant o1 tho 
L nobino. 

id 	0-►zio Dut tr noiont chort—oirouit tiro conotamt of 
tho "whin. 

2d a 	s d-r io tr oicnt opon"oircuit t1m Conotant. 
4 

c?. .o to cubt moiont opon-oircuit tico conatrnt. 
0 

l--orio trnnoiont short'-oircuit tiro conotc mt of tho 
Lcitor. 

D 

	

	yjototi c2arining, including of foot of &nor circuitu. 

2ho cuffin 91' at da for tho Gonorator and ouffiz "2° 

otcin , o for tho rrrio:.roncuo motor through out. 



Ci P4 I. 
i~Yr~tl1~1111W~pY ~i~~ 

0 

INl,►11'8D C I0iJ„ 



The irportanco of po~ror oyatoo otability dodo not ros uiro 
any introuo pion. 1io problc3 to co11 iotm to tho >1cotrical 
-1,n ;s.ncarc. `:jhh tho trod of Czid 3yatoro at volta oa of 400hV 
'sit abovoo it io to be o ootoQ that locdinj po,.or factor opordt.. 
lonc of oynohrcnouo gonoratoro u -dor hilly loaded ccnr?itiono 
bccc oo incroaoingly eif'fioult to avoid0 • ith Gonoratoro unit 
oiie iroroaoing, loco of tabilit in Dnp nubccouont Gynario 
ro ,ion of operation of any one r_^ehh1no b000zoo core co3 ouo problon. 

Greater reliance to therofore, to placed on toll c ooienad control 
oyoton ctioh eztond the oporatin =grin of ot^nility. 

It to cioll knoin that by the incluolon of voltavo ro(ulatcr 
equip nto the unit of otablo op 'ration of the oynchronouo c^chino 
can be aztondod to the "d.ync!z:tic Wont' of apration0 and a nunbor 
of authoritative paporc€ 	~ 4 ~ 6°7) have boon publichod d000rib- 
inZ thoorotic1 and coriputor-- acoi.otod invooti ;ationo into the 
rninto anco of otability in that oono 

Uoocorlo 9} invootiJat o t1', oIfoet of individual altotnator 
3L tore end controllor conotanta on the dynamics otability licit 

(1.o. the oteady otato otubility halt of the controlled alternator) 
and tho crnticun oporatin coedit' -on for various roGulatoro and 
:;ovornoro are eatabUehod. 

he steady atato otabllity g) 3irdt of oync onauo altornat-
ern ©cn bo r:atlifiod by controliin3 rrl --ziowor torque and the field 
volts -o. r'ho :toady otato otabiliti Ur it of a controlled nitor-
nt,o ° io f ofincd. thoro no dynnric otability unit. ¶ bio halt icy 

cce?inod larrcly by the focdbacI iroaotoru by the = ovol noro and 
continue is actin; ro ilatoro. Very irmortont alto are tho alto. 

5 
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natoro charactoriotico, tho load and the oyotom to which the altor. 
nator la connected. 

In the recent ycaro particular attention baa boon focunced 

on the dynanic licit of loadinj poor factor oporation follo:rine 
the trondo o ' rodorn poor ayatoQo. 'rho offooto of coveral typoo 
of load oyoton on the dynnn c limit of an alternator havo boon 
inveotigatod in coca recent pub1icationo(7 8) conoidorin6 tho 
loo in; povor factor. ro{3ion. In particulars the inproveriont that 
can be achieved by uoin, fact continuouo output.voltapjo roaul.ator 
kaac boon the opocific intoroat. Tho offooto of zona of the foed-
back parunotoro introduced by roeul.atorc has boon diacuc8od for a 
fetr typical machin©o operating at unity poror factor' ) and the 
rethod invootigating the conbinod offoctn o"' govornoro and control 
of the alternator field of citation have boon invootigatod in 
coparato paporaj 

r7asser10 'q) conoludoo that the oporutiono of an iternator 

under dynamic condition in Bettor for cachinoc r1th lc:7 per-unit 
inortia conotant and largo field lino cenotant; own ;oto in altor-
nator it oUancoo aloe affoot the dynamic otability unit and havo 
to be allctd for any Conorai 1nvootiCation. Iii .or opoodo ieprovo 
rtabilitg end crit& Increaning output ratin~o f t they tiro co. pnzod 
on n. ;for.-unit b oiod otability ID is rovod. 

The voat rocont approach to otudy the otability liziit Ia 
forr,.rdcd by Govt 1 and Lau zton '~ 	the firat one boinn the 
oortr;1cal oonatraction of thq, otability lints of nynchronouo 

r b:iz oo c T the x ocond one bointj the catrix analyaio. A oir110 
cocr etrica . cciiQtrcction on a °Cama~city chart" of rchino Ia ucod 
to X31 arlay the operating liritc. 



tfue ^o rho frogl*oncy reaponao cotI od erin bo avoided, and b ► zona 
of r trio r1(;orct, a cot of Go iora1 oa-offiaionto rclntcd to tho 
rill is amn I:Iof'ron Lnd Phillip{ 10,) conFitrmtr, to clorivod, 
allo o coril men irodonco torn r3 to be inoludod in tho ano1yoio. A 
oirmlo cltor nativo in cooping r_ith r odo a oyotono cnalyoio is to 
fort lrr, o the lincarico4 problouo, nor in tart►.o of non linos r 
diffora::tic1 ogiationo, but in torzo of Jincrriood dif Cr©utial 
og11 sticDo. It to the inv eoti,ation of the lnt tar c pproneh ucir~ 
rctrin 31 obr , vhioh io follotrod there, with they bhoic oquationo 
ootnblivhod, iinuor v3riouo oiroumr t moon. 

In thio thooio, the outhor toaslo c ith the problon of stability 
of a cy-:c .ronous onorctor connected to a oynchronouo motor throu h 
a do line. tho tie line having induct co cn+ rootatanco nd the 
influence of foot acting autorrntic voltago regulator on the oyoton 
stability to t i:on 1rto conoids ction in pcartiaulnr. 

ho cyr.t n o ur tions ore doduocd cncurai , the tic-.lino react. 
once nd rcA a co to be inolutlod oc loeicago valuoo of the synch-• 
ronuo rotor. In the Initial onalyuia of the problon, the author 
tr :c a the rorY~a of cc nc ord a„ 	) and Tui opad,2 oy ;2) an uidi 
ciorkto but mo 'voiC ed all aoaunptiono.. Tho oyatoca oqur tiono are 
dcdncocl roi- .tiny ''iract end quadraturo =io 	quontltioo coocidor- 
ing; tho effect of voltage regulator.. 

=he c. it diaplcoe nt thoory{ ¢} to applied and the otability 
of the cynton io initially dotor .nod by applying c th' o critar3. J3) 
S'ho an-alyoia to brood on the frog t=oncy roziponco r thcd of tz ayoLo!i 
o1 u .4i*rno m 	 ot1 by Aid rod an l aok 	 and Concord'-ta~ 

I'hocuthl o oritorlan door- toi provido C:ith the t' r4An of 

o tL b? li ft or unCta ility of the oyatcc, r nd to rz sort. in the Iir...,it 



of stability, the general eyntem torque equation io roprocented by 

a clocod-lo° p eyotem(4)  and the stability is aocertnined by Uyquiot-

Criterion. The effect of damper windinge is neglected but the 

system equations take care of all other factors#  such as armature 

rooirtaneee and tie-line resistance, etc. 

FQ 
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t.,LT,Lfs .. 0 	: 	 Od+.i ( 1 l 1st •. s!y V1rw.+• _,L+<+. . '~  

49L' 	 IL..) r• 

L czc,ivo vmrl Lao bccn c cr o on tho rLaiyoi3 of the d of +a.-
nem t I.iro, co for. rat bI1chcd "orr jo alco ti~oro, for tho 
,cc^l~r^in of tho intot ocrincotiono of a n. .Tor of ,: cl n•z. 'tonco, 
i t. i a coir„ tho author hac analycct a orno1ironcuo oncrator 
coroctcI to a cynckroncuo cotor t. conch a do lincg "':, c c+ 11vto 

4nc tho rotiotonoo and irc1uotcnoo. Thr antic Pnclyaic lis 
brtcod upon the 	aotion thoory of cyncronouo toii1no413) 

1Ô tro cohtnoo, Connected airootly by a tiou►lino aro,, hc:-o 'or, 

acc'zaoO to bo ideal, a aofinod by Penh 4 

ho rolutiono boron tho volta oo and curronto of tho tt;o 

r ohinoo aro r. nlycod rolatin to tho di et t.tt. quo 1inturo 
a oc o1 tho to coe noc. hoC c ircno aonortor tmd tho 
cy ;0,,•r0n040 rotor no tionotod ar cochino I nd c.^ ..Tine II for 
all further nrlyoio. Tho phacor aiare 	th moat to d crd 
C-^ id are chcr- in fipj.2.2. .tom initial moo-: ation of an to cf 

ca 	=Tcod riot-: moa tbo trio diroct..aoo of tho rc . oo, oral 
O r iac3`- 0 ' 	"7 cc 0 co con o io of tho two r=ohinoo. UGro, 

the en 'rcn a i~'oit~o of rrtcbi o 11 411 bo ozjraod in 
Jc o o:' ` I z c---C ro I.. 

^.o Grew 'tie .o ocna1lj ulil cly Zor ourrcno, vo n a.a 
cn'? f i.z coo. 



C 

W7 

oL/gNT/T/E'S IN TERMS OP D 9 A.)5. 

SYIV C H12O N 0L15 

P/G, 21 
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iio torninc 1 voltcso rol"tlono +Z'0, 

°c1 
	g 002 

°b9 	° °b2 	 .. t 	... 	(2.1) 

0 01 	0 002 

'ho craturo ou nt .'rlati.ono aro- 

.. 	 .. . 

Ib1 	° 	'T2 	 ... 	... 	(2.2) 

'she an-lo 	icriot io nr phot 	In tho ?ia.:jo.2.2w 

01 	e3(~0 492 	0*S  4.. (2.3) 

iio foUo:ir~; ro1nUono oro vo11 !mo tins. 

a id COb 4 - 	.q Sin 49 + i ? 

.b 	= Ia Coc(-120°) iq Ztn(0 -1200) +10 (2.4) 

X10 	a 1d Coo( 	12O° )..iq Lin(0 +120") 0 .0 

.r.:.' ? cr1y for tho VO1 agoc- 

0a 	a cd Coo 0-- 0q 	in0+00 
ob 	a cad Cot (Q •-1200 ) - oq Ziu(O -- 120°) + o(2.5) 
Oc 	° od Coo(Q +1200) 	aq ~tn 	+ 120°) + oo 

7ro: th.v abovo ccu 	co (2.1), (2.2)p (2.:), (2.4) a t1. 

(.25); all tho ourrcn a ant! volt 	oo of =chino 11 cn bo 
o rocc In toro of tho t cht c I rr d tho 	.co-vcz^a. id 
tho follc rli T Coto o crm t:Ur r3 :'?ro of tatno'' $ 



041 a O2 Coy ;„ o,2 Lin Se 
..f  •ao  (2.6) 

°ql a — °I2 " So 4 OQ2 Coo S. 

Q€~2 ° °cl4 CO3 Qq, Vin £ 
qor  •a.  (2.6) 

°q2 	moi van S,+ o Coo co 

d1 a — : l2 Coag, 	q2 k'in J. 
•e*a 	ra• 	(2.Gb) 

(12 t 1.2 in do — I q2 Coo Sc 

tnd 
Id2 a 	Co do + IQ j ..fl S'e 

tq.2 	,dl +✓.6.n J0 — Iql Coo Olc 

Iloro, ^mci,vOcioflc7i11 bo found out for tho1 crn4 c 
ccs onon, to of the cunt flc i In tho yctoz. 

c !tnc l thi i`- 

a ['a Coo 'b COO(Q -9 °)+i+Cac+12O°)1  
(2.7) 

1,a4 [g am yin 0. q_in(O--92o°)+i0 it ( *120°) 

Tho la cd Iq of tho abovo z'o1 tionv cho a th thug thy' 
bo ro ;^ 1oti co pro Jootio .o of tho c nitu& m of oat ob, Oat 
lb,, io - OT Ulc rU ally perpendicularO }nGIOUICr d&root On 	Ci2a tUrO Q I0a 
for tho t;o rciünoov if Pa# 0b Oc oto. O plottoa 11On 

t1 co oqui11y res:^+cod o, b, o Sao cc on o tho to trthinoo. 

:* ^ ti r wz° o or.aoi oquc ticmio(13) for tho oitb r 

1,3 

rnehi 'too. 



ed = e. Sin J0 
P yid 	!) ''q 	rid 	... 	... 	(2.8) 

eq =em Cao&" 

p Iq + 1) Y'd riq 	... 	.., 	(2.9) 

where, 

	

v =P(Coe- }a coo -pc... 	... 	(2.10) 

In the ote g-state, 

p r 00 	1y 

then for either machinee, 

Xq iq - rid 	 ... 	.,. 	2.11 

eq ='*d -'f'd 

	

... 	.12 

There, 

r is the arinaturo reciotanee. 
Then from eructiene (6), it is Found,, 

r9' 191 r dl ` zt 2 ig2COedo+(E2 Z i )sin do 

	

2d2 C+ e~,- Z2ig2 Sin do 	(2.13) 

and 

'I 	d1 d1 .. r i _.. Zq iq2 ' n So+{ Ll-ad21d2) a°e £ 

	

#r2td2 Cin i. -r21g2 Co oro 	(2.14) 

now, substituting the o w tiooav (6o) in the above two 

14 



ouvicrã, i' to 

'" 'Q4 ca ~-~~ 1 0oJ3 	Coo £ +132;:i 

.  Coo £e+ ,alt in d.)Cin 	CooS,o 

tql 4 In }Goo do— t~-16 ~ J4Cco  . )tin c. 

i'aI (~,r14- nQ2 ;nth 1.00 f -nl2 Cafl£. 31n£.-F2 + 00 jo -r2 1n L )~ 

(2.15) 

- 31 1d1 "'r1ig1 ` aq2 (Il+ , in 4.o ..j Cook) inS. * Coz + 

a 2(i'41Coo *-ig1CinS.) COOS' s 2̀(: dl +dogJ.. 

iC► 1 • d0 )Un J0 h 	C1nJ 8'L iCo3£0 )cooJ 

. 1(s 1+nt2 ' 	 d2 COt2Jtq1 	 Ciz% GOOJo ter, — 

a :n Cc n d,-ora Co. 23.,W X132 Coo cin 

ogle 	(2,16) 

+f ~. _. 	ek
e

_ 

2c4 	cL36'I — 	Coy do 

ori` 	: 3r J; 	( es 	_,c~_. 	2} 
(2.97) 

Q'~ 	2 	2 	Co 2J) 

15 
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• 	 "" 	iQ d•"" 	Stn do 

dl Xd+ 	O2, f.j2c2 Cog 2 o +(r1+r2sq 02 JinJ 

... (2,18) 
•here, 

Bnr1 +r2 Cot►2J«. -4 —-°'-3in2So 

	

The above two emtionn give tho ox 	nionn for currents 

and theoo are similar to the e u c ti o derived by C.conoorclia(20) 



IR 

	

i 	C 	{i:-1. ')  

	

