STABILITY OF
A
TWO-MACHINE SYSTEM

A Dissertation
submitted in partial fulfilment
of the requirements for the Degree
of
MASTER OF ENGINEERING

| in
POWER SYSTEM ENGINEERING
(ELECTRICAL ENGINEERING)

By
RABINDRA NATH CHOUDHURY

J_j/‘fx '{’\O 9:{?:_1::;“ L _'\'T‘\
4L U
. ))9 N ~ ﬂ '7 r‘:\ ‘i’:" \ k.
1 oo 64075 7
SR 3 JAN 1963, ’4\ ¢
.\ B ‘>t (..
‘ s - . \""*' r
N -

.DEPARTMENT OF ELECTRICAL ENGINBERING
'~ UNIVERSITY OF ROORKEE . ~
ROORKEE
(INDIA)
August, 1966



CLitil aCilk

Certified that the discertation entitled "uai. ILILY OFA
I 0-MACH Ny SYuT:M! vhich ic being cubmitted by hri Rebindra

dath Choudhury in partial fulfillment for the award of Desree
of ‘ngineering  in BU_uR SYUisi LGIil LKING of the University

of Hoorkee 1s & record of student's oun work carried out by

‘him under my cupervicion an? guidance. The matter embodied in
thie dissertntion hao not been sutmitted for the asward of any
otker Degree or Diploma.

- Thie is further to cortify thut he has worked for a
period of / ronths from Loc . 65 to __Juns ‘66
for prepering dicsertotion for Kanter of Ingineering Dogree
at the Univeraity,

"w:%“”'g .
[£3 ed- . g. 1 (3.". hsukhﬁn&dhyﬁiy’)
966, Ascocinte kFrofessor
: Eleotricnl :nsinecering Deptt.,
Universiiy of Loorkee,
Roorkee,



NGO L B8 Sleds

Tho author celnomlednes [ i profound conco of gratitudo
t0 Dr. P. | nkhopadhyay, {iccociate Profcosor, llcetrienl Jnginoc—
ring “opiptoont, Univorolty of Roorkce, DJoorkce for hio oxpord
cilcnee cad contimned omcouraseront without vhich it vould havo
boon inpocoitle for tho cuthor to bring this work to thio otozc.
lio hao boon vory kind oncugh in doveting rmch of hio voluchloe
tire in bolping ot ewory otezo of tho work ond giving woluablo

oursootionoe.

“he cuthor is thonkful to Prof. C... Chosh, Profoccor ord
Hecd of tho lleetricnl ingincoring Dopartcont, Undvoroit; of
Roczlkee, Loorkco, for voriouo focilitieo offorod in thodopoartoont

in comncotion tith thic vorks

“ho tuihor oxpro too hisc grotitudo to ihri 8.00. Pooran,
Reo or, “1.ctrical .azincering Doportront, Univorsity of hoorkoc,

- Deozltoo, for hln vrluatlo guidencc anﬂ holp in conniling thio

worite

Yhe ocuthor tilchoo to thonkhio frionds (hri (L. Charm
antl Thri U.R. Chendracekboron for thoir holp in inwootigating
the prorlon. |

{o&;‘ drmim sl Goomn .k-.%

Datad | (Robindronath Choudhury
Roorkco tho 8\6\ 1966.



COBT .Y b,

S GNN W R e Ge YRS

Chepters lapes of the Chapters Eoge purke g
I CoRIIVICALLS vea ese I
11 ACELQ LG T cee | see I
1.1 _LYHOPLUIO ees see 1
1v L1050 OF SBYEBOLS sse cen 2
1. {KIRCLUCTION see ene 4
2. ANALYSIG OF A SYUCLAOHOUS GUULRATOR COLNLCTLD
10 A SYLCUHOLQUE HOTOR THROUGH A L I1L.LIHEB
2.1. Introduction sen voe 10
22+ Eathematical Analyeis.. sae 10
3. THE AUTGEAWTIC VOLWAGE REGULATON I DYLALIC
veho LITY,
3.1, Introduction “oo ves . 18
3.2. Geheme of a voltage regulator ren 20
4. S%id b DISPLaC:LERT S..E06Y
B.T. INtroTuction =~ ees T T aea 25
4.2, Small displocement equations of the
system vee veo 23
4.3. Cample caleculctions for the character-
istic equations 2ee ses 38
5. il ROUGH-EUEhITZ_CRI!unIGﬁ ARALYGL G,
5¢1» Introduction ere see 67
542+ Routh-Hurwitg Critorion on otabilit; 67

53+ Sample caleulations for the snalytical
syatem sen s 68



Chaptera. Someg of Chapters 2age. mrbars

6. Pty U.0Y REUPUHGE AsdlYBls
6.1, Introduction aee .es 74
6.2, The Lyquist eriterion on stability.. 75
6.3. The rysten ac & closed loop systen.. 73
6.4, Sample calculations for different -
cases. vee ses 80
7. CONCLGSIONS e . 50
I, APPiRDIX
1A, Characteristic equations .;. 04
REVBRBHC .G ess see 108



GYLOP LIS,

Cnio thooio Cenlo with the dynanie cotability of a syston,
conolcting of o cyrohronous generator coanccetod to o oynehro=-
nouc rotor through o tio~linc « tho tic-lino having reniotonco
on? rocetanco. Sho annlyolo 1o an oxtonolon of tho two=rcact=-
ion thoory and cquntiocns roloting direct and quedrature axco

quentitico are dorivoed.

The orall dioploceronts theory is introducced to lineavico
thodon-1linzar oquotions of tho ayntan.‘ The chorceteristic
countions of the syston after linoarisation ars fornd cut ond
otability io checﬁcé by Routh'e=-Hurwits criterion. L“ho ayoten
cguasicns are arxonsod in tho proper form, +0 be roprecoonted
ty © cloccd-loop oyston. Cyquiot critorion io them applied
to anicertain the otoblility of the cyetonms for different opoerat-

ing conditions.
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8 = ‘prrolo botwocn the dircet nndo eftho oyneroasus penerotor
o fhe Cimeet oxic of tho gyncizoncus roter in Ao PoCre

£ o grcruoney, cycleo/sces {50 ¢/o throush cut)
w = p2didao 9Or CCGe.
L s oarlep rerentun in pette

d o Iroctic conptont; L= Eﬁ_?

L1 = Input torcue
2 = 11 etenmnonotic $0DqUOe

Opq = ~ucltation volizzoe

I = oopon eircdt Cerminnl voltage of noranl cpocds
P = % a tinc-dopivasive onorator.
8 o rotor oo in Llectiicol rodicuss

kS
n

Potor cnoaloxy voloeddle
A = ornll ehcnte dn o maniitye
¢ = gynion volic o
0n9CHe0 = ICIC TC1.2 Da
ia’ib‘ie = pkaoo currontde
Y HTlun=1inirnse e

-,

fubreripto 4 and q indicoto Glroct rnd quedrature axos ccopononio

rasncatively.

0q = Cq = ¢ ot a cxlo . volinnco
g0 1. =4 e cnis curronto

Lo O g =6 cnl ¢ caio pynelweoncus yrencllnece
= = tolol crootupe eldreud?t ool ioneos Pelle

Tyo totel Tlowlino 2o, irToned AT Delte

= ¢oiol tle=ling wetetinaq L Delle

‘:@(T)) = irncfinnee ernarcter ol ting o the dircol-rmds npr .o

o 4 " 3 4ty Al ' e, oy Mg £
fluzelislocon cdth 3k Cenpds nooniezo curronls



¥ (p) © immedrnee oporator rolating the geonio crmoture flux
aip linkagoo vith tho qe=axic arcoture curront.

G( )y = oporntor roloting tho d=-omio crcature linkagoo with thoe
p (=ozio flolde-cneitation voltago of tho goncrstors

G(p) = ororntor relating tho d-axie artaturo linkoges vith ¢ho
P ¢-oxis £i01d oxcitation veltngo of thaolmelters

Qé = C=nxio troncicnt chortecireuit tiro conctant of tho
peching.
?3 o Qwoxin gubwtronoiont chortecireuit tiro conotont of

the rehino.

e dearip tronolcnt opon-circuit timo comotant.

{ ]
0

Tdn o (wanic 1o cubtennoiont oponwoircuit tino constrnt,
°

Tr o Jenmio tronciont short=circuit tino conotont of tho
uzeitor.
D = Syoton Ganning, ineluding offoet of doarmer eircuitu.

‘The cuffix °1° otonds for the Geonorntor and guffix 2%

otondio for tho rynei roncus notor through out.
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InTR.DuCR10i]s

Tho importanco of poror oyoton otobllity dooo not requiro
ony introiuctione %ho prodlca o wbll imowa ‘%o the “lceirical
Dngincopce “ith tho growth of Cxid Syotens ot voltogeo of 400kY
cnd abovo, it io to ba capoetod ¢that lecdins povor feotor oporate-
ionc of gynchrcnouo gonerctors undor hishly looded cenditlono
becomeo incrensingly cifficult to cvoide .1ith gomeratero unit
nige irercasing, loso of ofablility in ooy subdbccouont Gynoide
rogion of oporation of any ono roehino hocosos noro sowrious problen.
Greootor roliance io theroforc, ic plcaecd on toll designed control

ocyoton vhich extend tho oporating margin of otrvility.

It 48 vell hnotm thot by the inclucion of voltoge rogulator
equipment, the unit of otoble operatien of tho synchroncus nhchineo
con be ontondod to the "dyncrile zono® of oneration, ard o nunbor
of cuthoritative papers(1‘2’3’4’6°7) hﬁvn bocn publichod doceribe
ing thooreticesdl and ecmputorQ aooictod inveotisations into tho
caintennneo of otability in thnt gono.

Ceacorlogg) invootinntis tho offeet of individunol cltornator
pararatorp cud controllor constanto on the dynamic otability liclt
(1.0. the otecdy otate otobility limit of tho controllod altornator)
ond the optirun oporating condition for various rogulators and

covornors oare cntobiiched.

“he otendy stato otability‘g) lindt of gynchronoug altornat=-
orc cm bo nedified by centroliing primo-ciovor toroue cnd tho fiold
volic-os. “ho ctocdy otote otobility 1irdt of o controlled nlior-
nator 10 éofined thove oo dynorde stability lindit. Shio licdt 1o
fofincd lorgely by the focdboek narcmotors by tho sovornors ond

centimic o ceting rommlotoro. Vory 1nportdnt cleo are tho altopw



natoro characteristico, tho load and the oyston to vhich tho alieor-

nntor 1o connected.

In tho recent yearo porticular attontlon has beon focunped
on tho dynamie lirdt of leading powor foetor oporatiah folloving
the trondo o ' rodorn powor oystoms. Thoe effocts of geveral typos
of lond oyoton on tho dynamic lirmdt of an altornator have bocn
investigatod 4in conz rocent publications(7°a)’considoring tho
locding power footor rogione. In porticular, the inmprovenont that
can bde achieved by uosing foot continuouo output-voltage regulater
hac beon the opocific intoroct. Sho offccto of somo of ﬁho fo0d=-
back paramoters introduced by rogulators has beon discussed for o
feu typiéal nachineo oporating ot unity potor factur(g’g) and tho
cethod 1nveétigating the combined offocts o” govornora and control
of the alternator ficld cmeitation have been inveotigoted in
(5)

goparate papers.