~iG F ~11Ir~~` ~~i0i~/1~~11 i. ~___ .._ —• aYr~ri' __ _' _ `~ 	 _ 	 - 

3. • ♦ 	 Lt 	JAY 

r oC4Y-~ctoto ctbili 	4 a c n. w a oa 
tZio Vis'" iciII otctzy :Xon '' 	Lc: tc ' a toz crii c r'r, i t; .t!cut fcl1i j  

out o ortcrozicti. Shia lit ccn bo 2o1 o ori=mtc1lg bb 
lc li 13 tIIo n1tc3fl1tor, itCrOoirz tho loci in cll top, 
until it b car..00 unotablo. r 3o:ciccily, tho load otopo 

coal bo 	nitoctc1lt i3ill to avoid tzaiiont curbncor 
bicb obcouo ' ho E'o Luf f s 

pro ic!t actinpj ioitajo ro,,ulcvar oii m oro co the a xbi- 
? 1ty licit of a cyotoo i s a r. 11 diccuc~cd cub jcat. Ki eLPO 
cd C om(^6) otr0000d tbo nota of c u o atio tuicIt ca tii ; volts o 

ro latoro to icarovo the otcan —:ataio otabiiity licit. :, SSCco 
dice ooiono 0 cua. otion roioolod bo rood of the voltctp  

xo l3 tOr to icpro a the o nbilitj lit t, tut, i opor r. U to . t 

c. • not notic d to for4ato the e uip=nt In ocT3tiroticn with 
the Other ac-mGnOnto of the ^baton. 

i.:: Loi', In n 	.,a 2. pa or, CGiaorziIa(9) ac.-roiatod the 
volc. o roL lator ca Gio tit he fim2a o el c ►oton orgmUon.o. 
o rout :o aeco to itortnt ac~icluoiono thh:t a properly tiocI and 
vo I : ,o rc lator crn : oroace the otoatly o unto o ya i .i ty licit 
a ` a ,r'noii c ouo p hit no by a ccnoi or blo cao nt. In the 2rd  

02 Dic 	It r,CO c2ioct .- cd tI*_o nA bilitr of a cntoc 

(a r zncsator bcin oc ort to oync rcncuc rotor) nn or the 
i 2 ' enco of autc~a io vo.t o 	l~14+ rM . Ic Tian cb. zn th t 
r 4 poor a 	r_ 	C2fl to iroroaez 	3 5O t.t tih the qu_- cI ratIv j 
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R 

~3 S Ei... rt 2 	{}LL,. i 	_.~ iii ~s''►L!a...r~ 	a,wi _ ~~:.. 

3.1.  

o co r- otnto o bi1izjr 1"t of en alt ator 
otoc V j nd tI 	ccrntor crn Cam rithcut f~Utn; 

out o:' aynobraziicn. X'kdo limit cm bo fortl ozporit.oz ta11y b 

lc : in tQ 31tc ator, lrcrc of .;j t 1cc 1 in c11 ctap, 
until It hcooro unotablo. CIi; o c ez:. ,, tho load ctopo 

ld bo fi ooii 1l1 rel to ovoid, trr. c~icnt dic rb cc 

. hlc i obcCuDo tho z-oeultas 

ho gniok actin vol f co a C tel;ttoo o^n inoror.co tho otabi . 
Sit Unit of a oyotco 10 a c11 dicoucod cubjeot. 	.c..cork0 
r i C 	(26) otroccoci tho good of cu to.:. Uc tz1ctt coUir.t, volth o 
r^,,,ulrctorc to Provo tho atc —: r Wo otabilit limit. ' tic co 
dicoucclono 0 cu otioric rovooloO tho nood of tho volta; o 
oulator to itpoo tho ot b2lit? 11c.tp bit, !:sopor cttort 

c-:? not notiocd to fo :4 cto tho cquip:.: nt 1z oc:utovici :1th 
tho otLor occ,ononto of the r atan. 

!- :tor, in a ¶.rr—nc-,• p^*, ccn- coI "' a(l) of role.vod tho 

volt;c o ro ulc' c co * .t t:.t_i tio x :b 	a a , o cton o.tiaio. 
o r-at%cr c r to in,otcnt c clzuoiono tI t o proporl.,y exctnod 

Volo rc_ 4S a.ato. r c 17 it oi'ouco tho a ;oatly olt to c ati1 . y l i1 .4 

of a c,/Mc! z oiouo 	1 no qty a ccoi orciblo cz ct nt. In ho 2I 
01 b.tC rcY-Or It COr: c?iccU d tho rtabil1tp of a cynton- 

( CLn,,rctor boin conr.cc z vo a cmo 'cncuc t otor) un(or t 
* ei.co of cu c--, — U10 V i/i 1 V o o l~: lo.+r : • E`- Z 	, i 	 th_ it 

c po- r unit  c= to irozoco 1J5j 1501rith thor ..oL roti 



volt o rocu1^tor. Zogo^^ib10 Cain in o.. r U.'1 w for tt o 
^c .inoo to co ciCorablj rc itor thrm for ci la 	b}no 

co oetc. to cn infinito ~bo. 

..L.o <„1vi!. —..1cnc of tr"..nciont ^ct xicoo bot .ocn Co o” .cr- 

:?icO ci. Zc~.r I othoo ( ' .v; ; co rotor ci 	ncr^tor) coo 

little H... forcnco, but if t10 field tico con tanto of fro ot1!or. 
vAco oir-11r robiztcc cro diffcxront, tho 	in pa4:or lir..t In 
obtcirxd if tho "ioid of o c.chino t th c l .or Uro c or.: cat 
is r , ,l'Y . 

r z.? vcr. ra it tor, tics crto nut aorff ca* corn 2} trice to 
uoti2r tho uco of an crrtlo ro lc ar in con jwtotion t!itI on 

cute- o rolth o ro,,ul for to ic!►rovo the ctor otcUSlity. £ 
c! : O rc;.=lc to. to i. ofinod ty t e c u' har co 	 to cjr ohro.. 

ncao c2ubdno0 c r a roLpllator that vnrioo tho r nr ::.ia oacit ition 
voltc o in C)vfl :o to cY- r-oc 1.z the cr'fio rpt c x t10 rotor 
intorpoio z. io r fl tho of cctivo cya toc volt r o co r..c to tone 

to rc3'toro to itio13y rot cr lo. 

.to inotT . oonclucianc o2 that 'I^por to t . t thu 6naio 
tion c, thi rn:.,3o cr a voltatjo rc ,Ulctoro rcrr iso rycton othbi-R 

lity lint co o 	tto1ly oc,+ tvcic1t, co t t1`otz offooto on 
t t bility lit..It on by ro or zo ;oloto.r crin by t. - 3o prc otically 
i  o 	o. mho z:eoi of c10 cu1tor ocn rot bo thoru  
?oro Cc .or c trt.tcG on 	ais of tcbiltty roq iiro....:..ntc. 

Xn tho no ~. 1 coo- tion of o nne rcnono c;czo for ovcr itc 
la =? rrr^n , it to tactor 	iruocd,, it -;occ hly ccci 
riblo card olcoot rccoc. 	to r:^intr..in olo r, .''icr load crj10 
couot3! t. 

Iy 



t► t1io' Jioranco in rorfo r:^nco over the 10^:.d -M3, 10 le 

,--r-tirg .' : !  .o itoi o 7 - c tho 7olt , drop or a 

act morin 	CO20 in rocpa r,O to p :;Qr 	int or cgotm c 	oo 

• the Otti','Dl 1 Licit Ic croaeIoa. 

ry c 'rt!. 	zoh 	In a papor atctoo tint than mirij 
t th " 	..3 OX! 1 f°I GCV flOi rLl, o~ .tivc fat Q 'bcok 

c !c I rc ioc° rf i tho t orr to " Get to lo= cQ boyci ito 

z 	L;t :3; ► : t3 to at i1 tj 1Irit i ito 1o1 rn; o cy 
i: e- cr co ^: t the x o .. 	"'$ f 

st- over cuz-OOaUt3tO or the dyr.. .c otnb2 city 	7;o 

Ic to ooto G ; . ' 	4Q * :1 	o,o'tIoa1 to th>syncs rou000 

rcac Utcnoc or' tb ni tc ntor, thin api lien ^:r is  iciry to the 
otixlitlon L,.hc the o2 to 1 rQ at co ao to ecI1 i Luc t! io 

abi1i vJ licit .t 2cnt cor yitueuc re f;11aticrn c' . be rotievoa 
enly by rc ictr; ate Vic! r z cuo or.cttcco "_mac involvoc on  

I ire co it 	ice of ~ sic tohino, crit , a cenci , oroblo 
:.:3:? c "'o iz i o ecit. 

. !ciii yrs; a , n CZTttIZCUO1y I OtIWJ rC 3atOI' , o rpencivo q.t 
Coro t- tr l;r p f.Ct3 cm be avoir a # r dish rc sueco the ovoi 

all cot - £ Cc rrl, the cthbXlit r ron;3c of a czaW.0 caa be 
inoro~.cc.4 by 5O .1OO 	 ĥ sen viii. mia of e.-p re,,-c.lQto.iLc* c ca 

'or a pcior frctc c-, lc cc 0.3. 

n2co ;pro-.c l t .t tlto eta 	.MO  

: tr' I1I y ? idit lo iqrovci br .,tc vol — Q rc ,-'.3^tor co` icn; 
u ii1c the t ::icnt c ; : hiiity iirit it, not c fcc c c-Qh. 
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SCHEME OF A VOLTAGE REGULATOP 

C BLOCK IJ/AGRAM ) . 

I(R+J)c 

k j 	 _ hz 
1,T,O 	 ~I + rd_P 

C 	F1 	c f 	J i- ! 

V 

A -  

G = G£lv£I2 1TO1 

l7 = PEED - 9ACk , 

F'/G. 3.1 

£a +~ V 



It troato the Pion oS load currant as tho dioturbancoo as 

ahoc7n on th~ block-dia -an. 

`rho reforonco volta,o io takon aa constant, 

8 

1 irp 	I 	P 

IL 
a 

+r 	AV Ui 	 a.Q 	 (3.1) 

for the atoady-otate condition- 

Ea = rr ATh, WI 	'_ 	 •1a 	 ias 	 (3.2) 

.'. %T o amplification •fc otor io defined aa- 

IL1 t ~y 	 ..__________r_• . • 	 • •.• 	(3 .3 

In the procoeo of tho analytical analyoio in thio thesis, 

the author found it difficult to ascertain the value of tho 

feed-back ,fain h rithout proper experimentation. Ofcouroo, the 
oth©r factors can be formulated 0 realistic data can be selected. 

Goncox iia(9) in his investigation of to machine stability 
has drarn a series of graph botioen the poor angle and the 

amplification factor. The most suitable value for "a" is 

betvioen -1 to -35 and the ra d m, poorer limit is obtained at 

a = - 2.5. 

Here, in this analytical analysis the valueo for the acpli-

fixation factor Ic selected as a a -2.5. 



ho rem *? for io roci onoivo to tlio cI^.nIoo In tcarcifOl 

vol t ;moo t .n vol wow ct cj opco$Piod point on tho nyctoi 
Lt'_: on tho ficic2 voltc oo of t tho tiynohro2lcLw L*~oh1no• Tho 
x o -Ac or Intmduoo© a oh ngo in tho fiold voltv-so uc a function 
©f tho crirjo In r^, itudo of tho for iw 1 volt o oa. 

.°« AE zs C )Loa 	 0*0 	 ..• (3.4) 

.Ci 	Q; 	 Oi V 	 • 0O (3•5)  

and ( ) 	z- iich In root A M. to oorational 
o rocoion for t action of tho a o ulato ^rnd door not havo 
ti 1C3. 

1fforont1zi zj (3,5) ciitb rocpcct to q4 a off , 

Q 	od atd o' .o 	... 

thoro, o ,= —'2 . S o' a  
00 

« o L2es C(p). 	0~ o 04 4 oo 

eg=1d pJz'I 	►«s o  

0.0 (3.G) 
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A IP MLL DI  4CCit 11EOEY 

4.1 m ITT I:O~TJC'~. ~• s 

T,go a tnbilit7 of eynchrOnoUQ m. ohinoo nano boon otudiod by 

or.' oro Salto air3b.nr1t(22) anti c y(26) tiith the help of oQuci 

a criterion. In that mothad9 the povor angio oharacte iotio 

Is dr:ty n cithor with conotant fiold flue linkojo or oonatcrj 

volta.Tv bohind the tranoiont rocetanco. Tho limit of stability 

10 fcrxnd by a purely eoototriecl method, i oo. oquatin3 the acool. 

crntina Cd rotor ing onorgioo. `2rho nothod icy Good for firot fov 

ov7ineo l later on, duo to the field docroacont, thy; porror zrnalo 

choraotoriotio is clrflLJod and it io not poosiblo to accortain 

ottability. t=oroovor ooiio paradozical reculto are aloo obtainod, 

i.o. trruwiont stability limit to mater than steadyyotato 

stability linit(22) 'Aien vozy, Kort cloarin times are used, the 

transient stability limits calculatod on the basin of constant 

Yield flux (oonotant volta o behind the trrnoiont roactanco) rte' 

.von onceed the otoady otato U .:it with the faulted circ it 

awitchod auto oalc:latod on the hacio of constant field current 

(conotant volta;o bohind vattzrhtod oynchronouo reactance) of value. 

determined tho profault condition. This in poroiblo beoauco the 

tr'noiont roactanco of the oync ,̀ronouo maciino to considerably boo 

than the saturated oynoLronouo roactanooes 

toter.-days, the method of oz ll 000illationo to coinzonly ucod 

in stability otudioo. Tho wall dioplacomont of motion of the 

cachinea to obtained by aocuninj that each variable char o by a 

vory cell a :cunt during any tranoiont dioturbanco. It to roll 

tto n that a cynchroaouo caching to anaboGoouo to a mace dcrpor 

cr rind; oyotoo. ko email occilIntion boor r4 94} o fectivoly Q11— 

ninntoc tho non—linear tormc in tho oc'uationo F:hich othorvico, to 

25 



a ncn—linoar .ifferontial equation of higher order. 

The initial otoady otato conditiono are denoted by a cuffi= 

t o'. 1 ct , -,ally , the otall dioplacor3nt theory, initially doccribod by 
Porix(14) in relation to synchronous c chino and to organico them 

into correct f n a for roprecontating by a cl000d-loop system. 

Initial values are found out fir^t and then o .11 dioplaco-

aento are applied to the oquntiono of the voltages & torquoom 

he a(dition of damper c ind.ngo may be may not have an effect 
on stability nhon a vol•' age regulator is usod~ °6) Since it appears 
that damping created by voltage regulators action and subsidiary 

food—baoko my cioll r utteigh any damping introduced by amortiosour 
trindings . iho voltaga regulator actions and the system load makes 
the oyaton to behave alnoot as a critically dampod. Thus in thio 
analysis, the damper riinding is not considered whish reduces the 
further complication in the othoraioo, tedious & camplicatcd charas•» 

torictic equation of the system studied. 

° 	•. $e o r ll displacement oquntlono are derived and stability 
may nam'bo tooted by any of the oritonion.flinco it is rall kno7n, 

duo to Lyapounofél2) that a non—linear :proton bo studied after 

linoarising an that-- 
#. If the resulting linear ^yø em is stable, the original 

system is also stable, and 

2. if the resulting ayoton is unstable, the original system 
in unotablo. 

4.2. i:.C..1 	1~1~L t : la 3S .. 

Por a salient polo oynobroncuo ixcbino0 the voltage oquationo 
iii the absence of ooro-ooquenco torn for balanced operation cro as 
follo-ys: 

Lb 



TNS 5T£'1bY STP7E VECTOh3 D/AG2AM F'OR THE 
_ - 	 1 20 

syNCHRONaUS MHCHINFS . 

POWER F'ACT'OR 6 (LAGGING ) 

td 

D- AX/S 

i Ok' THE G£NE12HTO1Z 

, 7/G. -*•1 

NOr rO Scgth 



M/C 11 

= 125  10 L1 . 

o•7 plu . 

NOT TO 5C/)LE 

((xd- )c) 
I 

yi 	.  :d x 	1E' 

axis 

D - ax/s 

PIG. 2 .v/1ASOF2 D/f)Gl2A 	OFA TtiE SYN 
MOTOR ( 5 7 FADyS7AT ) AT A LAGGING 	g 

M/C/ 	066~ j,ZP•!1 CZ /+7o 

Ow -O 
Xat = t 25~.0 	 xd2 

x0, 	_ •7/2.a 	 xez 



rs 0 Sin j 

Og aren Cooa 

	

~ 4~ 1~~ +e ~c' i 	 ... 	... (462) 

Tho c uantitieo referred to the oynchroncuo rotor of the 
oyoton under cozicidorod aro denoted by puffin '2', hence, the 

voltnjoo of the cynchroncuo rotor are ao follotos 

* d2 	q2 ` r2 'd2 	... 	. e. (4.3) 

eq2 a g' ~'q2 	d2 £2ig2 	... 	•0O  (4.4 ) 

crhorc, ) p (rt.d) 	... 

Ac all tho flux linkage rolationo and all the rotor, circuit 

volta. o rolationo era linearo the ecauntiono can be c,ritton in the 
operational forte ao follorin:— 

	

= 6(D)af — id "d(p) 	 000 	... (406) 

~q=—=q(p) tc1 	 a.. 	... ( 7) 
C.horo a 47 01 ti — 	 ... 	 •r• (4,0)  

Z¼(p)'.. 	. «. (4.9) 0 "q(p) 	nQ 	... {4.9'0) 
p d0 

Putting the vnluo o of the oc unti ono (4.6) and (4.7) in the 
oauu:'tiono (4.1) rnd. (4,2), the volta o oquationo of the o;: ncilro-
ncuo rotor are-► 

od2 2 PG2(p) 0f2 ` P1d2 gd2(p) ¢ nQ2(p)$g27'2142 	o e0 (4.19) 

°q2 '~ Zc2(p)i 2 ¢ (02(p)o2 1'id2ud2(p)) 	2~ 2 a (4.12) 



t Ith 	 to S 01(1 t 13 tho oroe(1y 

atra vi .. ~, na ° ° ~: w ;~ w o mac . ° a ° cubcorip onsi- 

	

a 'c 	2(~) v s2 - V212() A¼2'° 'g2tp)6'4' 4 

	

$q2() 1ca2,"ti.. F
2 4 ,d2 	.. a 	too (4.13) 

A. 0q2 %e -iziS0 A 

ct _ ' llg2()A:, !2 + v° °2(i) A22 + a2() fl2 4 U- 

"l~a2tp) 	d2( ,) :l 	 ' . V2 '&a 	... t4.14) 

co uoncorci.ia(1) 3n n analyaia of a ti1ij of t.- :o L CL ifloc 

cor nootod thhrc i i'i L1 Wio lino, t00 L not ?cod tho of:cot of Vol. -ago 

ro iintor action in both :ho aI1.tnoo. In hio dicouccicrnc and 
0nalyuio of ocbilit l.it. t ° to 3uoti 'icc that ono volts o 
,o a.2ctor 3o aruct11y Cool fro' tho point of vic:,7 of otobility 
liDit, IrOD "iia is ort nt info cncoe horo in thio onciyoio, 
tho cu ;kor v7i1i uco c~nly ono ro ,ulator in tho cyton. ho 
en tiro amnlycio °z o 1 cot1 on tho uco of en r to too iroita o  

	

ro3u1c1tOr 	o cieztor tcii Inc.i oily. 

	

":Ilio 	oa tf:at tho torzo -• 

7 2(p) 6r2 = a 

	

a 	02tp) 1, 112 = p 

In tho or-i- 4ioizo (4.93) cnt3 (4.14). hna tho atovo to ocjuntiono 

& O ° ° D "(12(p) o' 12 • 90 Zg2(p) '6  q2 "  

0 # 0  ... ( . 5 ) 

©'r 2 •' 	 c!2()) '1q2 .' 	}2t n24' — VO Xd2(p)4 '+ 2` 
, 's t !? 	 ... 	 ...  
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4`^ l c; r: zc' riC O Opc d io cn.ntainc6 con. 	th 'o- ;: 

q~ 	,~ Aver — e ~ 	 (4.6)  

ho OcwiticnO (2.66) and (2.Gc) of 
c1rpto4 2, 1ho 00 TcZ ;, oqurt .onc nro ObtCinOd- 

D ©(12 = A 1 Coo ~' o c- ° Ø:  ;in &o —(od, Cin d 00q1 Coo d,) e s 

000 	 001{ (4.17) 

© °q2 is ! ogl Oln S Q +a OqJ COLI & 0 +(O(11CO3 S o 0ql  

0•O 	 ..  

"d2  .0 A i , Coos. + eig1 ink.+(,,~ L inS0+l11 Co a £.) 4d (4.1 

` i&i fl -sin c — &Iql Coo cia —Ui (Oc S 07i(l, Sin SQ)  
0#0  000 (4.20) 

i:c t, no oout tion (4.17), (4.10), (4.19) o (4.20) a 
cu.b i ^u t cz1 in the oquaU ono (4.1)) and (4.is)  tho fo1l4:1nrj 
Cqu , aiO2o ^ro obtoinod 

dot" 9'era cf0 —A Gq ~ It `S0 = (&Iill ConJ0mi Iq 	t ( d°"  
in dc *igi0°f3 £a )z p EQ2()~`~~ (Aid, W:in d 0+4 q,,~Coo Sc 3 

7'Q xg2(fl) — (i'al Coo J.— $q1 Sin db) VO $q2(z) c (-»:`Q'~ Sin& — 
Iql Cay &) tg2(p) 9 A— '2 	Ai 1 Coon +oi,, Cm J. ) + 

C3(11 sin d° + iql cons. ) 4S +(o Sin c 'cbog0 Con 1o) AS 
*00 	. 0.. 

FRoary nm1 ; 3.z ""ho tcrr vT'lo cTunticn i"o urit om cc — 



° ai Cs) cL —aogl Lan dU 

M 1 llt2(y) (A :`c19 Coo du .p. &iql Coy 4co )— QOIg2(p) 

(4 1 	2.n L 4 Iql Coo S )a 2(. A1d' Coo So c► a iql -Ins. )c 

C" n02(p) 	i ``ado 	.q1 Cosy L) o c 0 ng2(p) ( -- 

Qa : a JV ) "q2() ' (j ` j cC+ ~ql Coo  

Iql 

 

Coo da ) 	 0q1 Coo d.) ] a J. 	... (4.22) 

,.r ii 'lY for thL cru tion (4.19) 

A 0., 	'q1 Coo f,, 

c A 002 '0• tpai Co0 dos* Oql "i 3 do) 4 d 

3̀ "q2(p) LL\ `+~'9 in do + .ql Coy £ Dg2(p) (ia1Coo J 

nd,) oS .. ~2(p) 2 Ad' n0 "l2(p) \4 .4, Doo — 

Aigi 	a 11+ 2(p) (i4 UindL .q, Coo do) A$ + 

2tp , t'~c g Coo d" + ql Gj do }~d ~►~2 ~~~ ~ ~s do 

4 ,ql COO — (i Coo k —lql .x in de 4d-I —(O al Coo £ — 

0q1 in do) Q s 
	

*a.  Qs. (3.23) 

tho 'orcr Q t~ oquncion crn be c ritton no — 

&0(11 :.n L 	& oo,~ Coo o 

c2() 	~ 	 ,nS. "+' a- .., Cola cfb )+ t?oz 2(p)(ItalOooJ( 

.qq d,, )~r2, t,& I., L .nd0 +4Iq Coo~'a )+ \P q2() 

tad, Coo ~a — »ql :3n ~~ )-p G2 r)£2 — 174 -%2(p) (i(11 	c~ 

Iql _= S0 )— (o Coo £— oal Lin d° )~ 	Qi (4.24) 
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L3 ,off"' Ufit p tbo t02 12O 02 t13 C" hifo I .o Givcn by 

~2 A q1 	 .00  000 (4.26) 

tc•-'0 r cnlcoifl; ;IIo V31Uor) o:' doi d t 09 f'ra3 'Io 

oquc1io - 
1,aol 	L 1 — Ildl Idlo 	

Go& 	 aura (4.27) 

gq1 x,402 	 04• 	•..  (4-223) 

tho3mcro nta1 for uo o,±ur t1oz Ic obtoinod co — 

A ll '° '~ +Q09Qig1 +1.1401 kG(,?) a "O1 - 1141 (P) 4 ldl~- '-Yv 	U `° 

i4 -n~4 { ►} a g9 + u1p2 i' a1 	G e , 	... (4.29) 

I t s ?oyfclnC A I3 Zaa tho oru i (3.?) of oh g o 3 
anti roarrenZin3 tho f rt o to our tion roducoo to — 

t21 c ~►9~~ {~)a~ t~ ~o a o 	oq 40gl ) — I *qOi 	tI (p)igO ] x 

d 	 0 	Z 	.q1 rllp2a8I 	Q.a (4.30) 

Ao tho olco triol torquo of tho two tchinoo arc equal arid 
oppoolto (aa tho c iinoa of a 	ratio cro 	ucad) and if thoro 
arc no a ^c1aniccl dacpi no c l` cine in ci ,ptor 3 tho cccolorat-- 
ice; torcUoo ty be ocwnode 

v r,2 &01 a — 23121\02 

Ce rt &S 	 000  
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Thoreforog tho ul timto inoroar ontal torquo oquatio-n in- 

L21 a 	(p)139 (p) (od a°G1 + o . d°qi ) - ~*4iO di (p) 'q1 n 

$d? V4J GO tGOl ql (p)'1 a :lql + NOp2 A 6 	... (4.32) 

Hoc7 the incroarnntn1 voltnao oquatic o of tchino I can be 

tint con oimil.nr to oquationo (4.15) and (4.16).• 

A ado 0 -p a1I(p) Q$d' ' Vio~g1(p) 11 "ql(p) igi1' 

n9 4idl + P 01(p) 'Q 131 

cad A oq9 a 'p lg2(p)Q1 $ '001(p) 4 a1 .. p 0t(p)3  

L6 
	$dI(p)ldl P4'— rt 

ql 	 w.• 	 ♦.. (4.34) 

Uow ioplacing 4 El from the equation (3•?) of chapter 3 the 
uoltotje oqur:tiono are obtained au. 

A 0 	mP dI (P) Gl m̀oo q1(p) A 2.t4 `n$1(p)1g1'°d t̀el 

1(,)C9(p}( o eodl "r o d o& 	... 	b.. 

A 041 = -P L49(p) atgi + nOGi(p) l(p) (off A089 +0*d0gl) .. 

4149 + t() i61P4 r9 22"g1 
*be  ... (4.35o) 

lo:i9 ciritin tho oc+uatioim (4G30), (4.22), (4.24), (4.34), 
(4.35x) in tha itnir fornq it ire obtained that:- 
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The determinant of the characteristic matrix is the character-

ictic equation of the system. The determinant Is a five by five 

one and each factor contains a number of terns. The expansion of 

the characteristic equation becomes very complicated and lengthy. 

So, the characteristic equation is left at this stage for the 

general case. The characteristic equations,, ofcouroo, rri11 be 

found out in the succeeding calculations for different operating 

conditions of the system. 

4.3« EA'L CALCULA1IpiiS FOR DTT 	'N OPRWi U CONDI 'IO S TO 
CALCI LitT `Hi► ChAKAC~,.E IS`.aC E• U. TIt HS.. 

The following characteristic machine and system constantg25) 

have been selected for the analysis of the analytical system. 

FOR THE MSACHIN" 1 	 FOR THE L1ACHINE 

"dt4 	~t 1.25 p.u. 	 X82 . = 1.25 p.u. 

xql •s 0.7 p.u. C12 = 0.7 p.u. 

r, a 0.01 p.0 • r2 = 0.01 p.u. 

T#O1 	4 secs. 
	 4 sees. 

T11 = 1.5 secs. 	 T 1 C 1.5 secs. 

Hi 	= 5.3 p,u. 	 H2 	= 5.`3 p.u. 

	

9 50c/a. 	 f2 =50c/e. 

zo 0.2 p«u.p ie a 0.066 p.u. 

T= 1 sees. 0 wo =1 

The external resistances rQ and the external reactanco ae 

r7hich are due to the tie--line are included in the machine 2 for 
all calculations. These values are assumed to bo the leakage 

values of the machine nunber 2. 



Excepting the condition of operation = 0, the expansion 

of the characteristic dctorminanta are not ehornn in this chapter 

as it becomes very lengthy and complicated« Rorrever, all the 

cases of expansion have been ehorrn in theAppendix for references. 

he expansion of the characteristic determinant of equation 

(4.36) is shown hero by denoting the terms of the determinant by 

aeries of terms ^..n shown belori=— 

D E .t 	A 8 G 

d e a b c 

di e1 a9 b1 ci 

d2  e2  a2  

d3  03  a3  b3  03  

•.. (4,37) 

The oupanoion of equation (4.37) gives the characteristic 

equation. 

The expansion is shorn on the next page. 

3' 

=p 



The characteristic equation is *- 
D e ta1(b2c -b3c2) - b1(e2c3 - *302) + c1(a2b3 - b2~e3) A 
D a Ce1(b2c3'c2b,) - b(  .2o3 - c2e3) + c1 (.2b3 - b2e3) 

D b 	e1(s2e,-o2*,) - a1(e2e3 .' °2°3) + a1 {*2*, - 0302 ) 

D a t(a2b3 	*2b3) aI(e2b3 . b2e,) + b1(e2*3 - s2e3) 

I d tai (b2o "b3c2 ). - b1( 	c,, - *3Q2) + 01 (a2b3 - b2 	) I 

I a Cdi (b2c,"b3c2) " b1(d2oç  c243) + c1(d2b3 - b2d3) 

I b [d1 (mVr 	2) .. rI (4203 + c1(d2 3 
B c~d, 	(a2b, 	3b2) - *1(42b3 - d3b2) + bl{d2a3 - d3a2) 1. 
A d 	el (b2oçc2b3) - b1(e2c3 " e3c2) + o1(e2b3 - •3b2) 
A e td1(b2oçc2b3) - b1(d2c3 - c24,) + c1(d2b3 - d'3b2) 

A b Sd1(e2a,-e,c2) - e1(d2c, - d3c2) + 01(d2e, - d3e2) 
A a Ld1(e2bç b2e3) - e1(d2b3 - b243) + b1 (42e3 " e2d3) 
B d [e1(&2c~a,02) - *1(020, - e3c2) + °1(#2* *3a2)1 
B e I dl ('2°3-e c2) - al (42°3 ` d3°2) + c, (t.e 	- a2d3)1 
Ba d1(e2e,-c2e3) - e1{420, - d3c2) + 01(d2e, - d3e2) 
Bo jdl(e2ara2e3) " e1(d2a3 - d3s2) + a1(d2e3 - d362)l 

Cd t e,1(a2b3 -b2a3) .. a1(e2b3 - b2e3) + b1(e2*3 - a2e3 )1 

Ce jd! (a2b3-b2a3) al (d2b3 - b2d,) + b1 (d29, 
Ca [dj(o2b3~mb2*3) - e1 (d2b3 - d3b2) + b1(d2e3 
Cb Idj(e2a3-a2e3) ` a1(d2a3 - d3*2) + al (d2e3 - d3s2) J 

-o 

s 
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{tJo-.1o^. 	GQ.0 zyjc~tor~} . 

j • _  1.►/ S+.t J, 	A 

{} 2 	4 `POLIO 

c 1.5/2 p.u. , 	Ct 1.5/2 path 

do ct 0 

ho above vlu 	co ac; uc^d to bo at no -10 d coition 0:' 
th4 oy'otoF2o 

o a 	. 	+ 1.45) 	.5(1.45, — .9) 	Z 1o5/2  
1.5J2(.`+69) 

cs 	i.7 	.1o175 — .215 — 1.6 

1.075 	1.875 , 

tt Q 

tql 	0 

toi 	b .5 ~/2 	c3 2.12 'qo1 in 

01101 	2.12 C?d~}g cs 0 

o I, 	2.12 p.u. 