C

Ecsserle(g’g) concludoo thot the operctiono of am dternntor
undor dynomie condition in bottor for rachinoo vith lew por-unit
inortic conotont and large fiold line cenotonty chonpes 4n alsor-
nator irpodances aloo affeet the dynamic atobilily limit and hove
to bd dllctnd £0r any gonoral invootigntion. iligbor opoodo improve
rtability ond vith ineroasing cutput rotings £€ thoy are comporod
on n poreunit booio, otability io improved. |

The most rocont approceh to ptudy tho otability lindt 4o
foroopded by Gova(1°) ond Laughton(31) tho firnt onc boing the
goorotrlcal conotruction of thq otability linits of synchronouo
rochireoo onl the cecond one bolng tho :ntri; cnalycige 4 oimnlo
goomatricenl ccenotruetion on o “Capreity chart® of cochine 1o usod
to dioplay tho oporating lincitc.

’:'“--..1..9.-_(11) S T s S SO SR Y,



vhero the froquency reaponoc rotbof enn be avoided, ond by rcono
of ratein alychra, 2 cot of genorﬁl co=cfficiento relatod to tho
toll Imorm Hoffron ond Phillip( 1) constonto 1o dorived, -hich
o8llows complex impodonco torns to bo included in tho analysio. 4
nirnle cltornative in kooping tith modorn oyotonos analycia io %o
fortuleto the lincaricod problornga, nor in torms of non linear
difforonticl equatiens, but in torns of lincariscd diffcrontinl
oqunticno. It 1o tho inveotigntioa of the lattor opproach ucing
rntriz alsotra, vhich de follcwa& thore, with tho bacic equotiono
cotabliched, undor various eircunstoncon.

In ¢thio thosic, the cuthor dealo with tho problen of otobility
of o cynchronoussgencrator connectaed to o gynchronous motor through
o tio lince thoe tie line hoving inductonce and rosiotonce and tho
Influcnco of fant coting cutonotic voltase rogulotor on tho oyston

etabilicy io tolon into conslderction in porticular.

Yho cycten cquationn‘are doduccd acomirdng tho tic-line recote-
once And rocistance to be incluGod oo lookanse valueo of tho pynche
ren-uo rotors In the initicl onnlycio of tho problom, tho author
takes the vorko of concordin, ¢{? sna Hukhopﬁdhyqycza) ao guiding
worlic but kan ~voiced all aosunpfiana. The oyotem cquations arc
(1}

dcdneed reol: finz ‘ircet and quodrnturo axio quantitios concidope

ing tho offcet of voltage reogulator.

ike orall displocersnt thoory''®) 1o opplicd cnd tho otability
of the cynton 10 initially dotormined by oprlying Bouth's cxitcriSQBI
Sho omalyolc 1o baced on tho £rocvoncy rocponce rothed of the oyston

oourtiono forwnrded by Aldrod and Lhoek Hhaft(?) ond Concor&ia(z)

S“ho Routh's eriterion doco not provide vith tho oarydn of

£32bility or unciability of tho oyoten, and {o nsecortein tho lirdt



of stability, the gencral system torque equation is repreocented by
a closged=lo'p 9yatem(4) and the ntability is ascertained by lyquiot-
Criterion. The effect of damper windinge is neglected but the
systenm equations take care of all other factors, such as armature

resictances and tie-line resistance, etc.
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~xtoncdvo work hoo boen deno en tho onclyoio of the oynolirow
rougp roehing, oo fore botabliched rorl io nloo thero, for the
cralynio of the inter-conncesions of o nuntor of mnchinos. Honeo,
7 this corky tho cuthor hoo analyced o oynehronoug goacrctor
conrceted to o cynchroncug cotor throngh o tio~line, "hc ticeilino
koving the reciotenco omd@ induetonco. She ontiro anclycic io
bocod unon the tuvoe-reootlion theory of cynchronouo m:chin0513)
<ho tvo cachineg, connceted dircotly by o tic=lino oro, herover,
acounad to bo ideal, az dofinsd by Parksgs)
242, LULTLiA?ICAL AUALYu1s{20)

“ho rolationg botwoon tho voltoson ord curronto of tho ¢woo
raechinco oxo analyced roleting te the dixcot ced quadraturo
ares oY tho two machinec. ko gynehrenounp gonorctor cnd tho
gyrelzonona potor nro donotod ao roehine 2 cnd rochine 11 for
nll further onnlysis. LSho phacor dicseen with soopoet %o & crd
c=crio oro chota in £ig.2.2. An initicl copsratien of cnslo J
1o nrooeed botooon tho two diroctenxzos of tho coachinos, ond
7a® rhoco 1o tolion co o comnon axdo of tho two rmehinco. Horo,
tho curren” cni voltegoo of rachime I tdll Do omprossod in

terrs ©F tho r-ehirvo I

“hene eauntions equally will opnly for ourrcnio, vollnnoo

ond I 0%%

10
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F/G 21 GENERATOR CONMELIED TO A SYNCHRONOUS MOTOR
THROUGH A TIE-LINE.
SYN . SyYN
GENERATOR ' MOTOR
TIF- LINE

A (e,

.
>

a

COMMON Axis oF PxAasc- a’

FUG 22 PHASE RPELATION  OF DIFFERENT.
QUANTITIES IN TERMS OF D X ¢ AXIS.




The torminal voltogo relotioms oro,

Ca1 2 Cnp

Ol‘ﬂ = cbz | ves ee9 (?01) |
%1 % %2

“ho arcoturo curront olationo orce=

13? = - 1&2 sae
ib' = e 1b2 aew eee (202)
e == g2

Yhe ongle rolotion 1o nc chovm in tho £ig.lo.2.2.

8 r::({--b 62 'YX} Y (2»3)

1

“he follo7ins rolationo oro woll knowune

1Q = iﬂ Con 8 = iq 5in & 4 10

i, = 1, Cos(@-!Qﬂ")-iq sin(® ~120%) 1, (2.4)

o [22 ‘ o
i = 1, Coo(8+120 ).,,_q s4nl{® +120°) *14

G

ar? clellerly fox tho veliczooe

e = 0 Coo ® - eq Sin 9 + %
o), = 04 Con(® «120°) = 9 cin(o -~ 120°) + 90(2.5)
0, o 0g Cos(® +120°) = % 2n(e ¢« 120°) « %

Tron the obovo equntic o (2.1), (2.2), (2.3}, (2.4) cord
(«25)% 211 the currcais ond voltoroo of rachine 11 con bo
exprossct dn tormo of the toehino I cmd tho vice-verco. Ond

tko Zollculnsg coto of courticn oro ocuvtadneds
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LA X ] | sad (206)
q2 '

Coa Jo

J‘ o0 e XK ] (20601)
Q :
= Qa? «uinS,@- C’Iq‘ Coo 3,

2in J,

cea {2.6b)
coﬂ !o

g = = Lgp Cood = 14,

o2 102 51!! Jo - iga

e S+ 1, in
1&2 2 -1(11 coa o ¥ 1 i {in do

q
ewe vos (2.63)

o "'1&1 uin ofo -4, Cond,

at

loxo, ro czprocoion will Bo found out for tho 4 cnd g

cormencntn of tho curron? £lou im the CSyotod.

¢ ncw thagw
i, o % [:13 Cop &¢4,y Coo(8=120°)¢4,Coo (8 ¢120°)1

(2.7)
1q =5 (1, 5in 8¢ty .1n(8-120°)+4 S1n (8 ¢120°)]

thoe 1{1 ord 1. of the abevo rol tionc chow thot, thoy may

qQ
Lo rosorded oo projoctiono of tho paymitudos of Oqs Opo Ono i,
ipe 1, 02 the rmtually perpondiculor dircet ond quodraturo azneo
€or the ©wo mochlnoo, 1f oy, Ops Oy 0%Ce OFC plottod nlong

thrco coually opoecd o, by, ¢ oo cco—on to tho two wachinoo.

“ron tho Pork'o originel cquaticnohm for tho oithor

oachines.



ey = &, Sind,

= pNg - l’Yq - Ty vee
& = ®n Cos &

= p'Yq *OVq = riq ses

Whom,
) =p (‘*)ot "S) - wo"‘pcgoao

In the stesdy~otate,

P‘*Qg %310

then for either machines,

ey = - ‘\’q rid
ﬁxq iq"’ rid .0..
eq =g = Ty
ﬂEﬂxdid-rid o e
where,

r is the armature recistance.

ihen from ecuctions (6), 1t ic f@und,

a1 :lq, -rylg, = X2 1‘12(!0&504-(32-3&21&2)8111 Jo

LR X2

LE R

e

LA R ]

-1‘21(12 GOSJ;” rziqz 3111 JO

and

14 .

(2.8)

(2.9)

(2.10)

(2.11)

(2.12)

(2.13)

iy = xgy 1gg = Ty == Xgplgp StndalEymxgptp)Con &

*’1'2162 sin&“‘rziqz OOB J;

(2.14)

now, substituting the ecustions (6c) 1n the above two



cratdens, it 4o ebtninog,
To1 SqrTedgr © (=1, 528 J,-imcoa&)xqe Coo {,+D,Cin f =z 0%

(154 Cosd. #3900 d¥an ~25(=3,4 Cood,+

ﬂq1 ﬁ'ﬁn J‘é )000 Jo"gzc"gd? 53.21 J» "1q1 ceﬁ Jo )Sin Jl .

0% gqq(aree Tap Sin d,Cond mmy, Cood, Sin,f,«»rea Coo?, -rzﬁinzcﬂ, Yo
1@(3@ > xgecooa&-a-xaa s1n?d. )
aB,Jin 4.
{2.15)
Simtlerly,

B«,"Kﬂ,iﬁ1 ’E11Q1 ﬂxqa ‘1&1 313 &.‘o‘iqt Coa&)um&, ‘3’326004‘.'5‘

zﬂz(imcos& -1q,:3m&) Cood, op(8,, Cood -

1., Hnf )iind, 42'2( 1495404, o:iqﬁCaa J.)Coo de

qd

oo 2 2 .
iﬁ? (3&1“’2{@2“@ o(, 03@2 Cop’ Jo)‘}ig? (xqz ulﬂJ; GOOJM‘}?‘ -

S0 {ind. Geo Jﬁﬁ'e Con ﬁ)mnﬁana Coo Jo
soo (2.16)

OFy Zan ¢ Bgo Za2 =360 Coo 2/) L i
1ag(mgg ¢+ —p— =& 5 LRl

Tin 24, op 422,000 24, JuD, = By Coo o

oz, L’aiiucfo 104 (31¢r2 s Zan ; Za2_Sin 24)

4 (2.17)

y 83

ad Bpp ¢ 3 -
(zgq » P02 . SR8 o 2f)



L, -E, CosJi- B, Sn d.