• A01 	q CO 
uQ 	2.65 

E ° i7 x~, 	t3 0.0168 	rl ou o 

i.l+. l;Q UThr 

0a 	Q0 , 	aM•0,1, a, 	0 

62 	9 a 	cif 0 



2nd Column-. 

d0 . 8 
*2 ' "p+1 p+i ` ' 

A _ 0 P 

4p2 + 5p +3.5 
(4p+1)(p+1) 

1.65 + 24118 p amp 	p ~ 1 	+.t76 

a 

a . fr r (1*45p+2ol8p2**296p+*076) 

	

a- 4 	(2.18p2 +1.746p  + .076) 

a : ,I OAS.r + ..?-.,.1 	. a - 4 	1.87p2 + 1.3p + .01 

~rA ie~ 	+ t.aI U 

3" 4p+1 

4Th C *2usari- 

B *2.12 	b1 a0.9p +.0076 

b u -0.9 	b2 a 0.7, 	b,. -(0.7p + .01) 

51h C21MM 

C . 0.0168 p2 

o = 	a 1.413 

212 	2.12P 

cr 
03 * .~ ~4- 12*/ 



i1 

a 
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ri 
Q 0 o Q 

Q tt a 0 0 

AL 
Q a tCL 

C3 9 ~► 	~t O ~,+ 

o a 

QO 

Cd a 

a X01 ,Q. p A 

i a 

Q 
O q L. 

2. 

a. O. ~.. 

a 

~1 Q N o 

i 

1o p p o~ Q 
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The characteristic equation is 

2.12 [_ (4p2 + 5p+1)' (1.87p2 + 1.3p + .01) r 2.12pi '(2.17p+i .45) 

2.5p x 2.12p -2.12p 2.5p (1•87p + 1.25) - (4p2 +5p +3.5)z 

(1.87p2 + t .3p + .©1)' 1- 2.12 (2.18p2 + 1.746p + .O76) ~(4p2+5p+1) 

2.12p .• 2.12p (4p2 + 5p + 3.5)j\ + 2.12(5.62p + 1.413) \C4p2 +5p+1)r 

(1.87p + 1.25) + (2.17p + 1.45) (4p2 + 5p + 3.5)}(O,.672p3+.0168p2)x 

(2.18p2 +1.746p + .076)[(4p2 + 5p+1)(.7p + •O1)+(.9p+.076) s 

(4p2 + 5p +3.5)1 + (.0672p3 + .0168p2) x .9 ~ (4p2 +5p +1) z 

(1.87p +1.25)+(2.17p + 1.45) (4p2 + 5p +3.5)  - 0 

or 

2.12 (-12.08 p3 - 8.47p2 + .053p •0212)+ 5.30p(4.62p2 +3.73p + 

.161) ++(1.2p + 2.99) (16.16p3 + 31p2 +22.97p + 6.325)+(0.146p5 + 

.144p4 + .08p3 + .0013p2)(6.4p3 + 8.344p2 + 4.28p + .366) + 

(.0605p3 + .015 p2) (16.16 p3 + 31p2 + 22.97p + 6.325) _ 

or 

0.935p8 + 2.134p7 + 2.3111,6 + 3.462pp + 21.862p4 + 84.963p3 + 

122.095p2 + 77.165p + 18.855 a 0 



[ 
d 66.70 

As- 



The voltage regulator put at the generator end does the 

full load coapeneation, when it delivers, power at the motor and 

with the working power factor 0.8 (lagging) and the voltage and 

current at the motor terminal is 1 p.u. 

02 aI+30 	1Iii: 

. 0.8 - 3.6 

referring to fig.4.3- 

Eg1 *62 +i ire +iZgl) 

ic 1 + jo + (.8 — j.6) (0.076 + 3 0.9) 

• 1 + .0608 + .54 +3 (.72 - .0456 ) 

a 1.6008 + 3 .6744 

a 1.74 ,A 22-7* 
i Sin 22.7° w I x .3859 * •3859 

referring to fig.4.1- 
g 	EQ1 + (Xd1 -» -lgl) 

1.74 + (1.25 - .7) x *3859 

1.74 + .55 x .3859 

a 1.74 + .212 

For the motor ~► 
I a f ,oL-36 ,*.. _ .8 -• 3.6 

referring to fig.4.2.. 
q2 " e2 " i (r2 + 3 xq2) 

SS 

 

I + jO - (.8 w j.6) (.01 + 3.7) 

46 



a I = .008- .42- 3(•56 + .006) 

u I - .428 - j.554 

• •572 - 3.554 
082 /- £4.0"~ 

when figures 4.1 & 4.2 are super imposed 

	

22.7 + 44.0 
	$12 !2.$in44.7' 

• 66.?• 
 a 0.7034 

2 ,~ EQ2 - id2 (3d2 zQ2) 

• 0.82 - 0.7034 (.55) 

a 0.82 - .386 

= 0.484 p.u. 

TA 

 

OE  TING CC1 D2TIONS - (Full-load) 

KACIHINES I 
	

ACHIWE I= 

ltd 	i .5g 2 P.u. 	 002 ss 	p.u. 

-12 	1.95 / p.u. 	 a 0.432 	p.11. 
SON 66.7° 

Qa3.nu1 &tens of ou i t - 
A -0.7 + 1.175 + •275 x .6871 a 1.875 + • 189 a 2.064 

B :.01 - .070 s .6871 .275 x .7266 a .0423-.2-O.2423 

2.76 «- .226 + .298 

idles 1.25+1.175 -1.89-(.076+.252)x ©.1175 

2,192 _ - 	 i2.1Q2 

	

" 2.425 - .228 	~` 	2.197 "` •32 p.11. 

47 



.397 +1.32 x(.076 +.2) 
q1 	.7 + 1.175+.189 - 

	

.397 + •364 	.761 
2.064 	" 2.8 4 " 0.368 g.u. 

'd01 aI1," 2d1 tdOl 
	

~q01 an -Xq1 ig01 

a / X 1.952 - 1.25 x 1.32 	. 0.7z .368 
x2.78-1.65 	 a —.2576 

a 1.13 

egol a 1.13 - .00368 	 *dOl 0 •2576 •* .0132 

	

1.126 	: 0.2444 

	

6401 a ad01 + "x$01 " / 1.25 + •06 	/1.31 *1.145 

e 1 a d 	0.214 	e'1 - 	*0.981 
101 	 Q01 

H R 	5.3 x 5,3 
IP ` 1+c - 	10.6 	X2.69 

1 2 

' a 	W. 0.0168 p.u. 

181 Co1umn  
-0.197 

D .368 4+ x f - x .214 a (4p+1 )(+p) 

da-Goy 0 x_0.3795 
-.535p -4  p =. 

(4p +1)+i) 
0.535 

d3  - (4p+1 )(p+1 )  
2nc! Cnlu 

_ -0.904 
4 (p+1y 

*In - 0.3795 

d1 --Sin 0 * - .9184 
 (4/ +5.535p+1) 

4t p+1)(p+1) 

e • .0184 



-2.448 p  _(4p2 + 5p + 3.448) 

e2 " 	4p+1)(p+1) 	' 3 	 (4p+1)(1+p)  

A w - (-0.2578 + +-1 	x .368 ) 

C, .. (m1.03p •- .2576 + .46 + .688p 

* 4 	(-.343p + .202 ) 

a g 4~p
+_~ D x,.826+,.022 

a 	1 .55p + .825p2 - 3.391,- *848) 

w 4p44 (.8251,2 - 2.84p -- 4.848) 

a1 = .826p + ..... 51: I 2cP + .0699 

a 4p+ (3.311,2 + .826p +e55 +,825p +.w28p +.o?) 

1 - (3,31p2 + 1.931p + ..62) 

 3. 4 	p _ .01 a al- (1.25p+1.87p2+.04p +.oi ) 

:  1 (1.871,2 + 1.29p + .41) 

1 . +.1 „ _ 	4p41. 

B = (1.13 + .916) a 2.046 

,341-.87 
4p+1 

(1.33p + 2.001,2 + 1.645p + • 411) # 

-# 1 .(21,2 + 2.981, + .411) 

bi= .341p   - i .' 3+ 4 .ODp + .022 
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(1.365p2 +.341p p - 1.330 ••2.0+0 +.022) 

*  . (1.3782 - 1.66p . 1.31) 

b2 * 0.7 

b3 * - p0.7 - .01, ow (0.70 + .01) 

o  .0175p2 

0 4 +- 2 ~P (1.225 +.1;9) - 0.9 (.514 - .338) + 

.+9p (1.225 + .130) - .076 z 1.364 + 1.143 .24 

* P .97p+t 
	- .158 + p 1.1227 - .1035 + 1.383 

( - 1.97p « 2.96p2 + 4.5p2 + l .123p+4.$4p+1.212) 

4 T (1.54P2 + 3.953P + 1.2) 

c 	p z.9 (.500..338) +p tt F+ 2. I M r (-X0.162) 
.376 (0.162) -P ' ~" ,. b4 , 2.j3P x 1.364 

-pz.146+ 235. ' 2 +.0123-'~4  

ph 	

P~ 1 	 4p+i 	41 1 

(.584p2 +.1460 -.235p.-.35202 +.049p +.0123.  
1.97 •-2.97p -.432p) 

4 	(O.232p2 *• 3.207p - 1.96) 

c2 = - .258p 

~ ,_p l o 	+ 1.665 1+ Z.48F2 
I~* 

a 24 (2.48p2 - .302p ) 
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OpLa ICi~111 11~ 	S 5 

(150S of riill loe. currant4 

At full to (l the ar to botcroon the notor and aonorator 

terminal Volt 

rofor ng to the ft a.4.3.- 

1 ? + $a + (.8 » j.G) (.066 + 3.2) 

0 1+ .0528+ .12+  J o I S— 3.0396 

rs 1.1720 + 3.081 

a 1.39 &! 

I s 1,5 pouo 	Oy 'L 	1.5 /,.A09° 

= 1.5 (.7559— 3.6547) ) 

= 1.134 .. 

The to nal Volt age o f t2io gcnorttor p I.e. the nr chino Flo.1 

io maintained at the rated full—load terminal voltao by the 

volta o regulator. The other voltngoo era colculatod with the 
generator terminal voltcvjot as the reference voltz c o 

0 0 0 a1 Q 1.39 p.uo 0 1.39 , ,..:.,, 

02001 -1 (ro + Zi a) 

m 1.39 - 30 — (1.134 — 3.98) (.066 + 30..2) 

= 1.39— .0815 .196 — 3.2268  + 3.0630  

a 1.39 W- #2775 — 3. 163  

= 1.1125 — 3 0.163 

Prom the otoa3y—®tote vecto 	tgrc fi8.4.2 



'g1ao2 +i(r2''3z2I 
1.113 -►0.163 + (1.134 — J.9e) (.076 + 30.9) 

a 

 

1.113 — 30.163 + .0862 + .882 +3(1.022 22 — .0745) 

= 2.051 + 3.948— 3.163 
a 2.051 + 3.785 • 2.2 

idl  * i San 20.9 - 1.5 x .3567 - •534 p.u. 

.. B,1  a Eq  + (Zdl Zqi ) idl i 

a 2.2 + 0.55 x .534 

2.2 + 0.294 	- 2..494 p.u. 

referring to the f'ig.4.2- 
B42 w*2 —f (r2 +3z 2) 

a 1.1105 - 30.163 - (1.2 - j.9)(.09-3.7) 

• 1.1125 — 30.163 — ..012 — .63-3.e4 + 3.009 

• 1.1125 — .642 — 31.03 + 3.009 

# 0.471 — 31.021 

w 1.14 .. 65.20 

td2  = i. Sin 65.2 a 1.5 x •9078 • 1.36 p.u. 
•' 4 	'42  — 1d2 ( 2 " Zq2 ) 

• 1.14 - 1.36 2 .55 
=1.14-.749 
= 0.391 p.u. 

when the two vector diagreas are per4apaeed— 

65.2 + 20.9 
:86.1 
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TH 0PPRATING CONDITIQIS (150% Full—load) rwmn.sww ~r~.~..awwn 
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MACHIN. I 
1.39 X\/2 p.u. 

E1 a 2.494 s /2 p.u. 

Q - 86.1' 

1mi1at1n 3 of  ;rr.nte e . 
A . 2.147, 
idin 1.635 p.u., 

MACHIN$ II 

o2 • 1.14 x j p.u. 

192 • 0.39 x12 p.u. 

B a —0.1028 
.3? p.u. 

d01" 1.50 	 q01 

of 01 1.496-• 	 'o41 0.243 

e801- 1.51 p.u. 	ed,~ as .161 p.u. 
evil= 0.99 P.U. 	I' 0.0168 p.11. 

Coluvne of the c1 aoteri.tic deter .nant- 
1 et ColuIM 

D (p+I3+p) 

d1.....9977 	
~...; t4i +5 402p t1 }„2 (4ps1)tpt1) 

(4p+1)(p+1) 

Co UM 

(p*1)p*1 

e1= --0.065, 
4 2 53,47) 
(4p+1 ) (1+p) 

o - 0.9977 
*2" .2.4?p... - 

(4p+i)(p+1) 



Colmin  
1 , - 4pi 	0.345p+ 0.20 } 

a a~3 (0.148p2 - 3.4687p - 0.892 ) 

~I 	4 ,1-(3.58Bp2 + 1.3486 p + .1744) 

I.87p2 +1.29p +.o1) 

` 
 4

p+ I.r 
4p+1 

couj. 
Ba 2.645 

b 	- 	( 2.17 p2 + 1.993p+0.137) 

(0.244p2 -2.088p -1.44) 

ba 0.79 	b3 - -(O.7' .01) 

~r 1nmn.- 

C-O.0168p2 

a a i f ( 2.37p2 + &.0' 66p + 1.744) 

01* 41 	( 1.488 ,2 - 3.452p - 2.42) 

o — 0.259p 
C, 	(3.06p2 - .454i) 
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(175 of fu11-10 s p.S. .0 ICE134 ~) 

i 3 1.75 -41 '_ 

0 1.75 (.75;' 	0.6547) 

1.323 1.323 - J 1.145 

ho for a1 vo1caao of the Conor tor, i.o* the rachino no.1 

10 nta Lnod at the read fu11..1od load to- al Erol t o by the 
vol ore Aaaor,  , jhe other Qo3.te o ro ca1cu1a'o t nth the 

nozator torniza1 roltatjoo ao the roforonco volts jo. 

01 = 1#39 p.u. ' t* 1,39 4a, 

rafarrinC to fig.4.3, 
02 = of . I(ro &3-n} 

= 1.39 + , 0- (1.323 ~- 31.145) (0.O66 + 30.2) 

= 1.39 - 0.087 - 3.264 * 30.075 - 0.229 

1.39 - 0.316 - 30.139 

1.074 - 30.909 

r, 

 

the otandy«O to :o phaco dicCrca  

qy 02 + ("o ¢ 3i) 

= 1.074 - 30.189 a (1,323 - JI-145)(.076 + 

1 G074 - 30.109 0.1 ¢ 31.19 -30.037+ 1.03 

c, 2.204 ¢ 31.19 - 3.276 
0 2.204 , 31.14 

2.38 

21 



:161 a I. in 22.E50 o 1.75 n *3827 

=0.67 
21 r3 13gl ' ~"-d1 	1q'i) €1 

~2d384.55z0.67 

c 2.36 0 .368 
2.748 p.u. 

roorznrj uo f'ig.4.2 

1.074 - 3.189 	(1.326 — 31.1455) (.01 o J{ *7) 

= 1.074 - 3.189 — .013 + 3.0114 — 3.923 

1.074— 39.117— •81 0 3.0114 

0 0.260 31.106 

rs 1.41 .76,80 

I Sin 76.0 

o 1.79" X .9735 = l e7 
* ° 	= 2',12 • 142 (:rte - 

Q 1.141-- 1.7 	.55 

c 1.141 - .935 

l.2t a .u. 

 
`.{ L.~.~ 	" ~ ► (175` S I' all 1c 4)' Ikr ) 	 r. ~it •.~.,.4r lM~. • y 

QII1 0 Ii. 	P.Us 	O 	1.03 IS v Vold• 
2, c 2.74Q VY P.u. 	U2 	020S k' /? f .0 w 
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Calculationo of curronto o o. 

.ark a 2.37 Pau* 
	 0.191 g.u. 

= 0.02 
	

Tgo9 tZ G133 g!i'3o 

0 09 = 0.822 	 adOl,m ►.157 p.u. 
0O1 D .895 p.u. 	 -09176 p.u. 

Q0, = .937 p.u. 	L = 0.0168 .u. 
¶orc of the different oclutma of tho oarcotoriotic 

do o inner :- 

1 p 1) 

= .869 

. tt 
~3 	4p¢9 MV 

d 	0* 1616 

( 4 -g p ) 

• 01 a 0.9616 

402 5 3 47 03 0 .. --(4 ' ga.. ) 

0 0 0.869 

°21i)(ff  

UQ 
A = 4 	- .176p •o- 0.116) 	

a 

a m- 4- 	( •352 3.7 	+.889) 
a1 0 4- (3.55 2 + £37p - .159) 

2 	- - I 	C 1.87,2 * 105P @01) 

3 a_ it% 	1 eL.,, 
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B •a 2.48, 
b : 4p+! (- .14 p2 . 1.13p + .07) 

bi _ *A  (.58p2 + 2.334p + 1.442) 

b2 zO.7 

(4.7p + .01) 

C 0.0168p2 
o - 4p~.f•t 4.072p2 + 5.362p + 1.62) 

( 5.408p2 + .1459 + 3.45) 

tt2 - 0.,134p 

03 a 	j+-i- 4.4p2 + 0.192p) 
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CHAPTER 5... 
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• 

Bnoica1ly tho dooirn of foci.-baok control oyoto a► ccn be 

ro r1od no a probioD of arrcx r o location of the chaructor-

io io oquation,, rooto in c *ch a =y that the cor oopondin orotcm 

till orforii according to the p ccribod opocificationa. A 

cyotofi to dofinod an otablo if the output z'ocpponeo to ii boondcd 

input dioturbenoo to finita. Thio inplioo that all the ooto of 

tho oharnctoriotio o ation cxot be located in the loft half of 

tho -plono. ! ooto . on tho right half of tho plcmo vivo rice to 

trcnoionto rihicb tondo to diivor o iron tho otoad otato, , cnd the 
proton caid to be unot blo. Thus the stability of a linear food-

b^ch control o rotor° to aX cc unic!uoly ctotor ainod by tI location 

of tho rooto of ito c&iraetoriotio equation. 

It to oetabliched that the prol'lon of aotorminin3 the 

atahility of n linear oyt3tom in cno of finding the rooto of the 

chraotorintic c q ^tion. Ho ovor for polyno.rinia of the 3rd 

cror or hirhor, the tack of fir:din ; the rooto is very todioua 

me tio„o conouninC. Renes, it to !ooirod that an alternate 

thud. be ucod, co that tho cycto stability on be dotorninod 

cr3 thaut cctually oolving for the rooto of the charactoriotic 
ogi*..E1tio, e 

,4r*ioco that the oh cctoriotto emotion of linear cyotoa 

la :rit ton in the Ccroral foss 

M 



pcV) a I + (3p) fl( ) 

..0 + 	 g -'. a 	C, 0 	(5.1) 
In oker that no rooto of tho 1aot oquaticn rifih poaltivo 

re13l partoD it in n000rny bul not c: fficiont tht- 

1) All tho omo ficion tci of thu po1noriil h^.vo the o zo  

cic ro. 

(2) mono of tho ot-of icicnto v nieb. 

The noraoocnry crx1 the cutfioiorit ooii1tion that all tbo 

rooto of m nth. o ?or polynom1a2 lie in the loft half of the  

P—plano ia that the polynotial °a HurrAts aotorninant cuo ► bo 
all poai ;ivo. 

5.3. Salm V.~*~'•R &-,:. VLJ A.2`i~4rt~id.1 i 1 Sik1 UP 	.J .IL1'.A, r t 

2ho ctharaotorjotjc ori tiono have boon cz31ouiatod for 
the fo17loii oa soo- 

1.  z:0 10311D 0 
2.  100" full lo 66.70 

3.  150 Pull 1oetl da t 8 • 1° 

4.  175 Pull iod 99.3° 

?ho Octailod ealoulationo hao boon obotn on the not 

poo. 



• 

The characteristic equation is- 

0.935p8  + 2.134p7  + 2.311 p6  + 3.46p5  + 21.862p4  +84.963p3+ 

122.095p2  + 77.165p + 18.855 a 0. ,.. 	.«. 	5.1) 

The Routh' a Array can be arranged as follows$ 

p8  0.935 2.311 21.862 122.095 18.855 

p' 	2.134 	3.462 	84.963 	77.165 	0 

p6  0.855 -15.062 89.695 .18.855 	0 

p5  40.862 -189.04 	30.365 	0 	0 

p4  -11.102 	89.06 	18.855 	0 	0 

p3  138.96 . 99.765 	0 	0 	0 

p2  -98.05 	18.855 	0 	0 

p1  73.065 	0 	0 	0 	0 

`here are changes of signs in the i of eoivan of the 
Routh's array. This states that the oyete* Is unstable 
at this operating condition. 

gage 2. 

La 66.70 
The characteristic equation is- 

13.04 p11 + 75.2 p1° + 2434.842 p9  + 12834.833p8+ 

30388.842p7  + 37605.746p6  + 29879.815p5  + 15032.370p4+ 

6331.482p3  + 1797.021 p2  + 294.663p + 21.097 a 0. 

(5.2) 

70 



?ho Rough° o Arroyo can bo ciritton ac - 

X11 13.04 2434 *042 30&.042 29 79.815 6331.48 294.66 

X10 	75.04 12834.333 37605,795 15032.370 1797O21 21.1 

v9 214.00 23389.842 27269.21 6019.2 291.8 0 

p3 4734.00 27055945 12914.5 1693.50 21.10 0 

p~T 22161.00 26634.35 5252.75 290.00 0 0  

21355.00 11793.0 1633.04 21.10 0 0 

P5 14480.00 4562.07 268.7 0 0 0 

5092.00 1249.00 P' 

 

21.10 0 0 0 

p3 . 972.00 207.00 0 0 0 0 

p2 169.00 21.10 0 0 0 0 

8 84.00 0 0 0 0 0 

"Llfro In no chmSe of piano on -a .l the forito on the 
firot eoluzn oro poritivoD hence0 tho 	 . 

S0 86.1 

Tho ehorcotoriotio Equation Ic- 

12.02 p91 ,p, 60.2 10 + 55162.364 9 + 24433.6p0 +484" 94p7+ 

5984p6 + 31197.6 + 9876.6p4 , 1422p3 4 58.6p2+10•5p+0.01 
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The Routh' * array can be arranged as 

73 

p1I 	20.544 6777.698 34276.9 

p10 	77.792 20108.566 3596.65 

P9 
 

1477.7 33331.9 2171.56 

P8 
 

18353.5 	3482.4 -11812.7 

P7 
 

33051.9 3121.156 792.6 

p6 1732,0 -12252.7 -3104.0 

P5 
 

26521.5 6710.6 -563.37 

p4 -12691.2 -3067.5 -37.07 

P 
	310.6 	-640.87 	0 

P2 
 

-29252.5 -37#07 	0 

FI 
	

-641.265 	0 	0 

928.44 -404.4 -646.6 

-11785.5 -3489.9 - 37.07 

4515.6 -636.95 0 

-3456.3 -37.07 0 

	

-633.88 	0 	0 

	

-37.07 	0 	0 

0 	0 	0 

0 	0 	0 

4 	0 	0 

0 	0 	0 

0 	0 	0 

The system is unstable and has three roots with real 

parts positive. 



Tho flouth°  a Army crn bo arcntjod co - 
p 12,02 5162.364 48494.0 311976.0 1422.0 10.5 

p10  60.2 244336 510'04.0 c876.6 58.6 0.01 

99  502.4 38144.0 29232.E 1410.3 10.5 0 

pa  16818.6 46164.0 9595.6 57.5 0.01 0 

p7  37576.0 27512.0 1419,3 10.48 0 0 

p6  33764.0 8955.16 44.56 0.01 0 0 

p5  17262.0 136803 10.45 0 0 0 

6293.0 25.06 0.01 0 0 0 

9 1353.0 4.53 0 0 0 0 

92  4.16 0.01 0 0 0 0 

1.28 0 0 0 0 0 

Thera to no ongo of cin is tho lot ooiur n, honco, the 
ovate 1 it oti blo. 

ao  * aj`3o3°  
`2.o chotorLatio oçuctIon Ic, 

20,544p1  77.792p10  + 6777.698p 0 20108.566p0  + 

34276.965p + 3596.635 	928445p Q 11705.4539 ` C, 

404.380 - 349.03p - 646.576p - 37.073 m 0. 
0S•  (5•4) 
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The Routh$ a array can be arranged as 

20.544 6777.698 3427609 - 	928.44 -404.4 -646.6 

p10  77.792 20108.566 3596.65 -11783.5 »3489.9 37.0? 

p9  1477.7 33331.9 2171.56 '515.6 -636.95 0 

p8  18353.5 3482.1 	-11812.7 -3456.3 -37.07 0 

p7  33051.9 3121.156 792.6 -633.88 0 0 

p6  1732*0 -12252.7 -3104.0 -37.07 0 0 

p3  26521.3 6710.6 -563.37 0 0 0 

p4  •-12691.2 -3067.5 -37.07 0 0 0 

p3  310.6 -640.87 0 0 0 0 

p2  29252.5 -37.07 0 0 0 0 

p1 -6419265 0 0 0 0 0 

The system3e unstable and has three roots with real 

parts positive. 
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Tho froouoncy rooponco ttho8 of dotorrdnina otability io 

a atop aborad of provicuo analytical work on olootrical oy oton 

in thio fiold. It io baood upon a riaorouo nnOlyoio of oyoton 

dynricov  both olootric3l and cochanicctl.in thio field#, tho 

oyaton to roalicod an a cl000d loop confit  uration anti them tho 

rryquiot criterion of otability to r pplied Uoaliaation too a 

cl000t-loop oyotoc to nocoaoarj as Coro form of 	to 

eeccntial for any oyotovi to be unottblo. A oicilo clued loop 

yotor ao soioto of ono min loop and ono footback logia 2ho co 
are otorri,ned after atudyina the aquatic ► of notion obtained 
from ona13 dioplaoomont thoory. 

The min advantouo of thio othod lioo v  not in boin5 able 

to tackle the pro ion oa.oily but in the foot that it provic?.00 

for rapid appreciation of the Offacto of codification of the 
cyotori equation. In the otubility otudioe cony ticoc, tho 

actual oolution to not as rch important uo tho' °hg and ho*-70  

of tho colution. Ao the do coo of otobility can be acoortainod 

and oleo the offoct of r edification it to cure that the rothcd 

r .I , be of Croat hole in the dooign of voitcto roulatora. 

Al rod and 3hackcboft(' +3)  procont a nocz concept for tho 

pre -i o torminnU on of the oynearenou r r. ach no otabihi ty. he 

concept to brood on the rcallanUon of n baoio cloned loop pattern 

for a oyncbronouo Genoa torp z: cb vicn ootabliahct can be cub-

jootod to the froqucney rocpoico procedure of fyQuiat otabihi ty 

criterion. 2ho b icio clocad-loop pattern onorcoo iron the 

75 



pp1iction of r.~,i11 dicplacoccnt thocrj of Pcrx°o ocut.ticn 
£ar c cyncbronou© Conorntol! 3) Thio c3thc1 to agpltoablo to 
a r~^chino or r oyoton c,.th or r thout a voltnjo ro lotor~, but 
.lo Coro ucoful in t'tQ lctor o oo, ori thio forio tho c jority 
of tlic CV)!)1ication. 

f r_oro ostot rthod tihioh bo boon cnploy►cd by Cs cordia l 

to to 'otorziino tho at^bili ty by tho application of Ro itho o 
oritorio l to tho co o2ficicnto of tho chamotorictic ognction 
of tho motion of tho trotori. Logior .. ortonoion of Porgy:' o cco.0 
occ lation. tboory(14) led naturally to the application of 
Pyquiat criterion with the attended advantr oc3 or providiuj 
infori tiono concornintj the do do of otability cud a rapid 
approcioticn of the offooto of rcdif ication of the cohino 
oquatiot o o~-sin3 to the crdt ition of do por uindin o or volt^So 
roculator. 

`rho oohni ao enebl or etnbi .ity rrobloro to be tackled 
t itl no rioro apporatu© 	S,XI XX 27. Ro,,,ovory it is 
difficult to incort to appropriate critical oonziitiono into tho 
or ll occillaticncoqurttion. The difficulty can be avoidod by 
ieacurcn3nt o:' Initial conditions In the r chinoo. t'ailina thia t 
the author hoc four the roforoncoa(l).D (2) to be coat ucoful 
for Ootcrm.inin the in .t: 33. condition nd the cork uoccribcd hao 
boon frcccd oro.,.nd thoco charactorlotico. 

6.2. 2}i :.7~ c.L'1 a:i  
ConoiIor a olocod loop oyotoc an ohoi in fi .6.i. If G(p) 

io tho forcard loop tranofor function and fl to the food back 
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t !lofor function, the cl000rl loop tr no o' funotici of tho 

oyc toz3 io ivon by'. 