XantX Xin=X 2., =X
xq .+ 9202y 02202 Cop 2 4(zyer imB—Ritn i)l

¢ e dgq

es{2.18)

~here »

b 4 +Xx 1 - X '

' X.p = X
Ber,+r,Con2d = Msma&

The chove Ywo ecuntions glve tho expressioms for currents

and thece are similar to the ecuations derived by e.CGBoorﬂia(zc)
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“bho ctoody=ototo otabilidy 1imit¢ of cn cltermator o £in o
o pwirmn otocdy lood tho clicemator cnn c'\m citheut £21ing
cut of oynchronicme Shio 1ini$ ccn bo Lourd omporirontolly by
lecdins tho ol¢crmator, irercccins tho lecd in ool otapd,
untill 4¢ bocomao vnotobloe Choorclien iy, tho lood ctopo
cheuld bo indindtooionlly scall to cveid tronciont dloturboncos

vhich obocoure tho rosulto.

“he quick aeting voltogo rosulotor com imeronco the otoble
1ity 1linmit of o oyoten 40 o woll diceucced cubjeet. Zdcbord :(22 )
and CM(%)

ro: alators to icmrove tho otondy-ototo stobility 1icdis. Lhooo

atroocod thoe nood of cutonntic emielr ceting wvolteone

dicouacionn & oupg-otiens rovonlod $ho mocd of 2ho voltore
roulotor to ioprovo tho oftobility 1irdd, But, nropor attomnd
o not noticsd to foxrmilato tho couincont in echjurctica vith
t22 othor cermoacnto of tho ~yotone.

-~

Lror, dn o Lyonoe pogor, Concordin

(1)

comrolated tho
voliese rosnlotor cetion with the funlomontol cyoton crnuntlionde
“ho mmthor esro to iopoxrdcnt concluoionc thrt o proporly decignod
rolioge roylator enn Anmerosco tho gtoody otnle otatilisy 1icde
o? o cymelroacuo ichine by o ccnod orcblo cnouas. In the 2nd

nzt of o papor, 44 oo dicourced tho utability of o oyotors
(0 grnceroter Bodn commoetcd $0 G oynie Toacuc rotor) uncor ho
i-€leneo of cutenntio volico momlntorse Lic Do cheon (g

‘Ie poror 14rd¢ eon bo dreronso by 15070 vdth tho quiek netlng

1%
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“ho glocdy=otato otadility 1icdd of on cltoxmalor o £in. o
tho romirun ctocly lood tho cliceaator con cargy cithcut £1ing;
cut of oynchronicne. 4“hio 1ind® eon bo Lovrd ompporirontclly by
leoidin; tha olgcraator, imercnoing tho locd in coall otaps,
untill it boeomos ungtabloe Chooscfler.ly, tho lood ctopo
skould do infindtoocimally owall ¢o oveldd tremoicnt dioturbonecs
vhich obcouro tho Toculto. '

“he aquick acting voltago woruloator com ireponco the gtobl-

lity limit of o oyoten 4o o 21l diceucoed cubjeet. Eicmcrk(ag)

(26) atrecced the noed of catomatic culek cotirs voltose

cnd Creowy
rorulators to icmrovo the nicady-otnto otcbilily 1imde. theoo
dicoucoiono & cupn otiono rovonlod Cho mocd of tho woltore
rorulator to ipnrovo tho otnbilidy dcit, bud, nropor otiornt
<o not noticcd to forimloto tho coulnmsot ik ecnjureticn tAdth
tho othor ccopocnonto of € ~yocton.

(1)

intor, in o Lyrno. popor, Coacordin co=roloted tho
volicso rosuloator cetion with tho fenlenaatod oyoton onuntionse
Cho ruther eamn to impordcnt corcluaionc thet o proporly decignod
vollozo o alotor ern drnerocco tho getondy oftnto otatdldcy Liris
£ o cymchooncun rehine by o ccnol oroblo crsuate In the 2rd

nort of Do papor, 1€ veo diconrced tho utability of o oyotors
(o gonorotor bolas eonmoctad o o oynie BCacus cotor) uncer tho
i-glncneo of cutenntio voltose posmdlatorre Lo Do choon thog

‘1o povorp lirdt ecn bo iroronso by 15070 tAth tho quick ceding
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voltaso rosulotors =0 pocoible poin in nooop 1indd for €00
coenines 1o conoidorably croator than for o cinglo cochino

coanooted o on Anfinito tuoe

Do diviclono of tronciont rucetoncos botoocn Uwo ofklCrw
wico cirilar cachinos {ceting oo rotor ond poncerctor) ooloo
1it%le “ifforcnco, but if the f£fleld timnicunﬁtmnﬁa of too othore
vigo ocimdlor rochines ayxo difforont, tho manirmn povor lirdt do
obicdrnod 12 the Ti10ld of tho pochino vith exnllior line conctont

1o =coulated.

Jeur yooro lagor, tho ormo omthor, Goneorﬂia(a) tricd $o
huotigy the wce of on crple regulotor in conjunction with cn
cutonntde voliano rosulantor to irprovo the cycton otebility. in
caslo resulator wno Gefined by the cuthor oo opnlicd o cyrchro-
neno coeghinoo oo o rorulotor that vorios the roachine ozecitotion
vnlﬁcgé in rechonco to ckeppoo iz the arglo botoeon the rotor
intornole azilo cod tho offcetlvo cyutom,vcltigo co cc to tond

20 rootore tho 4nitlally rot ocnzloe.

“ho vrineiral concluclonz of thad poper 1o thnt tho dynonie
cotion of the nnglo ant! voltego regulotors rear tho rycton otoble
1ity Urdt avo osccontiolly cquivelend, co thng tholr offceto on
otabdlity 1irdt exn by : wopor populetor decdrn by rodo proeticnlldy
indisctinsuiohaldo.  Sho rmoed of crglo rojulator oon not bo thorow

Pore Goemonotrotcd or tho brols of ctobility rocaircrcnites

In tho nercol oporr tion 0f o synenrcnous gemointor over i¢o
lond reniio, 1¢ 10 custornry . nd drdoed, 1% cocms Lipnly ¢ocipe
ohle cnd olreot nceos:czy o rointodn voldnno mathor lecd cnplo

conotoat.



Lnotheor Ji7Torenco in porfozronco oveor tho lecd cngle 1o
¢h~% oo the oncrting cnnlo increncoc tho voltogo &rop for o
cAvon ri-lo dnercicoc, oo thot the veltage ropulotor tondo o
cet rore od rome in rocponco ¢o pouer dnput or cyoton chonon

e tho otobillly 1indt ic cprroached.

(anordo .’:u‘mok(S) in o paper ototoo theot chon uvoldng
cerdmvainly cotlnr reulators ond gevernozo, norstive foul-boek
e he ingrofiecd, rml tho cltornator eom Bo leclcd boyen 4o
or'inary uioidyectnto atobility 1icit anmd ito lecd cowido may

e oreo nood o norrl Cowirum.

Tho ovor 011 ctexdy=otote or tho dyromic otobility »orniso
ic to0 nor- cmtort dnvorscoly pronoztionnl to tho cynchronouos
rcaetones of tho nl%cractor, thio opnlico porddiculrryly to tho
ccrdition thon the oxtermol ronetoneo o 4o ornlle Simo Sho
58aBility 1icdt oitheut cordirucuc remuloticn ern ko rehiovod
enly by soéieliro tho cynehroncuc roretrnecs which involvec on
inorcoco A the fecmo cdeo of <ho oochine, with o ceacd orcbdblo

ireyc: o in B2 ctie.

‘oo vodn o contioueunly cetdng roodater, cuponolvo nliop-

notors tdth lopns £ioro eam bo avoedded, vhich zefucos the ovor-
M1 coct. -0 nsenorel, tho otadllity ronge of o rockino con o
ineroccod by 50=1097 cith eeatirucuo veltege rormlotors, ovon
for o po.ooy Loeter oo 1o 20 QeJe

L1Cwod & li:::cif,;::l“::zf‘t(s) nlco chocd vt tho cterndy=oiato
~eetility cds 1o drnreved by the vollrse respnl-tor cetleng

widle tho terncdcnt ofcbildicy licdt 10 rot cf£fceted rcolh

2(



SCHEME OFf A VOLTAGE REGULATOR
( Brock D/aGrAm ) .

N R+Tx)
Ay A2
(2T D I+T dop
Er 4 4 4
¢ I I & 2 S

5 |

L ) v

A = AMPL/;‘/[._@ .

G : GENFRATOR .

7 = FEED - BACK .

-




I4 troots the flow of load curront as tho dioturbancos oo

showm on the block-diogran.
Yhg reoforonce voltage ic tokon as constont,

o.oAEg = Acf 3 _&"—_

1¢Tdop
K K
aldg =x 1‘_1, b24 n%
T p 1 ¢;dop
3 hAVx X ~ seo (301)

for the oteody-ntate condition-

AEg = =AVhe KK, & (3.2)
+°e The amplification factor io defincd ao-
A -
K1 2 'a' o= ER ses Tese (303)
hea ¥, I(2

In the procoss of the analytical analysin in thic thesis,
the cuthor found it difficult to ascertain tho value of tho
fecd=-back goin h vithout propor oxpoerimentation. Ofcoursce, tho

other foctors can bo formmlatod & reclistic dota con bo solectoed.

Concorata’?) 1n his invostigaticn of two machine etability
has drown o serios of graph botween the power angle and the
amplification factor. The most suitable value for "a® ig
between =1 to =35 and the raximum pover limit is obtained at

Q5 - 2050

Here, in this analyticnl onalysis the valuo Lor the ampli-

fication foctor ic occlected ao a = =2,5,



Fe2e il WG A0 AQLICIS

Tho roslntor 10 rospeaoive $o the chrngoo in torninnl
volsaso o2 in voldoge ot any opceifiod point on tho oyctom oxd
coso on tho ficld voltogo of the synchroacuo oochine. Zho
ro-ulogor intreducoo & chongo ia tho fiold voltone oo o function
of tho chrnro in moznitudo of thoe torminoal volioso Oy

eleAD o Gép) AOB | .aoe sae (3.4)
VIESTO@ . T ——
CQ 91/ 0% < Og‘ exw XY (3:5)

| ond G(p) © m vhich io oot olcple operationnl
oxprocoion for tho ceotion of thoe rogulator ond doos not have

$lro 103

Dieforontlating (3.5) ith roopeet %0 oy & o

Q'
A'OQ = 0:} Aﬂa > 0‘; AGQ o sen (3-6)
o) Q
thora, o:::?s o 20 § ob= o
0, Q Oq
% 0
“ho chuaro 4o toxninnl voltomo ic-
® -y . ¢
e o Al B(p) E OG A Oa o Oq Aoq-x ave (30?)
rhore,
e ¥
o -2 31 »on se (308)
% = e, 9 )
(mdg an - -\\an -3 iﬂe 0o o0 680 (309)
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QE SHALL DISPLACELLNY THEORY

410 IUARODUC. L.t

vho otobility of synclronous machinoo hao boon otudiod dy
. orlzoro liko Kgnbark(QZ) and Grary(zﬁ) with tho holp of oqucl
apco critorion. In that mothed, tho poror anglo choracteristic
jo drovm eithor with conotont £i01d flux linkogo or conoton?
voltozo bohind tho tronsiont rocetancos Tho 1imit of otability
in found by o purely goorotrical rpothod, i.0. oquating the cccol=-
croting cnd votcrGing enorgico. %ho mothod ic good for first fouw
owingoy lotor on, due to the fiold docrecmont, the pouor anglo
charceteriotic 1o chrnged and it is not possidle o ascertain
otability. [Lorcover, como poradoxicol reculto are also obtolnod,
i.e. tronociont otobllity limit is groater than ataadgaatate
otability limit(zz) thon voryfShort cleoaring times are used, the
trangient stobility limit, coleulntod on the basglic of constant
£icld flux (conotont woltopgo bohind tho t4wrnsiont rocetance) may
even oxceed tho otoady stato litdt with tho foulted circ 1t
gvitched cut, calealated on tho bacls of constant field currong
(conotont voltage bohind saturntod oynchronous recetonce) of voluc
detornincd tho profoult condition. YThis is poroible becauco tho
teanolent peactanco of the synchromous moehine io conoiderably losn

thon the saturated gynehronous ronctoncen.

Dom=o=dayo, the mathod of omnll oscillations 1o cocnonly ucod
in stabllity otudion. Tho smnll dieplocerant of rotion of tho
rmachines 1o obtoinod by assumdng that eceh voriadlo chenpos by o
vory crcall onount durdns ony trocooiont dinturbamece It 10 1old
Imetm that o synchronous mehing 4o analogaoua %0 o paco dorpor
cvrdng oyotons Sho omall oceillotion thoozy(?4) offcetivoly cli-

rinateoo ¢tho aonelincer “orric inm the ocuetiono ~hieh othorvico, 40



o non-lincar ¢ifferontinl cquation of highoer order.

‘?he initinl stocdy state conditions arc donotod by o puffix
‘0, Actially, the omall dioplocomant thoory, initially doceribod by
Pgrk‘iQ) in relcotion to synchronocusn rachine and to organlce thom

into correct f rm for roprecontating by o closed-loop cyotonm.

Initiol values arc found ocut firct amd thon omnll displaco-
rento arc applicd to tho equationn of the voltagos & torquoo.

The acdition of dcoper windings moy be may not havo an offect
(4,

that danping‘croatod by volimsge regulators action and subsidiory

on otability wvhen o ﬁol*aga reguloator io used 6) 3ince it oppoars
food-backo oy well outweigh ony damping introduced by ammortiasseur
uvindingo. 7Tho voltage regulator actions and the system load makes
tho syston to bohave olnost oo a ceritically damped. Thus in thio
annlyois, the domper winding io not conslidored vhich reducos tho
further coﬁplication in the othorwioo, tedioup & complicatéd charac-

torintic equatlon of tho oyotom otudied.

» %he omnll displeecnent cquntions aro derived ond stability
nay now be tooted by any of the coriferion.finco it is vwoell knowm,

due to Lyﬁpounoff(12)

that a2 non-linecar syoton bo studicd oftor
linecorising and thog-
1. If the reculting lincar sys en is otoble, tho original

syeten is nlco stobleo, and

2. if tho reculting gyotom is unstaoble, tho origincl oystom
ip unotabloe.
8e2, Li.CouiitiliAL BUUALSIONSgwm

For o caliont polo gynchroncus pachine, tho veoltoge oquationo

iu the abconeo of soro-ocquenco tormo for dalanced oporation cro oo

follo ot
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Ca © °p 24n/d

Gpwﬂ -D V¥ q" E'ia eoe ooo.(@o?)
oﬂ = OB Coo
o P *Vq L D"’a - 2 1@. ceo0 o0 (402)

Tho auantitieo reforred to the synchronous notor of tho
syoton under concidored aro donoted by cuffixz °2', honeo, tho

voltoges of the cynchronoun rotor are oo followss

Oaz o p‘\’dz ""y-"v q2 - 1‘2 1&2 eoce soe (403)
Qqa s P \qu + Y az - rziqz eee 2o (4-4)
Whﬁm, D e P ( 1t -J ) = Wo'ptg oo e eon (405)

Ao 0ll the flux linkage rolations cnd 0ll the rotor, ecircuitd
voltome relations are linear, the ecuntions can bo writton in tho

operationnl fora oo follownt-

\\Jd e G(P)ef - 1& 3a(p) | eoa see (406)
'“Yq = = KQ(P) iq ’ ose o0 (4::7)
('."hcmg G(p) = -";L—""" s ses (403)
p&do¢ 1
2 (n) =<§ﬂS1¢FT&) o (
a P . see (‘409) Kq(p) = I!q oee 4010)

t
?+pTﬂo
Putting the valuos of tho oquations (8.6) end (4.7) in tho

oqurtiono (4.1) ma (4.2), the voltoso oquations of the o nchro=

nous rotoxr Orce
Cas™ PGQ(D) Opn = Iﬂ-dz RﬂZ(p) < I!QE(P)iqzox‘eiqg ess (4417)



- goczonticting with nerpeet 0 ¢ ond taldng tho oSocdy

- . L 9 A 9 - 3
stare walte 0o *0° G irgzcronicd cubseriptlonn=

" - &
A ogp = Bi(p) 4 2 = Paa(s) “la2 ¥ L Bao(p) g2 ¢

Za2(p) Le2>P T2 a2 oo (8413)

ard,
€ NE)

v, A, Av.
= = D Zga(p)*2e2 * ¥ Ca(p) " %2 * Pa(p) B2

Saa(p) Slaz = Baa(p) Ya2tY = TpAlgg  eer (4010)

C. coacorﬁio(i) in ko ondlycio of otolility of ¢vo rochinoc
comooted through o tic=lino, hoc anclyced tho offcet of vol:amd
rogalator oetion dn both ho cechines. In hig diccucclone ond
onalyvio of otcbility limit, ho juntifico thuat one voltcsoo
rerulator 1o ecuclly good from tho point of vicw of otobility
licit. [Proo thio ignortont info cneo, horo in thio arnclyoio,
tho cuthor will uco ealy one ropulotor in thoe oymskon. %ho
entiro onclycic 1o taced on the use 02 con cutomatic voltoge
rogulater oL 12 gounerctor terninnl only.

This ototon thut tho toems

P2(p) “Ba =0

& 2(9) =0

in tho oru~tiong (4«13) end (4.14)e 9hoo tho otova too oqunticno

-

£OCrCs 1€ =

& 942 ® = P Zap(p) A a2 * Y Zga(p) “la2 = Fq2(p) el

322 Aﬁaé coe see (4015)

%2 = = P Faa(p) “tq2 = P Ca(p)Ba? = T Bga(p) lag®

Baaf~) LrpD = 2, A4, ooe ase (84157)

I\
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5o the Vr_;ync.'as:ur.oua opcrd 1o codntoined con. oant throush

gsiert

Ump(mpé’)nt‘rupcf

,°.2%= Eb MAAVS - D‘A‘S som sss (4016)

“a7 Glvfcrontioting tho cqunticao {2.6a) ond (2.6e) of

choptor 2, tho Cfollswing cquetions oro obtolnode

- 5in S =lon. Cis 1) A4
A @gp = B0gq C03 8 Aom in S, (om "iac(o-mq, Condo) &

eso oes (4‘17)
Aoqa = Aem 34n 50 *a oq., Coo &o ¢(amcon $ oesmﬁinéa) ad
seo [ X 4 (4018)

Blgy = =0gy Coal, + 24 ﬁm&,@(am smsooﬁq? Cond. )Aad (4.19)

qi
ALyg = = Adg, Sin do = 8444 Cood,=(g,,Co0 5_0‘4@‘381“ §) 4 §
* L N R ) * e d (4.20)
Uer, tho countiono (4+17), (4.18), (4.19) & (4.20) aro
cubsti~utcd in tho oquations (4.19) amd (4.15), tho follouing

caustions aro obtoincd -

4049 ©03 d o =29, Uin Jo = (Aim c@acrg-aam ﬁm&‘)m{i?(p)‘

at
(154 Sind, ‘3‘3‘3?5@8&:)3 D Zgo(p)s= (2844 Cind 04»&2@600 ) =

3 . Coodi) Rq2(p) PAI= T2 | = 28,4 Cood, a1, o Cind, ) ¢

al
(1(“ gin d, + 1., Cond )Aél ~a~(<)m Sin J"%qo Cond) Ad

s . oee (402?)

qQt

Reayrcnsing tho dorrs, o cruntien 1o urition co =



& ©a4 Coud,=40qq Lan Jo

o D Taa(p) ¢4 lag 000 &= Algy Coo %)= Toaa(p) =

i1a 4. > adgy Coo L)e myl=aly, Cood o a1 . Cind)e

K"g Eéz(p) (3e% ‘*\mc[o‘} 3@1 cOD J") g c’o xqg(p)( 2'&1 COSJG-
3q4 nd) ¢ 3D (Lgg H1ade 1 Cood)-ryllyq Sinde
| 149 C0° & Yo (o&1 Sin do ¢ 0y Coodi)]ad. ees (4.22)

Sirdlorly for ¢thu cgurtion (4415)

A Oa-a Sinc(;(’ Ao Coo cro

qt

24049 = (049 Co0d= %1 Und)Aad

=2 an(p)K—A id? Sin c(ﬁ 'C"Aiqj c°O ng'c' anz(p) ($a1c°ﬂ°(°”

Ai 31!! cfo) - Wo xaa(p) (16.? sm c{o éiﬂ? GOOJO)AJ <

ql

Raa(p) P (=tqq Coodo ¢ 44y Ginddsdem, &Aamum o =

Qt
0@11 fim c;o ) & J vas coe (4023)
Foarzcnping tho torro, tho cquation con ba crition 0o =

Aogq “in Jo <A %a1 Coo So

= D Zao(p) (Aam fAndoe ad g Coo do )+ ”ozae(p)mim%ﬂcﬂ -
(139 Coode = qq Fin de Y=p Ca(p) B2 = % ada(p)(amtmoﬁ.o

ﬂ‘q‘i Loo Jﬁ}ﬁ* 3@(}?)@(\.%1 Coo ., "39,1 ag,mgo}».« re(gmeoo&_

ﬁm fand, )= (cm Good,~- O &in&)JL\ d. ees (0624)
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me 38 TOT vnit, tho terquo of <o cchine 1 o given by
beL o e

Il 6 cos ess (Q 25)
’73‘3 = \Ya \\)Q‘ﬁ 0 'QB 3 *
1070 t‘q a —T‘E%—““

£4 coomontinting tho cbove oquntione=

y i o A
INLAER ) tar =Yq0°%ar 1qi0°Tar = da10* Y qr®
4 2 [ XX 2 L X2 ‘ ‘2

Do, ropleeing tho woluon 0f g B4 goq £ren tho

cquctiono—
N\)Q{W o 31 - Eﬁ? iﬂ?O seo se0 (4027)
\,vqo? 3 = Bq‘a 3q07 oee coo (4@23)

tho increamontal topruo cruation io obtoined 0o -
A L - Ve -
A 2¢ = % an™lqr * 1901 C(p) 251 = Fas(p) A Las) Yoov™das