Iknco D  it io clank that if the chnrcoteriotio ountion 

4 (p} #{p) = 0, be eny pooit vo Docl rooto, than the cyotc3 

jfl have en infinitely incrond&nrj rocponco to n finite input, 
i.e. the nyoton twill be unotablo. 

tlov conoidor the acni circle of rrcliuo R o 	on rijht band 
of n p-plc►ao II.vintJ real and iiztinary too. Sho cor nloteiy 

onclocao the right hand portion of p-plono. So. if rnq of the 

rooto of the oba otoriatic equation in anclonod by tbio 
7 y'u1cst path,, then the system to unotablo. 

Let, 
Z a nutibor of corao of the ckaruct riotic oqu tion 9, 

orol000d by fyc uiot path. 

a nunbor of p-1. w of the ch cccorin ;ic, oqu tion onclo-
Cod by L'yqutot  path* 

1 to not oaoy a I: aya to find out S end for thry only, 

,yyuiot ocitorion in to be wood. Roforrin3 to thin p .thh#  vo 

can c.rc.7 the correopondirç plot of the function, 
t 

?or that9  tr7o1 aloe the path in the pmspleio In the c"lcc&— 

t7ioo direction and plot the cozrooponi.Un v ►.1uoo of 1'{P} aloes 

the real and inaiaax oraom 'rc the property of oonfo 1. 

mrain3, v o :lO : that the nnriteti of onei o1cconto o the origin  

by the plot of P(.) In olock-w lco ircatiozo  U = — ,, P to aloe 

7,9 



CLOSED-LOOP SYSTEM FOR THE SYSTEM 

/AI = 1 + G(P) H (P) 
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thi nunbor of Polos of CTI.. t:hich io tho opon loop trenofor 

function ! onclocod by tho paths P cwt bo found ono .lye Co 

by counting tv Z can bo dotorninol; oyotom io unotablo if Z '+P 

to Coro then caro. Inotoad of taktn oncircloc nto of origin 

by I + GtI, Cono r Uly crncirclotto of (-1$ Jo) by Gf awo counted. 

6.3. SYS i "j A$ A C10 	LCOP 	h 

If tho chc rotoriatic D trii oruuticn (4.36) io oonaitorod 

and tho dotorninent of the mtii io donated by I Al •$ tho amid 

catriv equation (4.36) of the 2nd obnptor con be c ritton In 

the fort'. 

a°di-1 	1l ' 

dX41 	 0 

age  M14  0 
 

..d 
 (6.1) 

a iq, 	 0 

 

from the abovo oquntiono it is ovidont that- 

• 4# 	 i#u ~G6.2) 

Coro, 12(p) donotoo tore in the noc ctrii of one co . 

If to furthor donoto*- 

  

• e 0 

64075 
- 

(6.3) 



T1ic c+cnotoo a cloc^d icop tr:nooz facUicn of tho 
oton t -,aowo A `::'n4 Intlio input 2 A 2o tbo teat. 

6 • C3 LLm L Q1 	 Q ii :'1 : kril"c.:C:. t~..: " . `. u emgs L-1. 7TETj 1I D 
~Illii ~~II~~Uir.I~i51~Yitia~~ix~ia~aa..,iR. • 11 ""'""~ 

s 1io oy; n loo renLZo 1flOtOaO for tZ .I  CCcoo CtUdlod 
in tho chapto' 5 by 	iiinrj touts° o orito o i till no:i bo 
obtc inod togothor ;ii th thoir ]*yquiat I1oto. 

se 0. 
Prov 1 o oquaticno (5.1) cd (60) o tho opoi loop tr +nofor 

function ic- 

(4.935p" 1021.366p7 - 3325.7p6 4224.54p5526g I.14pL 
(p, 	'_ 1024p7+3328p6 + 4224P + 2?2O + 90 3+201 2+22P1 

g7sp3 -78.9 p2 + 55.165p +17.8) 	... (6.4) 

Prom tho o uctioao (5.2) cnd (6o3), th3 opo ►1OOp ' r nofoz' 
f n c *ion for tho cyatora io - 

1 7504 ,75,2 10+243449+12834.8p8¢29364.8p7+34277•746p~ 
' 	1O24p'+332f~p6+ 422495 +272Op +9aOp +20ip2 0229 +1 

25655.89'+12312.37p4+5 1.5 3, 959692+82.6 ,+20.097) 

...  (6.5) 

£r3 '36.1° 

rcr: th3 orur ti o (5.3) cnd (6..3), tho opQn-loop tr^nofor 
Lunotiono of tho cyo ton it 

a 
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CASE II 

SHAPE  OF NYQU/ST 
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G H 	
(12.021)11♦60.2p10+5162.364p9+24433.6p8+47070p7+  

(p, tp) 10247+)328p6+422415 +2720p4+980p3+201p2+22p'+1 

48636p6+26973.6p5+7156.6p4+4$2 P3-142-402-11-5p-0-99)v 

... (6.6) 

J.- 99.3' 
1ro the equations (5.4) and (6.3), the open loop tramfer 

function for the system is 

Q(p)R''p)  
(2f).54p11+71.8p10+677.7p9+20108.5p +33252.9p7+2 316p6. 
1024pp+3328p +4224p5  +2720p4+9 80p3  +201p2+22p +1. 

5132.445p% 14465.5p4-13M4.4p3i3690.9p2-668.6p.38.703) 

... (6.7) 

The different shapes of the Nyquist plotehave been shown 
in the figures. 6.3, 6.40  6.5 and 6.6. 

LULIL  

Pron the South's criterion, as shown An chapter 5, the 
characteristic equation has two seal positive roots, Hence#  

Z : 2 and P.O 
I=Z..Pa2 

But the Nyquist plot does not encircle the critical point 
at a11. ?hus the system is pstØ (rig 6.3) 

The Routh's criterion showsthat the characteristic equation 

does not .have any real positive roots. As thers is no pole on the 



R.f.. too ah.ch i© ovidont grog tho aquation (4,36). 

Z 0 01, 	P tX 0 	0 + a tJ t3 0 

The 13quiot plot ao ohon is ftc. (6.4) t000 not onoi.iolo 
tho critical point at all in oithor (Uroctionot ao tho oyotom 

io 

cn~• 

Prom the Rout.° o critorion, it in coon that tho charcotor-

ictic equition9, door not havo any z'ooto on 1. U. b8 

00 * Z a 0, 	P a 01P 	00 , 11 a 0 

IIy quiet` plot ohotm in fi .6.5 oboe o t1iat g it doors not 

oncircle 0 the critical point t,hiob abovrot$at the oyoton ±0 

Tb o Routh' o critorion analyoio ohmic that tho charcotor - 

iotic equation has two paoitivo real roots. 

P =.O; 2a3 

s °.13aa.2= 3. 

aha 17y uitat plot co €rho.. in fi.6.6 t oro tbat tho plot 
onoir►ciao tho critical point om1 r onco in to anti-olookaico 

airoction. 2horoforo tho o otom In 	t -bx°+ 

85 

Aho oat 10 calcuiction for ossa 1 (J a o) to then 



(0.935,8+ 332.5,6  -2698.14, + 78.9,2) + 17.8 + 

+ 272O. - 201 w2)+? + 

jar(1021.86w6_ 4220.54w4+975,2  +55.165) 
3w(_i024.6  +4224, _980,2 +22) 

At W- 

tilt(3N)  = 17.8,(4' a 17.8 +30 

f 

ON . 
-.2698 + .789 +310a1(_.42 +9.75+55.165) + 17.8 

(-.aoy+.272..2.01) +1 +j io 1(.001+.422-g.s+22) 

180319 + 36.4 

 »t i841 + j 1.262 

(18.319 # 36.4)(-1.841 - 31.262) 
(_1.891)2_(1.262)2  

-33.7-323.1 • 311.8 1 8.51• 
ae 

3.4 - 1.544 

-25.19 - 334.9 
a 12.85 * 3 17.84 

1.956  

Al ! 

-.0168+.1972 + 3 x .05(-.026+2.64+55.165) +17.8 

.017- .502.1) +(0.026-2.45.22) 2 3.05 

111 	 1 ■ 

0.515+30.9786 
a . 9.25+2.92.3(-17.58+1.54) 

.261 - 0.955 

127 I16 4 . -17.55 + 323.17. 
-.694 
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7quiat pot Ic -Iiom in 2 uro no.6.0, :hich, cno1ocoo 
the czttlo~~1 point (.1, SO) cn3 tho c7atcD is gkr-kI ~ 

4,ir .1 ?riy, th:, Jyquict plota 1.o. the r c ur►1 :"Imcmcnoy 
rccpo,.czc to th e plc ; o plottoci in tho fi uroo 6.9, 6.10 c'rt 
6.11 Per tho c^cao 2, 3 amt 4 rocpocticroly. Prom t io .c £inn-., 
tho r:cF,cc 	bi1itj or unotabi1it7 can be coca r-nd at the 
cr t1 , the ih -o3 r ►amino on the Min =xez inc can be 
cccort^inec in the ee.co^ f t €; oyotczo thloh cro otab1o. 

P 



OOCL1IO 	i. — 	 n- ~.n w 

Q 



Clia anolyoio of a oyotan conaiotinj; of a oynohronouo acnor to' 

coflfOctO 2 to n►. aynohrenouo notor, tot a tie- -limo io tho rog-
rocozitation of to uotu l ayotom and it i© an inpartont c apoet of 

potor ayotou otabillty. Tho cur thor &era afcl ycod tho ayotori L Lh 

the , olp of tczo-Laotian thoory Qati the offoot of quict cotln 

cutorntie vol ;o roulutor Ico bae n i; on into aonaido tion0 
ii particular. 

An ozprocon for tho oyotoa torq o oquation Sao * o vad 

avoitng any aconnntion, tho oquntion includccl the offoot of 

voltc,Co row.=.la mor too, Tho cicctro-.mchnical of twility vao 

etudioci by the application of cr U !ia1accccit thoory to tho 

oq awtio ao of the nynohronoua cchines c otoD. ¶ho +d° rnt oo 

of thio co hod are that than offacto of do cporc cd vol to 

rcVlatooa can bo included and cocortt ly ell tho tocliniquoo of 

control cyotoao ctn no.i bo appiiod to tho electrical -.Iotom* 

lho Rautb' o critorion io appliod to tho oyoton oqnationo  

in tho foilot..rj tour oacon and tho foi1ozint c onoluoicne ax'o 

(1) ... --.of, (So 3 ©) 

`h*a orotoa io unotabla no the cuotaincnl ocoillationo aro  
not trod out in the no-load conditions 

(2) .02~.,L 

cyoten to otablo. 

(3) int 	a 	$ 

Tho cyotca 10 ornblo. `L'bo eto y- ctato otability lit t of 

cx oyotozi conctotin of cnlicnt polo cyrozOricto r abinoo 

tit:. ut tho affect of volt^so roju.t for i.; lo,-,o then ;O°. 

92 



The offoct of volt M kog ulator jo aldntficont horoa, to 
incrotco tho otc bility lirDit. 

(4) j77i= Yjq "'Sr 	Crrr-  

ho oyoton 10 found unntoblo. 

`.:'loo frocuonoy zooponi o or i.to . c on i1 uotrato tho influonco 
of clifforont ponotoro of tho ayoton on Ito othbility. Tho 
cuthor ht o dorl7od tho o:zcpr000ionc for opon loop tzmnofoi' funOt-
iono . of tho oyotcva undor different oonditiono r d colcu1atod 
h.000 00000, It r ao not p000iblc. to draw  drax 	onorca concluolono 
ac tho oyotom oqurttiori oro very odor. Ofoouraoe tho indivi-
dual inferonce© drn Bacot. Routh' o critor i m voro cupportod by 
thio analyoic too and tho caco 11 which cao ingorec to be otcblo 
fromfroti liouth' o criterion coo ►o to be a conditionally ctablo oyoton. 

apo author neglected the saturation effect and the offoct 
of i r annoy vindintja. Tho drtpir producod by the load r nd the 
fow&'b ck loop of tho ut ttic volt 3o rocjulntoro coconcatoo 
the effect of dal por tiindinrj. hic Jolpo to co a outcnt to 

reduce the further ooaple nature of the cyotaa ocauaSiono which 
are r .zoa y coaplo t onouah. 

¶ hio c thud of rnn yoio hap cot the ; iui.tationo that it 
roc' iron the coot tediou.o a1co'b'ric oalculationo. accndly g it 
o .cn3C be noted that the ch i oo acs cd in the variabloe arc 
infit~itcly o ^:1l o Jo* it Io not otrictly correct to t --1y 
ttn~ -O rocuitc to ch ~roo of biU er lituC000 rut thorn will 
curoly be coo cor o oa: cnco bat on the to cacee. 
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Finally, the selection of the "amplification factor" of 

the voltage regulator has the inaxiinrn influence on the steady. 

state stability which in turns depends, to a great extent on 
the feed—back of the re lating system. 

Irrespective of all these short comings, and limitations, 
it Is hoped that this work fill prove to be of value in the 
field of stability. 
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CAS 
THE 	 CTI  IS1;20 EQUATION Ts: 

-0#191 (3.67p2 + 4.5p + .92) [(3.31 p2 + 1.93p + .62) ~(288p+,7)x 

(2.4892 - .302p) - (2.892 + .74p + .0i)(i.03p2 + .258p)i -(1.392 

1.66p -1.31) J-(2.48p2 --3029) (1.8792 +1.3p + .01) -(1.gp+1.25p)x 
(1.0392 + .258p) j +(O.232p2 -» 3.207p - 1.96) [ (1.87p2 +1.3p +.01)z 
(2.892 + .74p + .01)+(2.8p +.?)(1.9p+1.25)11+o.197(.825p2 2.84p•► 
.85) [-.(1.3292 +1.9p +.38) (2.89+.7) (2.4892 -302p)-(2.8p2 +.74p+ 

.01) (1.03p2 +.258p) i -(1.3p2 -1.66p --1.31) J--2.45p (2.48p2-.302p)-. 
( 492 + 5p + 3.45) (1.03p2 +.258p) ,+(0.232922 -.3.207p -.1.96) [ 2.45pz 
(2.8p2 + .749 +.01)+(2.8p + .7) (4p2+5p +3.45) J] +0.197 (2p2+2.9ep + 
.411) [(1.52p2 + 1.9p +.3$) J-(1.87p2 +1.39 +.01) (2.48p2 .3o2p)-r ' i 
(1.o3p2 +.258p)(1.9p+,l.25) .-(3.81p2 +1.93p + .62) ~-2-45p(2.4802- 

.302p) - (492 +5p +3.45)(1.03 p` + .258p) +(0.232p2 -3.207p - 
1.96) 12oft(1.9p +1.25)-. (4p22+5p+3.45) (1.8792 +I.3p +.O1))]+ 
.197 (1.5492 +3.95p + 1.2) [.(1*52p 2  + 1.99 +.38) j(1.87p2 + 

1.39 +.01) (2.8p2 +.74p +.o1) +{ 1.9p + 1.25) (~'.8p +.7)} -.(3.31p2+ 
1.9p +.62) ~ 2.45p (2.892 + .74p +.01)+(4p2 +5p+3.45)(2.8p +.7** + 

(1.3p2 .1.66p --1.31) ~2-45P(1-9p  +1.25) - (4p2+5p+3. 45) (1.87p2 + 
1.3p +.01)) 0.904 (1.5292 + 1.9p+ .38) [(3-3ly?  +1.93p+.62) z 

{(2.89 +.7) (2.48p2 -.302p) - (2.89p2 +.74p +.oi) (1.03p2 + 
•258p)~ - (1.3p2 - 1.66p -.1.31) J. (1.v7p2 + 1.3p + .01) z 
(2.4802 - .3029)•-(1.99+1.25) (1.03p2 + .2589) (o.232p2-.3.207p •• 