1&0&- Q(Q)Aiq“) < U?p A 9? sao soe (4029)

ow, voplncing AL, £@cn tho cquation (3.7) of choptor 3
9

and rearrenging the Groo, the ccuction roducos $0 -

. [}
- 529 3 100¢%(p)C1(p) a & %ay ¢ o a 291 ) =1 Ye01 *Zas(p)iqo1 ™

all 2
b 33? ¢K_\\l&0? * g@o Rﬁ]ﬂ(@)} EAiquﬂP Ae? coo (4030)

Ag the oleetrlesl torque of tho o pachinoo orc oquel cnd
oppoodto (oo tho oachinoo of camo ratingo ore oncucod) and i€ thoro
are no nochanicol donpirgs 00 cxnlodnod in choptor 3, ¢hoe cecoelorate

inz %orques ray bo onmuctolde

I??'na 89, o = Lp°a0,

o ;:ﬂu? 2 (& G A@a)

o] Uep AS . voo 000(403?)
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Thorefore, the ultipato imerocamantal torquo 6@3%1011 10=

. ' ' -
Mg = 1008 (p)B1(p) (0a 2% ¢ 9% %1 ) = Yo" Zai(p)tai| =
2
Bl *K“"ao * a0 ”q‘i(p)'kAiq‘i ¢+ I'p° A ¢ eee (4.32)

Tow the inercorontal voltope oquaticno of pachino 1 can bo

vrition similar to cquationo (4.15) ond (4.16)-

A ogy = =P Zay(p) Adaq * ToTqi(p) Alar “Fqilp) LqiP2¢-

21A1a1 @ b 61(D) AE1 . e e ses (4.33)

M@ 40gq = =P Tga(p) Adgq * TCy(p) 281 = P Cy(p)B4™ = ToTay(p)®
Al

a8+ 290(p)day P Pilgq e ces (4.34)

Cow replacing 4 B, from tho aquation (3.7) of chaptor 3, the

voltome equntiono are obtoined es.
£ ogq ==a1(p)*ar *"o%q1(p) A a1 Fau(p)iqiP?d Tyttt
w?(p)gﬁ(p)(\ 0q AOgy ¥ Og Aoq.‘) cos see (4.35)
A 9q1 = =P Tgq(p) 4 2q1 * T0%1(p)B1(p)*(04 8%a *9q40%s) ~

PE(p)E4 08 ~ToZai(p) 4lar * Za(p) LagPeTy Algg
oo ese {4.35¢0)

Doz, writing tho omaticas (4.30), (4.22), (4.24), (4.34),
{4.350) in tho oitrix form, it is odtainod thati-
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n@ho*q [ X X
! :
- bR (I) 105 g, b (E)E L. (@) ibge | dy1POu_ | v |
0 $(O10g gy bg(Dbgan | ta = (DP0xa-) () 10y 105 (0)1g(d)1g0u| 106(%)1g(T)L50u
0= 1by (4)iby 4. (0)ib20,|  +z-(9)iPra. 105 (E) 1g(d) bga| (~+Pa(®)tg(T)boq
vAOb utg P.U@. - O%QOU PQOV_ . | |
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zby0 |
+(%s 1e pv«s p sootPy) (2)20y a0 :ooaumanoh 10, are ($)2Px0 ] .
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The determinant of the characteristic matrix is the character-
istic cquation of the system. Z5ho determinant is a five by five
one and each factor contains a number of terns. The oxpansion of
the characteristic equation becomes'vezy complicated and lengthye.
So, the characteristic cquation is left at this stage for the
general case. The charncteristic equrtions, ofcourse, will be
found out in the succeoeding calculationg for different operating
conditions of the system.

4,3, SAMPLE CALCULALIONS FOR DIPFENENT OPERALING CONDITIONS IO
CALCULATE THD CHARACWERISYWIC E UATIONS.

gzs) :

The following characteristic machine and system constant

have been selected for the analysis of the analytical systen.

FOR_THL MACHINE 4 FOR THE UACHINE 2
%24 = 1,25 p.u. 4 Xgp = 125 peus
Xgy = 0.7 peu. | Rgo = 0.7 peu.
rq = 0.01 p.u. Ty = 0.01 Peute
T301 = 4 secs. | Tio2 = 4 secs.
T39 = 1.5 seco. T4y = 1.5 secs.
H, = 5.3 Delte H, = 53 pe.
\f1 = 50 c/o. 2, = 50 c/8.

Re a2 0.2 Pelley ?e = 0,066 Peue

Trﬁ1 secB. WOB‘

Tho external resistances r, and the external reactance z,
which are due to the tie~linc are included in the machine 2 for
all calculationg. These values ore assumed to be the leakage

values of the machine nunmber 2.
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Excepting the condition of operation = 0, the expansoion
of the charccteristic déterminants are not shown in this chapter
a5 it becomes very lengthy and complicated. However, all the

cases of expansion have been shown in theAppendix for refercnces.

“he expanoion of the characteristic deoterminant of equation
(4.36) is shoum here by denoting the terms of tho determinant by

series of terms nn chown belowi-

* m—
D E|. A B c
d @ a b ¢
d1 e4 B4 b1 cy 0
dz ey 8, b2 Coy
ds °3 o3 by c3
;.7 (4.37)

The expansion of equation (4.37) gives the characteristic

equation,

The expansion is shown on the next page.
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The characteristic equation is -
¢ [8,(by05-by0,) ~ by(my05 ~ 850)) + coylaby ~ b2a3)1
8 [,(bye3=0,5) = by(es04 = 0pe5) + cqlesby = byey) |
b [e,(8,05-0,85) = a,(ey0y = 0505) + 0q(0r85 ~ 050,) |
cK(lzb3 -85b,) - -'h,_(02b3 = byeg) + byle ay =~ wjey) \
a(ay (by037b305) = bylayoy = a505) + oq(azby = byay) |
a{dy (byog=bsc,) = by(dy04= ©y85) + 04(dsby = bydy) |
bla, (ajox-850,) ~ a,(dy0q v 0595) + c,(a8, - °3‘2)X
cld, (8 bg=asb,) = u,(d;05 = a5b,) + by(d,85 = d50,) |
a4 [eq(byesmo,bs) = byleses = 050,) + o(e by = o5by) \
e 18,(b,05-0,b5) = by(dyc5 =~ 585) + 04(d by = @5b,) |
b Y_d,(eac:,,-eBcz) ~ 04505 - d50,) + cy(dz05 - ds‘a)‘x
¢ [dy(e bymbyes) = €4(dsby = yds) + byldzes ~ eydy)
4 [og(age5-850,) = ay(0505 = 0305) + oy(eza5 - e50,) )
e 4,(ay05-850,) - 8 (8,05 ~ 4505) + o, (g5 ~ 8,d,) |
[aq(ese5-c 05) = e4(des = d405) + cq(aze, = dg0,) )
[8y(epn5mae5) = 04(d5a5 = d58)) + y(dgey - dze)) |
{e,(a2b3-b213) - 84(eyby = byeg) + bylee, - ‘2’3)3
[84(a3b5=by85) = 8,(d,05 = Dydy) + bylaye, = dsmy) )
(2, (e by=by05) = 04(d b5 = dyb,) + by(dses = dge,) |
[dy(egnzmaze5) = oy(dz05 = 858,) + 8, (dze5 = a50,) |
= 0

ees(4.38)

38



Cindh 1

THE OPL .410G CCUDILIONS
0=LOAD )
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02 o Xl G Rulus

(To=16nd ca 2o Syntom).

%1 = V_Z_Po“v %2 ﬂ‘/é- Eouo
B«a 2 7.5 \/é—p.uo r-:e a Je5 \/é——}?luo
éo c 0
Tho above volues ape acoucod €0 bo ot no=lond condition of
the gyoton.
Srlenintionn ag enzennena '

L9 ® To5i5- L5107 @ o5 (9 ¢ 1.05) = 5(2:45 = 9)} z 1542 -
1&5\/5 (T » og}l

1252 ¢ o -
o 40319 (o? :".101?5 0275 - 196 )

o daSnl2 - 1,87
2575 ( 14675 = 1875 )

o 0
1(;1 = 0
Yaoy = 1:5V2 = 2.12 N\/qm = 0
Ca09 = 2.12 %309 ° 0
%09 = 212 poue _
Qaq_n‘g‘i‘g;‘ncs o:ﬂ cz—-:'i'—g‘l = 1 pette
H* o 2.65

0% o ‘I"‘i:"" a 00,0168 Polle
3¢

ict Golvrn



2ud_Column-

do-

0

© = Tt

ard Colump-

A =

o ,

4th C‘o},g' mn-
B = 2012
D = -0.9

5th Column~
C = 0.0168 p°

cwm,/2
Co= 0

03'

= 1.413

2,12 _ .
4p+1

2.120
4p +1

ampD

Am

32 -

#
4p + 1

4p° + Sp +3.5

(4p+1)(pt1)

.

145 + 2.18 P
P+

+ 076

r-};—;r ( 1.45p+2.18p2+.2969+.076)

;—;—-;—-,- ( 2.18p% +1.746p + 076 )

1.87p° + 1.3p + .01

b1 = O.Q p + OO?G
b, = 0.7, by = «{0.7p + .01)

ap + 1

41
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..«@

be & . oy , o L b24) (1+40)
« gtz (10° < €Le)= Geet + dLg*t | (5°€¢ GgeOv)= 0
b+ 4v (44) (1+41)
O Po (3 [ © ——, - -
APG .o,qm.v P.?N@H@ Pmlv .ﬁm.uoN b
b mv. . L+ dp .
dztez 9L0° ¢ 4G* §hoL » QLive i= 0
Lo &
o [ ]
6P 80 | SLocedovitie deiez 0 b
Zde9L0° aL°e 0 0 0
s )
SV Wee e o 0, Yo <

*BI XIHIVI] DIVSIHIZOVLVHD H.,
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dzi 2= (L0*+ dL*)= | (G2°L + ALg*})~- Am.n+am+ma¢vn (4]
(L0° |

o L*0 +dge1edig L)~ dgez- 1=

dzie 2~ 9L0° + d6*| SP*L + dLie2 (1+ dg+ Paid adl 0

| 9Lo"
d269°G + gLy 6°0~ +am¢>.»+anm~,m 0 b=
¢92L90°+,98910°0 2i*e 0 o ) 0
, . A il .
S. Vv wqﬁ \v/ Ad« v Jdﬂq «dﬂﬂ

-5 INVNIAGTIWd D116 INALOVAVHD THI
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The characteristic equation 18 =
2.12 [- (4p2 + Spe1) f(t.avpz + 1.3p + O01) x 2.12p§ =(2.17p+1.45)
2.5p x 2.12p  =2.12p ) 2.5p (1.87p + 1.25) = (45 +5p +3.5)x
(1.87p° + 1.3p + .o1f(1- 2.12 (2.18p% + 1.746p + .076)X(4p2+5p+1)
2.12p - 2.12p (4p° + Sp + 3-5}X + 2.12(5.62p + 1.413) [(4p2 +Sp+1)x
(1.87p + 1.25) + (2.17p + 1.45) (4p% + 5p + 3.5)}(0.6721)34-.0168;;2): 4
(2.18p2 +1.746p + .076) [(41)2 + 5p+1)(Tp + 01)+(.9p+.076) x
(4p% + Sp +3.5)X + (.0672p° + .0168p%) x '9K:("2 +5p +1) x
(1.87p +1.25)+(2.17p + 1.45) (4p° + 5p +3.5)] = 0

12 4 :
2012 ("12-08 ps - 8.‘792 + COSBP - 00212)"‘ 5-30P(4-62P2 “'3073]) +

+161) + (1.2p + 2.99) (16.16p> + 31p2 +22.97p + 6.325)+(0.146p° +
J144pt + .08p> + .0013p2)(6.4p> + B.344p° + 4.28p + .366) +
(.0605p° + 015 p2) (16,16 p° + 31p° + 22.97p + 6.325) = O

or

0.935p° + 2.134p7 + 2.3119% + 3.462p° + 21.862p* + 84.963p° +

122.005p% + 77.165p + 18.855 = 0



Cadis 11

$o- 66,70

45
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The voltage regulator put at the generator end does the
full load compensation, when it delivers, power at the motor and
with the working power factor 0.8 (lsgging) and the voltage and

currsnt at the motor terminal is 1 p.u.

i=1pu., = 1/ 36.9° ’2;1*30 = 1 /02
- 0.8~ 3.6
referring to fig.d.3~
Eq=ey+i (xy + 3 xq1)
w1+ 30+ (8= §.6) (0;076 + J 0.9)
= 1+ .0608 + 54 +3 (72 =« 0456 )
= 1.6008 + J .6744

= 1.74.1&_22.1'
199 >4 5in 22.7° « 1 x .3859 = .3859
referring to fig.4el=
By = Bgq + (xgq = xp9) 14
S = 1,74 + (1,25 = ,T) x +3859
= 1.T4 + 55 x 3859
o 1.74 + .212
= 1,952 D.u.
Por the motor =
11 /36,9 = .8~ 3.6
referi"ing to fig.4.2~
Bgo =0y =1 (xy + § x5)

=1+ 30~ (8« 3.6) (.01 + 3.7)
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o 1 - 0008 - 0‘2 - 3(056 + 0006)
= 1 - 0‘28 - 30554
= 572 - J.554
= 0,82 f=_44.0°
when figures 4.1 & 4.2 are super ilmposed =
ot = 22.7 + 44.0 idz - 1 Sin 44.7°
= 66.7° = 0.7034

By = Bop = 155 (x4 « X0
= 0.82 = 0.7034 (.55)
= 0082 o 0386

= 0.434 p.u.

THE OPERATING CORDITIONS - (Pull-load)

MACHINES 1 . | WACHINES I
e,q = 159 V2 peue. e, = V2 Delle
E, = 1.95/2 p.u. . E, = 04432 V2 peus
é;ﬂ 66:7.
Caloulations of currenta-

A= 0.7+ 1.175 + 275 x 6871 = 1.875 ¢ +189 = 2.064

Ba .01 = 076 X +68T1 = +275 X 7266 = =e0423= 020042423
2-76 - 0226 + 0298
141" "
1.25+1.175 =1.89=(,076+.252)x 0.1175

2. 790 2,792
= 37425 = .078 = %197 = 1e32 peue
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«397 +1.32 x(.076 +.2)
Ig1® T7+ 1.175 +.189

+397 + o364 .761
= 2.064 = 2.06‘ = 0-368 Peue
Ya01 = B = X3y Y01 Y01 ® “Xq1 1q01
= /2 x 1,952 = 1.25 x 1.32 . m =0.7 x 368
. - 2.?8 - ’065 ) = "’02576
= 1313
capt = Vei0r * 391 =V 125 + 06 = /T30 = 1.145
e ) o!
et, ==L . o0.214 et, = —991 . 5.981
41 201 q1 'oam
- S -4 = *
Bl " T
H!
A = %‘F = 0.0168 Psls
1as Column=— .
' ~0+197
s - =2.5..
D = 0368 4p+1 > 4 1*p X o21‘ - '(*4p+1)(‘+p)

4 = - Cos 0#*0:3795 51'-31!1 0 = - 25184

dn =:535p =4p% =5p =1 —(4p® +5.535p +1)
(4p +1) (p+1) (4p+1) (pe1)

0,535
dg= - (4p+1)(pe1)

2nd_Column-
Ee_=0-304 o= .0184

(4p+1) (p+1) ’




"-2.448 P -(4p2 + Sp + 3.448)
&= "G (pr1) °* *3° (ap+1) (1+p)

3rd. Column:

A " - (-‘062578 + x 0368 )

4p +1
e - (~1.03p ~ .2576 + .46 + .688p ) Lov

= g (-343p + .202)

a =p - 826 +.022

4p +1
- i‘;’:’i‘i’ (2550 + .825p° = 3.39p = 848)
e —1— (.825p° = 2.84p - 0.848)
dp+1 - ' P & «UJP .
8y = 826p + ap + 1 + L0699
- 'i%ff (3.3*:;,2 + 826D +:55 +.825p +.28p +.07)
= ape1 L (3,31p° + 1.931p + .62)
& = ~p 1_%}1.1..&11’ - 01 = 4r,(1.25p+1 «B7p°+.04p +.01)
Tp{T (1.87p% + 1.29p + 01)
&
8y = =41,
4th_Column-

- leas* 2,09 _ -

= = (1.33p + 2.00p% + 1.645p + «411) 7007

4"" (2p + 2098P +* 0‘11)
Ja33 4 2,000
b1n +341p - ap+1 + 022



NPA

4,,,, I (1.365p% +.341p - t.szo =2.00p +.022)
‘P” (10379 - 1066p - 1;3‘)
bz = 007

b} . - W’.’ - 01 we (0.7p + .0')

23h_Colupp~
¢ = .0175p°
o = —p L4EE2ATP (1,225 +,139) = 0.9 (514 = 4338) +

«9p (1.225 +_.1-39) - o076 X 1364 + 1.143 .24
- =p 3—935:-124312 - <158 + D 1.1227 ~ .1035 + 1,383

r‘};;r( - 1.9?9 - 2.96p + 4.5p + 1.123p+4.84p+1.212)

= gy (12545 + 3.95%p + 1.2)

- Jo45 2 2,070 ¢
c’ P 109 (OSOOQ 0338) ‘p 4p+‘ x ("'0.162) +

* 0 - s ->
0'76(0 162') P "ﬂg"‘pﬂ J-’Mp*’ _ x 1.364
&

P
= o (.5849 +0146p =.235p=.352p% +.049p +.0123 =
| 1497 «2.97p =.432p)
e L5 (0.232p? - 3.207p - 1.96)
cp = = +258p |
oy =-p 10k ¢ LEme2e 3

-] i’i‘ﬁ"(?twpz - +302p )
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b+dy
° = =Ty (10*+dLe)m LDty .
y ,
§+dyp
dacae (1o =
L+dp L+dy
0 (9671 I Ledy
&Sm.mmamnm. ) dgge b=ydLgey) Agm..—.ﬂ:qﬂqnw S6L5*0~ ¥e16°~
L +dy *4+dy +d
o m..&ma.nwﬁm.::w.&wm.?mnﬁ.. mﬂm..ﬂ*m.._..w.s_.mew.ml. 8L6°0 G6LE* Q=
deL) (1L+d¥)
_ L+dy ( | (1+d) (L+dp)
LWy o (s » . -
298910°0 Y02 | | TEOTTmNTo | —yopvo— ~ 5=
. A i
P < LY. s L v

sy
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&om.ou mmm.v.m to,&ﬁi%m.wv.. (62* 1L+ €6°L)=- (6D E+EGe w&;n 8£G° 0=
(dgs2° + 660 L)~ Lo+ dgee (10°+8€" 14,0481 )= dgivveg=- (Lo@p5° 5+, A8y~
96°t=4L02°¢=,d2c2 0 LE° L=€9o° ?man; 29°+dc6e Lo dieeg Em.&m.im&m.:a Rm.&mm.qom&m.mva
g°b+dg6 e dvseh | (Live+debegsdz)= Amm...nqm.wmmmmmm.ov w@...&mm,?mﬁ.@.m am..ﬂ‘ma;omgmm.:n
Amamﬁo.,,\mmmgo.cv Gg.mﬁ,. dypiLeg) Amom:,o =devee) £05°0= LGL°O~
PV ! iy _ - bby 4 Wog o v

BT ROVHL A A OIS LHT OTE /0 THY




| CASB IIX
OPLRATING COUHDITICNS
{150% 31 load.)
$,=B86.1°

53



OPLAATIRG COIIDILIOL. S
(1505 of Mallelocd currcnt)

A% full load, the anslo botwoon the notor and genorator
terninal wOlilsow
reforring %0 the figedeSe=
0q =0, + 4 (r0 - Ixz,)
= 14+ J0+ (8« 3.6) (066 ¢+ §.2)
D1+ 0528 ¢ 12 ¢ 3016 - j u0396

2 71,1728 + 3,081

= 1,39 feA°
i=1.5 Poldo oY 1 = 165 é&&go

e 1.5 (7559~ 3.6547)
=2 10134 - 30.93.

The torminal voltage ofthe generctor, 1.0. the pachine no.d
is maintoined nt the rated full=locd torminal voltosge by tho
voltage regulator. The othor voltoges ore coleculated wilth tho

generatar terminal voltoges as tho roforonce voltesc.
®e 84 = 1039 paule = 1,39 /02
0y = 0 = 1 (2, + Iix))
= 139 + J0 ~ (1134 = 3.98) (066 ¢+ 50.2)
= 1,59 = 40815 = 5196 — J.2268 + 3.0638
=2 1.39 = 42775 = J.163
= 11925 = J 0,163

Pron the steady=-stoto vector dingrca £ige4.2

54
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By = 0 + i(ry + § x5}
= 1,113 =0.163 + (1.134 « 3.98) (.076 + 30.9)
2 1.113 = 30.163 + 0862 + 882 +3(1.022 = .0745)
= 20051 L 2 309‘8 Lad 3.163

= 2005' + 30785 = 2.2 m
g9 = 1 8in 20.9% = 1.5 x 3567 = 534 p.us
‘ ... E' = Eq“’ (!‘“ - xq.') id.!
= 242 + 0.55 x 534
a 2,2 + 00294 = 20‘9* Pl

referring 20 the fig.4.2-
B

2 = %2 - 4 (x, + quz)
w 1,1185 = 30,163 = (1.2 « 4.9)(.01=3.7)
2 1.1125 = J0.163 = 012 = 63=3.84 + §.009
= 1.1125 = 642 = §1.03 + §.009
2 0.471 - 31.021
= 1.14 ~ 65.2°
igp =% 5in 65.2 = 1.5 x 9078 = 1.36 p.u.
»"oBpm Bop « 145 (x5 = x05)
= 1,14 « 1.36 x .55
= 114 = ,T49

= 00391 Pale
when the two vector diagrams are guper-imposed-

6015 65.2 + 20.9
. = 86.'.