1.96) ~(1.8792}1.3p+.41)(2.8p`+.74pf.01)+(i.9F+1.25)(2.8p+.7)11 

9~ 



..9o4(o.825p2 -2.84p X36) [-(3667p2 04659p ¢'692}1t2a8,p+.7) s 

(2.,!.8p2 . o302p)-(2,Gp2 .74p +°0i) (1.03p2 +.253p))m.(1.3p2 

1.66p - 1.31)5 (4p2 +5.54D +1) (2.48p2 --.3Q2p)-0.535(1 o03p2 + 

.2513p}1 >(o,2322 -3.207p -.d95) JOP2+5-54P +1) (2.8p2.>.74 + 

.0) ..535 (2.Op +.71}O904 (202+2.9ap +.49' )[ 3s6?p 4.5  

o92) {-(1.87p2 +13p +.oi) ( . ASp22 -0o302~!)a(1,9p+1 x+25) (1 oo3p2+ 

.2%p)) _(3a31p2 	x.62) ~--UP2 ¢5o54p+1)(2.4Gp2,.O.302p)- 

a535(1 03p2+.258p))+(0.232p5 3e207p -1.96) [ (4p2+5o54p+1) 

(1.9p +1.25) -(1.87p2 +1,3p+.01) s -5351 -0.904 (1.54p2 +3.95p+ 

1.2) [-(3-157P2  -0' 4.59p +'.92) (1,8792 +1a3p.01)(2.6p2+.74 

.01) +(i .9p +1.25) •(2.ep +.7}~(3.31p2+1.93p ¢.G2) [(4L 2+0»54p+1)n 

(2.$p2 +a74p +.01)+ v535(2o)p+o7) +(1 a3p a6 p.4.31)1(4p2+ 

5.54p +1) (1.9p ♦1.25) a535(1.87p2 

( 1 .52p2+1 .9p +.38)  

(2a0p2 +.74p 	.o9) (8..o3p22 +.258p)} .. 9 a3p 	066 9 0 9 -*2a  

(2.48p2~O.302p) (i .031,2 +o25 p)t4p2+5p 3.48) `(0.232p 3.207  

1.96) ~2,4439(2*BP2 +.74+.O1)+ (4p2 +5 ►+3o '8) (2.3p+o?)}] 

(0343p °.202) (3867172 +4.599 +092) [-43a51,2+4o59p '092) 

{(2.0 +.7)(2.4 $2-2.3031,)°(om~3p2+.74p'.01)(1.©3 +.2Cp '(9o3p2 

4.66 '1►3) { e4 1,2 O 3o2p)-►535(1,03n2+.25O1,))+ 

(0023292 -3.207} 1 a96) [ 4 2+5.54+1X2.a 2+a4y.001)+o.s33(2oop+  

a7)JI -4 .3439 -.202) (21,2+2.9x1' '.411) [ (3•5p2+4.5' gp+.92)~2o44a,1 i 

(2.4t 1,2 -0.302p)-(4p2 +5p 3. ) (1 *0392 +.2589) J +(i .52p2+9 a 33) 



9 

~-UP 2+5.54P+I) (2.48p2 -0.302p) -0-5350442 + .258p)J +(0.232pi 

3.207p-1.96) J(4p2 +5.54p +1) z(4p2+5p+3+48) -.535z•2•448pJ]- 

(.343p -.202) (1.54,2 +3.95p +1.2)[(3.57p2 +4.59p +•92)g2.448ps 

(2.8p2 +»74p+.o1)+(4p2+5,+3.45) (2.8p+.7)) +(1.52,2 +1.9p+.38) s 

~(4p? +5.54p+1)(2.8p2+.74p+.Ot) +.535(2.8p+.7)3 +(1.3p2 1.66p- 

1.31) ~(4p2+5.54p+1)(4p2+5p+3.45)- 0•535(2.448p)1]+ (8.184p+ 

2.046) (1.52p2 + 1.9,+.38) [-(t.52p2+1.9p +.38) ~-(1.87pp2+1.3p+ 

.01) (2,48,2 -.302p)-(1.9p +t«25)(1.03p2 ++258p)i-(3.31p2 + 

1.93p +•62)j-(2.48,2 -.302p)x 2.448p -(4p2+5,+3.45) (1.03,2 + 

.258p)) +(.232p2 -3.207p -1.96) 2.448p(1.9p +1.25)-(4p2+5p+ 

3.45){1.87,2 +1.3p+.01)j (8..184p+2.046)(3.67,2+4.59p+.92)[-

(3.67p2+4.59p +.92)x-(1.87, +1.3p+.01) (2.48p2- 0.302p) ~- 

(1.9p +1.25) (1.+03p2 +.258p) -(3.31,2 +1.93p .+.62) J-(4p 2+  

5.54p +1) (2.J8p2 -0.302p)-.535(1.03p2 +.258p)i +(.2342-3.21p. 

1.96) J(4p2+5.54P+I)(1.9p+lo25)-,535(1,87p2+1*3p+.OI -(8.184p+ 

2.046)(.825p2 -2.84p -,85)[-(3.67p2+4.59p+.92) 1-2-448P(2-48p2_ 

0.302p)-(1 .03p2 -0258p(4p2+5p+3.45 )} +41.52p2+1.9p+.38) f -(2.4f p 

302,) (4p2+5.54p+1)-x.535 (1.03,2 +.258p)c +(0.232,2-3.207,-1.96) ac 

402 +5.54p +1) (4p2 +5p+3.45) -.535 z 2.448p)3 8.184p+2.046)x 

(1.54,2+3.95+1.2) ~- (3.67,2 +4.59p+.92) 12,448p(1.9p+1,25) - 

(4p2 +5p +3.45) (1.87,2 +1.3p +.01)1(1.52,2 +1.9p+•38) f(4p2+  

5.54p +1) (1.9p+1.25) -.535 (1.87p2 +1.3p..01) +( 3.31 p2+1 +93p+ 

.62) ~UP2+5-54p +1) )4p2 +5p+3.45) -.535(2.448,)}} -- 



-(.0672pa +.01p2) (1.52p2 + 1.9p +.38) [-(1.52p2 +1.9p+.38) 

1(1.87p2 +1.3p +.01)(2.8p2 +.74p +.01) +(1.9p+1.25) (2.8p+.7)1 .~ 

(.825p2 -2.84p ..85) ~2eWp (2.8p2+.74p +•01) +(4p2+5p+3.45) 

(2.8p + 0.7)3 +(1.3p2 .'1.66p -1.31) 12,448P(1*9p + 1.25)h : r 

:. ; ... ) - 4p2 + 5p+3•48) (1.87p2 +1.3p +.O1) ] -(.0672p% 

.0168p2) (3.67p2 +4.59p +.92) [-(3-67p2 +4.59p +•92) I(I-87P2 + 

1.3p ♦.41) (2.8p2 +.74p +.oi) +(1.9p +1.25) (2.®p +.7)1-(3.31p2+ 

1.93p +.62) ~(4P2 + 5.54p +1)(2.8p2+.74p+•01)+.535(2.8p+.7)} + 

(1.3p2 --1.66p 1.31) (4p2 +5.54p +1) , (1.9p+1.25) -.535(1.87p2 + 

1.3p + .01)( ..0672p3 *.0168) (0.825p2 2.84p-.85) [--(3-67e+4.59p+  

.92) 12*448p(2,BP2 +*?4p+.0#) +(2.8p+.7) (4p2+5p+3.45)1 +(1.52p2+ 

1.9p +.388) ~(PXP2+-Up +.01) (4p2 +5.54p+1) +.535(2.8p+.7) + 

(t.3p2 .1.66p ~.1.3l) (4p2 +5.54p +1)t4p2 +5p+3.45) -535x2.448p]+ 

(.0672p3 + .0168p2) (2p2 +2.98p +.411) x [-(3.67p2 +4.59p +•92) x 

~2-448P(1.9p +1.25) -(4p2 +5p+3.45) (1.87p2 +I.3p+.41)}+(1.52p2+ 

1.9p +.38) , T(4P2 +5.54p +1) (1.9p +1,.25) -0.535 (1.87p2+1.3p + 

.01)1 + (3.31p2 +1.93p + 0.62) 1 (41)2 +5•i4p+1) (4p2+5p+3.45) - 

.535 x 2.448p3] = O 
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Cis 

Jp ; C .~s4C4 ± .1 YG' 1`. ,ZJL4{ ThILL 

4o.140(3a99p2 +4.s p x.91) [(3o5aoy 2+1.35p 1.74) 1 t2.8,+0.7)z 

(3.O3p2-.454p) -(2.8p2 -> .749 +.01) (1.436p2+a26p)}'(.244p2 - 

2.088p -1.44) ..(l .O7p2 +1.39 +01) (3.oGp2 -.454p)-(1.87p+1.25)z 
0-036P2 +o26p)} +(1.4 p2 -3.452p .2.42) j(j.87V2+j.3V+.Oj)z  
(2.8,2 +.74p +.o9) 2.a+.7) (1 *G7 +1.25)}] +o.149(0.148p2 

3.47p -.892) [-(.27282 +.34p  

(2.8p2 +o74p '.01) (1.03Gp2 +.26p)l . (e244p2 -2.0 ' 9.44) [  
2.4' (3.06p2 -.454p) '.(4p2 +5p '3.47)(1 .036p2 .26p} j +(1. E3p? 

3.452p -2.42) ~2.47p(2.8p2  +.74p +.01)+(4p2 +5p+3.47) (2.8p+.7)}] * 
0.149(2.17p2 +9.99p +•137) [-(.272p2 +.34 +.06O) -(9.87p2 + 

1 a3p + 601) (3.06p2 - 0454p) -(1.67p +1.25) (1.036p2 +.26p).. 

(3.5e9 i2 +1.35p +1.74) .2.43p ( 3.06p2-4.454p) -t 4p2+5 3 47) 
(1.036p2 +.26p)~ + (1.483p2  -3.452p ..2.42) 12o47p(1.87p+1.25) - 

(► 4p2 +5p +3.47) (1.$72 +1.3p + .o1)* 0.149 (2.37p2 s6.OG6p+ 
1.744) [-(.272e +.34p ,.068) [ (1.87p2 + 1.3p +.o1) (2.8p2 +.74p+ 
.01 ) +12,.883 + 0.7) (1.67p +1.25)} -(3.550p2 +1.35p -1.74) 2 

.2.47 (2.8p2 +.74p +.01) (4p2 ¢5p x3.47) (2.8p ?.7)} +(.244p2 

2.0 38p - .44) 12.47p (i .37p + 1025) - (4p2 + 5p +3.47) (1.8792 + 

1.3p `,' .01) }. 0.915(0427232 	.334p + o.o ) [0-563p2+1-35t)  

1,74) ~(Mp  +0.7) (300G!2 0.454) o- (2.8p2+.74p+.o1) ( 1.03692+  

-2,081p -1.44) j .-(108?p2 -P' 1.3p ¢•Qi) (3•06p2 

.4549) - (1.87p -e 1.25) (1.o362 + .26p) +(1.48p2 -3.425p - 

10I 



1o: 

2.42) ~ (4 .C37p2 ¢1.3p -0'.44) (2e$p2 +.74+.O1) -0 i1.07p +1.25) 

(2.ep +.?)ft .0.915 (,14ep2 -3-47p-.892) [-(3a99p2+4*99p+.g zi) x 

1(2.8p +o7) (3.O6p2 -a454p)- (2.8p2+.74poe49)(1.Q3Gp2 +.26p)L 

(.244p2 -2 o088p -1.44) ~ -(4p2 +5,4O2p +1) (3.06p2 -b.459p) 

s02 C1.036p2 e26p)1 +(1'a49p2 °3.45p .2.42) ~ 	+5.402p +i) 

(208p2 +.749 <pa09) +O.402(2.8p+e?), 0.915 (2.17p2 ' I.99p+.137) Imo. 

{ 	orb 	.9S3)  -(i .87p2 +1.3p+.0T) (3.o6p2 0,454p) 

(1.7p + 1.25) (1.4,6p2 +.26p) f 	 3.5$8p2 H1.35V +1.74) ~-(41?2  + 
5.402p +9) (3.062 . 4.454p) -- 0 a4O2(1.036 2 + .26p)l 	1.4 3p2 
3.452p -2.42) 1(4p2 + 5.402p +1) (1.87p+125).. .402(9 .87p2+1.3p+ 

.01)f l .0.915 (2.37 p2 6.0 Gp + 1.744) 	3o99L'2 +4.99p +.99O) 
I(I.87P2  +1.3 +.o1) (2 o3p2 +.74p +.O1) +(2 o8p +.7) (9.07p+1.25)J .. 

(3e5 p2 -1.35p,+1.74) j(4P2 +5v4o2p+1) (2.8p2+.74+.01)+4.442 

(2.8p+}.7) +(,244p2. -2.088p -1.44), t(4p2+3.442p +4) (1.87pa1.25)- 

0.402 (1.87p2 +1 s ap +.01) jji (10.58p +2.645) (.272p2+.34 +0.068 )t 

(o272p2 +.34p +0.060) ~-(1-87P2  +1.3p +.oi) (3.oQP 0.454) 
(1.o7p +1.25) (1.©36p2+ .26p) j-(3.583p2+1.35p +1.?4) .2.47p(3.0Gp2 

0.454p) I(4p2 •>5p • 3.47) (1.036p2 +.26p)} +(i .4O2_3.452 -2.42)~r 

~2,47(1*87p +1.25) '.(4p2 +5p +o47)(1 (1 87p2+1 o3 "1 +.o1) +(1Q.50 

2.645)(3.99p2 + 4.99p •9:8) ~-O .99P2 +4.99p +.998)(1.07p2+ 

1039 +.01)(3062 -.454p) - (1.B7P + 1.25) ( 1.O.~ap2+.26 )J _(3. 3cp 

I a35PI-1074)1-(4p2+3.4o2p+1) (3.O6p2 .454p)_.4O2 i(1 o036t 2+.26p) 

(1048Sp2 -3.4529 _2.424(42 +5.4029 +o-1) (9.87p+1.;'5)-.402(1..8792+ 



1.9p+.01)l] - (10.59p + 2.645) (.148p2 - 3.47 p-.892) [- (3.99p2+ 

4.99p +•998) ~-2,47P(3-06p2~-.454p)-(4p2+5p+3.47)(1,036p2+.26p)I + 

(.272p2 + .34p +.068 ) J -(4p2 +5.402p +1)(3.06p2 -.454p)-.402 s 

(1.036p2 + ,26p)j +(1.488p2 -3.452p -2.42) 1(4p2+5.402p +1)(4p2+ 

5p+3.47) - .402 x 2.47p))]+(10.58p +2.645) (2*37p2+6.066p+1.744)[- 

(3.99p2 + 4.99p +.998) 12.47p (1.87p +1.25)-(4p2+5p +3.47X(1•87p2+ 

1.3p +.Q1) + (.272p2 +.34p +.068) (4p2+5.402p+1)(1.87p+1.25)- 

0.402(1.87p2 + 1.3p +.01) +(3.588p2 +1.35p +1.74) {(412+5.402p + 
1) (4p2 +5p +3.47 )c]s-0.402 z 2.4?p - (0.345p-0.203) (.272p2+.34p+ 
.068) -(7222 +.34p +.068) 1(2.8p +.7)(3.06p2 -.454p)-(2.8p2+.74p+ 