THE OPERATING COKDITIONS (150% Pull-load)

IACHIIE b §
0y = 1.39 x«/é_p.u.‘

B‘ = 2.494 x \/—2_]).!.10

d - 86.1°

0

Calculations of Currenta®te .

A A = 2,147,
161. 1.635 Petie,

Q‘O1. 1.51 Pele.

Q'q,l' 0099 ]hll. '

MACHINE 11
" o = 1.14 x /2 peu.

"B, = 039 x/2 peu.

B = ~0,1028
1q1‘ 37 peue

qot1™ ~+239
'&.‘ = o161 Pelle

| 4 "0168 Pelle

Columns of the characteristic determinant-

1st Column
D= (ﬁp‘ﬂ“!#ps

d‘. '-09977 .
= 0402
o (4p+1)(pe1)
2nd Colusm |
Ew (:pnﬁp#ﬂ
." "'00068,

-(52245,22.512
(4p+1) (14}

d= "0.068

A
¢

+ *
(4p+1)(p+1)

e = 0.9977
=204

2" C4p+1) (p+1)

56



3rd _Column .
Aw e =—f( 20.345p + 0.203 )

4p+1 |
T 2
LI re (0.148p° -~ 3.4687p - 0.892 )
,_ : -
8=  ——(3.588p° + 1.3486 p + <1T44)
ap+l
o -k 1.87p2 +1.29p +.01)
1.87p_+ 1.25
Ay= = 4p +1
4th_Column~
B = 2.645 ,
2
bw -i'f*—f ( 2417 p° + 1.993 p + 0.137)
2
bym = (0.244p7 -2.088p ~1.44)
b 0.7, by = =(0.7h+ .01)
3th. Colugn-
C = 0.0168p°
C= %;—{-( 2.371)2 + 6.066p + 1.744)

oym fri=( 1.488p% - 3.452p - 2.42)
023 - 00259])
og= 4=r7(3.065% = 454p)



58

A

* 1y Iﬂ.l.trmn%l.m +8&) ( L+dY p+dy (L+dy)
aysr~ Nnmo.n (10° + 4L*0)~ z i+ QLe° L)~ +a¥).
r&.ﬁ% Ahtﬁ P&.QQ AW..AMY@?&‘V
= dggz o= L*0 (10°+d6z* 1+,0L8" )= A (348207 5+ 3%
. _ 1+dy L+dy
L+dp 2 A A A7 A"
2y w..nmme.n..«ammv. b &mmo.mu«ai«.o +A6pge t.mawmm.n 8900~ LL66°0~
L +dy L+dy L+&y
ST (%% 2 —T
.H + 990°9+.dL¢-g| +d66° Lo dLLez)- | - d69¥°C~,de¥i*0 LL66°0 890° 0~
pody (+A) (b+8Y) | () (148Y)
238910°0 $¥9°2 L0V =0GVETD | TGI8 0 3
| ,
S v L Wy | 3 0oy

e e g et 4o gyt i ngomontiiruesrrvronr o

~3I XIHIVN XIXSTHSLOVYVHD JHL
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nvm*.o|~amo.n Awo.+nvp.+mmm.wv: (s2°L+ ALg*})- .po.m+nm+mn¢vs 209° 0=
(d92°+,99£0° 1 )~ L°0 + dgez| (L0°+dgei+ dlgoL)~ dipe 2= (L+d2or°5+,dy)-
R (A (890° (866°
me.mnamm¢.nawammw.w .ummo.mnwnv*m. fp.,+nmn.r+mnmmm.n + ntm.+wamem.vn +d536° ¥ +ma-m¢.mva
127A8" (LELe 866° (890°0
*awmo.w+mabn.m A +amm.p+mapw.mve mmm..nhv.n.wmmew.o +ammm.*+mumm.m +n«m.+«ambm.ovs
mmompo.o+nn~pwo. Gr9*2+ dgse0l (€02°C= dgpc*0) GL6°0~ 6¥L°0=
[}

= ST NVHIRY™1EQ DILSIH:NIOVEYHD YHE



CASE 1V
O u S1IG CONLIIOHS
- (175% OF FulLiwLOAD)
om9.3°
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SIS 0RE.ARIEE CCTiT. T0.: 8w

(17553 of full~load, pP.£fo o0 loz7ing)
e 175 Lof0a00.

= 1.75 (.7559 ~ j0.6547)

o 1323 = §1.145

The torcinnl voltogoe of tho concrator, 1.0. the moachine no.d
1o printained at tho ratod fullelocd lood tormdnal woltecgo by the
voltogo resulntor. $ho othor voltoges aro ealculatod with dho
genorator torminnl voltoges oo the roforonce voleasoe.

o4 =‘1.39 pee . = 1,39 Z0°
referrirg t0 £ig.4.3,
0y = 0g =iy & § )
= 1,39 + 0= (1.323 = §1.145){(0.066 + 30.2)
2 139 « 0087 « 35264 + 3J0.075 - 0.229
o 1439 « 0316 = §0.189

= 1.074 -~ §0.189

A

o tha oteady-ntnto phacor ddogren i13.4.1,
ae = Op + 3 (7, ¢ i=5)

= 1,074 « 30.189 ¢ (1.323 = J1.145)(.076 ¢+ §0.9)

3

o 1074 = J0189 ¢ 061 + J1419 «J0.03741.03

o 20204 ¢ 31019 - 3.275
a 2,204 ¢ JO.S14

a 2438 L& 22.5°

6l



ﬂ.a.i i Sin 22050 =1 ?975 bid 03827
= 0067
By = Bq @ {mgq = 5g9) g4
o 2:38 ¢ 55 x 006?

a 2:38 ¢ 368
= 2,748 poUs

roforming 0 £igefe2-
= 1,074 = 3189 « (1.326 = 31.145) (.01 + 30.7)
- = 1,074 = 30189 - o013 + 300114 - 30923 « o201

z 1074 = J1.117 = 814 ¢ J.0114
o 04260 = 3?9195
=1 1 e141 *—76980
o 1679 9736 = Yo7

»%elly = Dgp = 1gp (3gp = zgp)
S 16141 = 1T 2 55
o 1141 = 4,935

= B.205 Nolle
s 80 > 7600 ¢ 225 = 99‘30

SOl R D Glae 3803058 (17505 Tullelond)-

RS HRIS DACHL B X1
Om? o 159 \/2_ Pslls 0(32 o 1.05 E\/z—}?ou.
Bg © 2,748 = /2 p.u. Dy = 04205 x/2 peu.

§ o= 99.3°
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Caleculntiono of curronta odc.

139 = 237 poue _ﬁq? o = 0.191 peue
Nyﬁﬂi = 0,82 \rqﬂﬁ = o133 petie
°q0'3 = 0.822 Peltes 9g04® =157 peute
Onpg © *885 peuts | 0&, 2 «=0s176 peuts
°<°11 = 2937 pole ‘ ' = 0,0168 poue

Tornc of tho different colurmo of tho chnrcotoristie

doterminants-

1nt. Uolyrme

. - a 3001616v
» = ﬂ%wvﬂw)_ 2
aq = ~-.0859 | dy = - %43‘»15%%?
3 = 4p*1)(iep

2né_Colyprue

5 O o 0&9369

= (4p+t pei)

_ =2 ‘
eq o 0.1616 Op 4p1) (po

4p° 5pe3.4T
O3 = = "({4pe1) (p+1)

3 _Colnrie

A = ;1-3’,:_—1-( - +176p + 0.16) | .
a o ow ‘é%;? ( .35@2 24 307% * 0889)

Q.‘ = %’5‘;‘1"’ (3055132 -4 .897@ - .159)

qpei

- LSno .25

02 2 - e ( 10372)2 < 1031‘) ‘9@01)
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4th _Column
B = 20‘8'

b = %5;‘"( -3 .14 92 - 1.15p + .07)

by =~ t=3 (.58p° + 2.334p + 1.442)
b, = 0.7

bs = - (007p + .01)

ath Colunn

C = 0.0168p2

6 = -}l;;-,- ( 4.072p% + 5.362p + 1.62)
oy = = I3( 5.4085% + L1459 » 3.45)
02 = 0.134D

ey = %p:-i-( 4.4p° + 0.192p)
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ST 30UL TR 157 ¢ ue. kxen(23)

5e90 ILATCHUCTILL
Brolenlly tho dooipn of focd-boek control oyotono ccn be
zogarﬂca oo o problon of arronging tho lecatien of the chorcetor-
iotic oquotion, rooto in cuch o wy thot tho corrocponding gyctem
1411l roxrforn according to tho proceribed apocificationo. 4
cyoton 1o dofinod an otablo 4f ¢the cutput rocponsoe to ony bounded
input dioturbanco 1o finito. %hioc implico thot all the xooto of
the chorocterictice osustion ot be locnted in thoe loft¢ holf of
tho P-plonc. Hooto.on the right holf of ¢tho plano givo rico to
troncicnto vhich tonén to divorgo from tho otozdy otote, cnd tho
gyoton ceid to bo unotable. Thuo tho otabllity of a linocar food=-
baek control oyotor 1o algo unicuoly dotornincd by th:iucation
of tho roota of ito charactoriotic cquation.
5e2e LU I=NUL IT7 GRI,uRACI
It‘is cotobliched that tho protlen of detornining tho

otabilisy of ¢ limcor oyntom 1o cno of finding tho roots of the
chractorictic cquntion. Homovoer, for polynomials of tho 3rd
orlor or highor, the tock of finding tho rooto is vory todiocus
ond $ino consuning. Hemeo, 1t 1o dosircd that on alternato
rathed bo uced, so thot tho oyston atability oon be dotorndned

thout cetunlly solving for tho rools of tho charncteriotic

oauntion.

{armpoco that tho choarceteoriotie cmuntion of linesy cyoton

1o writton in tho sorornl foxroe
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P(P) a1 ¢ G(p) H(p)

1

CSOOpm‘@'Gq E)E’ sev ‘5'%01? P B?l s QO (501)

In ozdor thot no vrooto of tho loot cquaticn with pooidivo
real parto, 1% i0 nocorcnozy but not cufficlont thate

(1) A1 the coofficicnso of the polynorminl have ¢he oord
cicno.
{2} nono of tho co=cfPicicnts vonich.

Zhe noceocory ond tho cufficient condition that all tho
roots of on nth. ordor polynomdal 1ic 4n tho loft half of ¢ho
P-plono 1o that the polynomicol’s Rurcvits detorminant ruoct bo
all positlve.