01)(1.036p2 +.26p)} -(.244p2--2.088p .1 .44)  1-2.47p (3-06P2 

•454p)-(4p2 +5p +3.47)(1.036p2+.26p)I +(1.488p2i3.452pi.2.42)f2.47pz 

(2.8p2+.74p+.01)+(4p2+5p+3.47) (2.8p+0.7)-] -(0.345p-4.203)(3.99p2+ 

4.99p2 +•998) [-(3-99p2+4-99p2+-998) 1(2.8p +.7X{3.06p2 -0.454p)- 

(2.8p2+.74p+.a1)(1.036p2+.26p) -(,244p 2.088p•-1.44) j-(4p2+5.402p+ 

1) (3.06p2 -y 0.454p) - .402(1.306p2 +.26p) c +(1.498p2-3.452p -.2.42)z 

~(4p2 +5.4021,+1) (2.81,2 +.?'4p +.01) +.402(2,8p -+.$) 3] -(a.345pw• 203)z 

(2.171,2 +1.99p +.137) [-(3.991,2+4.99p+•998) ~-2-47p(3.06p2-0-454p)- 

(4p2+5p+3.47)(1 .036p2++ .26p)r +(.272p2+.341,+.068) .(4p2+5.4002p+1)x 

(3.06p2-.4540- 0.402(1.03602 +.26p)1 +(1.4881,2 -3.452p'-2.42) z 

~(4p2 +5.4021, +1)(4p2 +5p+3.47) -0.402x2.47 p?] uL345p- .203) x 

(2.37p2+6.066p +1.744)z [. (3.991,2 +4.99p+•998) 12-47P(2.8p2+-74p+ 

.01)+(4p2 +5p+3.47) (2.8p+.7)1 +(.272p2+.341, +.068){(4p2+5.402p+1)x 



(2.8p2+.74p+•01) +0.402(2.8p +.7)1 -(2.17p2 +1.9gp+1.37) a 

[(4p2+ 5.402p +1) (4p2 +5p +3.47)-.402 x 2.47 p}]-(0.0672p3 + 

.v168p2) (.272p2 +.34p + 0.068) [-.(.272p2 +.34p +0.066) l(l,,87p2+  
1.3p+.01)(2. 8p2 +.74p +.o )+ (*187P+1,25) (2.ep+a.y) (3.5sep2+ 

1.35p +1.74) ~(2*8P2 +.74p +.01) x 2.47p + (4p2+5p +3.41)(2..80p+ 

.7) - +(.244p2 ."2.088p -1.44) f 2.47p(1.ay'p+1.25) - (4p2+5p+3.47) z 
(f .87p2 +1.3p +.0i)]_ (Q.4672p5̀  +.0168p2) (3.99p2+4.99p + 
•998) [-(3..99p2 + 4.99p + •998) t(1.E7p2 +1.3p +.O1)(2.8p2 + 

•74p+.01) +(1.87p*14'.P5) (2.8p +.7)3 •.(3.508p2 +1.35p +1.74) x 
t(O? + 5.402p +1) (2.8p2 +.74p +.O1) + 0.402 (2.8p+,r7) + 
(f44p2 2.088p -1.44) ~ (1.87p +1.25) (4pp+5.402p+1)...442(1.87p2+ 
1.3p + .01) J, +(4.067245 + 0.01 f8p2) (.148p2 -3.47p -.892) [4-(3.99p2+ 
4.99p +.998) ~(2,47p (2•8p2 +.74p +.01) +(4p2+5p+3947) (2.8p + 

.7)1 +(.272p2 + ,r34p + .068) 3 (4p2 +5•402p +1)(2.8p2+.74p+.Q1)+ 
•442(2.8p +.7)1 +(.244p2 -2.488, -1.44) f(4p2 +3p+3.47). (4p2 + 

5.402p +1) -.4O2 X 2.47 3]+ (0.o672p3 + .0168p2) (2.17p2+1.99p+ 
.137) [..(3.99,2 + 4.99p 4•998) 12.47p(1.87p +1.25) (1.87p2 + 

1.3p +.p1) (4p2+5p +3.47)1 +(.272p2 +.34p +.068) ~(402+5.402p+l)x 

(1.87p +1.25) - .402 (1.87p2 + 1.3p + .01)j +(3.568p2 +1.35p + 
1.74) ~(02 + 5.402p + 1) (4p2 + 5p + 3.47) -0.402 x 2.477p3] 0 

i1 



CASE IV 
' C1Wi&CT.EI8TIC UAflON IS 

- - 0.084 (3.94p2+4.94P +.987) [(3-S3P2+,837P ...159)f (2.8p+.7)x 
(4.4p2+.192p) +(2.8p2 +.?4p+.01)(.536p2+.134p)} +(5.8p2+2.334p+ 

1.44) j-(1-87P2+1-3P+-01)(4*4p2 +.192p)+(1 .8?p+1 .25) (.536p2 + 

•134p) -(5.448p2+.145p*3.45) {(1.87p2+1.3p+.01)(2.8p2+.74p+•81)+ 

(1.8lp+1.25) (2.8p+0.7) }] -0.084(.35p2+3.79p+.889) [ (.644p2+.848p+ 
.162) ~(2*8p+0.7)(4-4e+.192P)+(.536p2+,i54p)(2.8p2+,74p+,Oi)I + 

(.58p2+2 .33p+1 .44) t-2.34p(4.4p2+.192p)+(4p2+5p+3.46)(.536p2+ 

.134p) ' - (5.408p2+.'€45p +3.45) 2.34p(2.8p2 +.74p+;01)+(4p2+5p+ 
3.46) (2.8p+0.7) }] _- O.084(-.2.14p2 --1.15p#.07) [(*64p2+.808p+.,162) 
~ -(1.87p2 + 1.3p +.01 X X 4.4p2 + .192p) +(1.87p+1.25X 36p2 + 
.134p) -(3.53p2 + 0.837p -.159) ~-2*349  (4.4p2+.192p)+(4p2 +5p+ 
3.96) (.536p2 +.134p)~-(5.408p2 +.145p#3.45) 12*34p('1*87v+1.25)- 
(42 +Sp +3.46) (1 i8?p2 +' «3p +.tai )3] +0.084(4.072p2+5.362p + 
1.62) 1(O.64p + .808p +.t62)  .87p2 +1.3p+.O1) (2.8p2+.74p+ 

.01) +(1.87p +1.25) (2.8p +0.7) -(3.53p2 +•837p-.159) 12.34px 
(2.8p2 +.74p +.01) + (4p2'+ 5p + 3.46) (2.8p +0.'7}1 --(.58p2 + 

2.334p + 1.44) k2.34p (1.8'lp +1.25) -(4p2 + 5p +3.46)(1.87p2+ 

1.3p + .01) -0.445 (.64p2 + .808p + .162) [(3.53p2 + .837p .. 
.159) 1(2.8p + .7) (4.4p2 + .192p) + (2.8p2 + .74p + .01) ,x 
(.536p2 + .134p) +(.58p2 + 2.334p + 1.44) i-(4,4p2+*i92p) z 

(1.87p2 + t.3p + .01) + (1.87p2 + 1.25) (.536p2 + .134p)) - 
(5.408p2 + .145p + 3.45). ~(1.87p2 + 1.3p + .01) (2.8p2 +.74p+ 

.01) + (1.87p + 1.25) (2.8p + .?111-- 0.445 (.35p2 + 3•79p + 

.889) [-(3.94p2 + 4.94p + .987) [(2.8p + 0.7) (4.4p2 + .192p)+ 
(.536p2 + .134p) (2.8p2 + .74p ♦ .01)1 + (.58p2 + 2.334p + 



jA 

1.44} ~OOV2 a992p} ( 2 . 	 j) -•44}~5 p s 3A s 

(5.403i,2 .a, 145p 3•45) J(41)2~0-4956P  +1) (2O2 4-.?4p .01)-0.44 i 

(2.Gp 	.7)}J- ► 0.445 (ii 2.14p2 _4.'95P + •07) [..(3.92 ¢ 4.094p 

.;,87) f-(1-87r,2 09.31) .0i} (4.4z,2 +61921)) •(1.o7p '>9,25)zt 

(.536pp +.134p) -(3.53pp +.03?p-.159)  

I) -O.44(.536p2 +.i34)}54 2 .1453.45)(4p2 +4.56+1) 

(1oMp +1.25)+0.44 (LO7v2 +1.3 	O1)I]+ O•445(4.072p2 5. 52pr. 

9',62) [-(3-94p2 4.94p+ .987) ~0-871~ 	.44) (P..ep2+741) 

*01) +(28p +.`) (1.37p>1.25)j A-(3.53p2 

4.56p +1) (2.8p2 +,7417 4.oi) -4 .44(2.Op +0.7)} ».(.5op2 42.331)+ 

1,44} S (4p2 . 4.561) +1) (i.a?p +3.25) +O.44(1.87p2+1.3p +.oi)}]+ 

(-.176 p+. 9 9 G ) (. G4p2 +.6O3 +.162) [(.6492  +.803 +.162) ~t 

~ 2b8p -.7) (4.41)2 +.192p) +(2.0p2 +.74p +.o1) (.536 ,2 +a.134p)} I. 

(.589 + 2.3349 +1.44) 	2,34(4.4p2 +.1921)} 4(41) 51) +3.46J(.536 2* 

A34p)~ -(5.44yp2 ',1451) +3.45) f2*34POeOp" +.?41) +.Ot)0(4p2a 

5p+3.46) (2.c «?)3] {-f?gyp +.1i6) (3.94pp +4.94p+.97) E-(3-94p,2v 

4,944 +,37) ~O*OPI-0*7)  (4..41)2 +.992p) +(2.ap2 +.74p ¢•01) 

(.536p2 +.1341))c +(.58p2 2.334p X1.44) ~-(02-0-446'v+l) {4.41)2+ 

1.92) 	44(536Z,2 + 134p) sa"(5.403p2 +x145  

( 2cz2 4.74 -.01) -.44 (2.Dp ---.7) fl  
(3.94p2 4~3.94p +..162) J-20* 34p(4,4D2  +.192y) ,(4 2 51)+3 34) 

{.536,2 	.9341) 	~.C©Os, a4 ) -(41)2 4•55,,>) (4.442 

.192) -e44(,536p2 + .1349)} -(5-4032P+ .1451)+3.45) ~(4p2~4o5Gp+7}ir 



(4p2 ¢5p +3.46)+.44 n 2.34p}] - (--.176p • ,.h1G) (4.07?p2 

5 6f~p +1.62) [.(3.94,2.4.94p ¢.462) f2.34P(2-892 
(2.8p +.7) (4p2 •5p +3.46)} -(.64pp + . Gp +.362) (4p2¢4.56p 
1) (2.8p2 +.74p¢.O1)•-.44(2. 	.7)j -(.58p2 +2.)34p +i .44) €(4p2+ 

5p+3.46)+44 z 2.34p}]- (9.92p +2.48) (.64p2 + .808p ,.162)n 

~(*602 +'r .8O3 +.162) J-0,87P2 + i.3p +.01)(4.4p2 +.192p) + 

(1.87} +1.23) (.536p2 + .134p)1 - (3.53}2 + .837p -.159 )1-2.34} 2 

(4a4p2 +.192p) +(4p2•+ 5p = 3.46) (.536 p2 + .134p)} -(5.4oOp2 + 

.145p +3.95) ~2*34p(1*67P + 1.25) -(4p2+5F +3.46) (1.8C3p2+1 sap+ 

.49)}] +(9.9 +2.48) (3.94,}2 +4.94p +.9a7) [r. (3.94}2 +4.94p + 

.s') J-(4,4}2 +.192p) (1.87p2 +1.3p +.07) +(1.87p +1.25) t 
( .536p2 + .134p)1- (3.53}2 + .037p - .159 ) ( p2 4 3 p +i)  

(4.4p2 + .192p) -0.44(.536p2 + .13401 -(5 408p2 

JOP2 	36p~ -1) (9.07} +1.29) O-Oo1~4(l.67p2+1.3p +o1)]+(9.92+ 

2.48) (.35}2 + 3.79p +.c89) P3.94P2 + 4.94p ¢ .937) 1-2.34p z 

(4o4p2 + 4192p) 4 (4p2 + 5p+).34) (.536p2 *. i134p)} -(.64p2 + 

.8O +.162) ~-(02 +4.56} +1) (4.482 +.192p)-.44(.536}2 + 

.1 34p) '(5.408p2 +.145 +3.45) f (4p2 +4,56; 1) (4p2+5p+3.46)+ 

044 F P 34Pj] +(9.92} ¢ 2.48) (4.072p2 + 5.36p -0.62) [.(3.94p2 • 

4.94} • .9C7) ~2-34P  (1.Glp +1.25) - (4p2 +5p~3.45)(1.67}2 + 

9.3p +.01) -(.64p2 .60p p +.`►62) 1(4}2 + 4.5Gp + 1) (i.67p 

1.25) +0.4(1.7p2 	+.ol )? •(3.53p2  +.e37p -0.59) f(41)24- 

4.56i +1) (4p2+5 - 3. 4) - 944 n 2.34 p 3J+ (0.06Q+oe016Cp2)z 

io+ 



('602 + .0009 + .162) [ (.64p2 + .00&Z * .162) ~0.87-,)2 +1 °3E 

.o9) (2.8p2 	.74p .;,.o9) +(i.C7p 41.25) (2.cp . ) 	(3e5 p 

•637p -0.150) ~2.3.0,p (2.0p2 + .74p +.o9) +(4p2 +5p+3.34) (2.ap 

.7)1 -.(.gop2 2.33p 1.44) f 2.34p (1.t37p 1.25) -(4p2 +5p + 

3,46) (i.72 . 9.3p + .o1)1] -(0.0672 p3 + 0.0108p2) (3.94p2 + 

4.9r,p .%.3 7) [-0o94p2 + 4.94p + .987) 1 ft87p2 + 1.3p •>.O1)i 

(2.Bp2 •r.74p -r.Q9) +(1.87p +1.25) (2.8p + .7)} -(3.53p2 + .03?p- 

'159) j' 	+4.56p+1 (2.8p2 +.74p +.49) -.44(2.8p  

2.3p 	44) ~Qq? +4.56p +1) (1.B7p +1.25 +.44) (1.87p2+1.3p+ 

.o4)3]- (0.4672 p3 + .0163p2 ) (•35p2 +3.79p + •089)L_ (3.94p2+ 

4.°4p2 $ .+~37) i 2.34p (2.5p2 +.74p +.41) + (4p2 + 5p+3.34) 
(.8n +.7)~ ..(.64p2 + .008p +.162) j(4p2 +4.56p+1) (2.0p2 +•74p+ 

.01) -- .44 (2.8p +.7) j -(.58p2 +2.33p + 1.4t) JOP2  +4557 -I )= 

(4 2 ¢ 5p +3.x;6) + 2.34p z .44j]+ (0.0672 p3 +1 ) .0160p2) (2 o 14p2 + 

1.15p > .07) [-(3-44p~ + 4.94p + .987) ~ 2.34p (1,87p *1.25) - 

(4p2 + 5P,0-3-34) ( 9.0772 1.3p + .ai) } -(.64p2 +.gip +.162) :z 

~4p + 4.56p +1) (1.87p + 1.25) +.44(1.67p2 + 1.3p «41} + 

(3.53p2 i:- .837p - 1.59) f (4p2 + 4.56p -a1) (4p2 +5p +3.34. + 

.~:!4 z 2.34P1] gn 0 

10 
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