SATIPLD CALCUL. G ICIS & 4

LaaglATIATT 00 O 534 ILIKY

5e3e

Yho eharcetoriotic oqu.tiensc havo beon coleuladod for -
the following onooo-

1. Do lond, fo= ©

2. 1007 Tull locd S 66,70
J. 150 Full locd  f = 86.1°
4e 17573 Iull lozd S, = 99.3°

The doetailod colenlasiono han boon shotm on thoe noxt

PaZORe.
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c .
Cage 1. .m0

The characteristic equation ie-

0.935p> + 2.134p7 + 2,311 p® + 3.46p° + 21.862p* +84.963p%

1220095?2 + 770165p + 18.855 mw 0s 4.0 sen (501)

The Routh's Array can be srranged as followst

2 0.935 2.311 21.862  122.005 18.855
Pl 2,134 3.462 84.963 774165 0
p®  0.855  -15.062 89.695 18.855 0
p°  40.862 ~189.04 304365 0 0
pt ~11.102 89.06 18.855 o o
p° 138.96 . 99.765 0 0 0
p°  :98.05 18,855 0 0 0
p' 73.065 0 0 0 0

There are changes of signs in the 19t colummn of the
Routh's array. This states that the system 1s unstable
at this operating condition.

Caze 2.
Sc L J 66 .70
The characteristic equation i~

13.04 p'? + 75.2 p'0 + 2434.842 p? + 12834.835;5¢
30388.842p7 + 37605.7460° + 29879.815p° + 15032.570p%+
6331.482p° + 1797.021 pC + 294.663p + 21.097 = O.

(5.2)



“he Routh'o Arrays con bo writton oo-

P! 95.04 2430.842 30388.042 29879.813 6331.48  204.66
PO 75,04 12834.833 57605.795 15032.370 17975021 21,1
p°  214.00 23380.842 27269.21 6019.2  291.8 0
p° 4730.00 27055.45 92994.5  1695.50  21.10 0
! 22169.00 26600.35  5252.70  290.00 o o0
2% 21355.00 19793.6  19633.04  21.10 o 0
P° 14420.00 4562.07  268.7 o 0 0
g% 5002.00 1249.00 21.10 0 0 0
p° - 972.00 207.00 0 0 0 0
p°  169.00  21.10 0 0 0 o
p 88,00 0 6o o 0 0

ihoro 4o no chnnzo of oigno cnd all the forms on the
£irot column oro pooitive, hence,tho aundon e ndnhlne

J. = 86,9
Tho chaorcetorictic Equotion ic-
12,02 p'' + 60.2p'0 + 5162.364 p° + 20433.65° +48294p7+

51984p° + 31197.617 ¢ 9876.6p% ¢ 1422p° + 58.6p°+10.5p+0.401

t:O. A X ene (0593)



The Routh's array can be arranged 28 =

p'! 20,544 6777.698 34276.9 =~ 928.44 =A04.4 =646.6
p'® 77,792 20108.566 3596465  =11785.5 =3489.9 = 357.07
P 1477.7  33331.9  2171.56 +515.6  ~-636.95 O
p?  18353.5  3482.1 -11812.7  -3456.3  =37.07 O
p!  33051.9  3121.156 792.6 = =633.88 o o
p®  1732,0 -12252.7 ~3104.8 -37.07 0 0
P’ 26521.5 671046  =563.37 0 0 0
p*  -12601.2 -3067.5  -37.07 0 0 0
p>  310.6  -640.87 0O 0 6 o
p2  -20252.5 -37.07 0 0 0 0
p!  -641.265 0 0 0 0 0

The system is unatable and has three roots with real
parts positive.



Tho Nouth’o Aproy com o arronged Qo=

v

P

1
P 0

’#__a ‘ﬁm ’6\9

)

L5

s @b

12.02

6042
30244
16878.6
37396.0
337640
172620
6293.0

1353.0

4.16

1,28

5162.364

24433.6
38144.0
46164.0
27512.0
8955.6
1368.3

25.06

3.53

0.01

0

48494.0
518440
29232.6
9595.6
14993
4456
‘10045
0.01
0
0

0

3499760

C876.6

141043

575
10.48
0.01

0

1422.0
58.6
10.5

0.01
0

0

o O O O O

10.5

0.0%

0
0
0
0
0

o C O O

Therc io no chonge of ocicn in tho 1ot colurm, honce, tho

gyctenm 4o atoble.

cnf‘.}’ 3 A A

§o = ©8.3°

Zho chorceterdotic oquotion io,

20.546p" '+ 77.792p'0 + 6777.698p° ¢ 20108.566p° +
302769657 + 35964635 p° = 928.445p° = 11705.450p° o

404,380

o0 = 3089.003p2 = G464576p = 37.073 = 0.

Do

(5.4)



The Routh's array can be arranged as -

p'! 20,544 6777.698 342769 = 928.44  =4Oh.4 ~646.6
10 77,792 20108.566 3596.65  =11785.5 =3489.9 = 37.07
p° 4TT.T 33331.9 2171456 +515.6  -636.95 O
p2  18353.5  3482.1 -11812.7 ~3456.3  =37.07 O
Pl 330519  3121.156  792.6 633,88 0 0
p® 17320 -12252.7 -3104.5 =37.07 0 0
p° 265215  6710.6  =563.37 0 0 )
p¥  -12691.2  -3067.5  -37.07 0 o o
P’ 310.6  -640.87 0O 0 6 0
p® -29252.5 «37.07 0 0 ] 0
p! ~641.265 0 0 0 o o

The system iz unstable end has thrae roots with resl
parts positive,
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PR ULHICY RLGPOIEE AHALYLIS

6.1 loznopuce1o:i{4e16)

| Tho froquoney rooponse mothod of dctcrminihg otability io
o ofop ahocad of provieouo cmnlytieal work on cleoetrical syoton
in thioc flold. It 1o baoced unon o rigorouc aralyols of oyoton
dyncnico, both olectrical apd cochanical.in this field, tho
gyaton 10 realiced ao a ¢loood loop confipuration and thon tho
lyquiot oriterion of otability io cpplieds. Heoaligotion as o
clogod-loop ayoton io necoscory oo some form of food-bnok 1o
eaccntinl for any oyotom to be unotaoble. 4 olmple closad loop
gyoten consioto of one odin loop ond one feodback loope “hoco
are doternined aftor studying the oquation of motion obtolnod
from onall displocoment thoory.

The main advantogo of this rothed llog, not in doinsg adblo
to tceklo the problonm ocoily but in tho feet that it providoo
for ropid opprociation of the offeceto of nedification of tho
gyoton equation. In tho otabiiity otudios, rony ¢iros, tho
netual ocolution ioc no% as ruch important oo tho “vhy cnd how®
of tho colution. Ao tho degroo of otability com bo aceortaincd
end aloo tho offoct of modification -« 1¢ lo curo that tho mothed
will do of groat holp in tho dooign of voltase rogulatorsce.

Aldred and Shaekchaf%(ﬂ) procont a now concopt for tho
pre=-doteorninntion of tho synehronous mochino oftobility. %he
concopt 4o bacod on tho realigntlon of o baole cleced locp patiorn
for a gynchronous generntor, tDich vhcn oottblickod can bo Cube
Jocted to tho frocucney rocponco procoduro of ycuiot otabilisty

eritoricn. %ho docie clocod-loop pattora onorgos f£ronm tho
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onpliestion of nmnll dirplocoront theory of Pork's ocusitien
for o Cynchronous ganorntcgla) Thio mothed 1o applicablo %o

o rmehino or o gystem vith or vdthout a voltoze romlator, but
io rore ucoful in tho lotor e2so, and thie formn tho majoricy
of thc omnlication.

A roro oncet mathed vhich hea boon cmployed by Concor&ia(1)

10 to ‘otoraine tho otobility by tho cpplication of Reath’os
ocritorica to tho co-officlionts bf’tho chorectorictic oquoation
of tho potion of tho oyston. _Logicﬁl oxtension of Pari:'c crnll
oceillation thoory(14) 1qa naturnlly to the opplication of
Tyquiot eritorion widh tho attendod edvantogen of providing
inforcationo concorning tho dogroo of otebility cnd o ropid
appreclation of ¢ho offcoto of modifiention of tho machino
equationo o7ing to tho cdrition of dcopor uvindingo or voliasge

rogulotor.

Yhe tcchndeuo cneblen otnbility rroblorn to bo toeklod
with no roro cpparatuo LHAL PEICIL AUD PRI, Howover, it is
aifricult to incort $ho opproprinte criticel comditions imto tho
erall occillatiencoqunitlon. The difficulty can bo avoided by
.Esasurcmsat of initial conditions in the rachines. Tailing thio,
the outhor hoo found tho zo?crcncen(?)° (25) to bo most ucoful
for dotercining tho initicl condition ond tho vork doceribed hno

boon £rorcd crovnd thocd charoctorintico.
6.2. Tl LYGUISE CRIGANION 0 szaprzisy(23)

Conoidor o clocod loop ayoton 0o chowm in £ig.6.1. If G(p)
ic tho forvard loop tronofor funcotion and H(p)io tho focd bock
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tronofor function, the clocod loop tronolor functicn of tho
oyoton 1o given by-

5 €9 TR
[
(p) 851 (5)
Honcop, it 1o cleoar thag i€ the chnrcotoriotic ocuntion

/ -
1¢G(P)ﬁ(v) = 0, hceo any pooltive voal rootno, thon tho cyoten
will have on infinitely incronoing rosponso $o o £inito Anput,
i.0. the cyoten will bo unsoinblo.

Dow congidor the seni circle of rodiuo R o on riéht hand
of o p-plane having real and imasinory nnos. Yhoe commlotely
onncloceo the right hond portion of p-planc. flo, i€ cay of ¢ho
roots of tho chgraeterintic equation in cnclonad by <thio

Yycuiot poth, thom tho oysten is unotablo.

Lot
’3 = nunbor of zoroo of the ckarcet.riotle oquotlen,

orcloood by Uyeulot poth.

P o nunbor of nolhs of tho chﬁracﬁaricuAc, cquasion oneloe-
cod by Uzquiot path.

i¢ io not oaoy clvaye to £ind out 2 cnd for thnt only,
Liyoulist eriterion ig ¢o bo uced. Roforring to thin path, vo

can dzcir tho corresponding plot of the function,
D()=31¢CH

Por that, Seavol along tho poth in tho pe-pleao in tho clocke
wvice dircetion ord plot tho corrocponding volueo of D(E) along
tho pedl amd inaginory oxes. Yeeo tho pooporty of conforinl
ooanping, wo inot that tho nurbtor of cneizoleronto o? tho origin

by the plot of D(p) in clock=-vico civceslion, im & - 2, P 40 0loo



CLOSFD -LOOP SYSTEM FOR THE SYSTEM

AT

G'(p)

a8

4

H(pP) 1=

JAl =1+ G(PYHI(P)-




tho nunmbor of polos of CGlle chieh 1o tho opon loop tronofor
function = onclocod dy the pathe P con bo found oasily. o

by counting Ui, Z can bo dotormincdjoyston 40 unotableo 4f 2 oU+P
ic rorc thon gero. Inctocd of ¢aldng cneircloosnto of origin

by 1 ¢ €, gonopally oreircleorcnts of («1, §0) by GH are counted.

Ge3e SYSTHIT AS A CLUSED LOOPS
I2 tho charcotoriotic matriz ocuation (4.36) 1o concidored

ond the detorminant of the mnatwixn 1s donoted by (Al , tho oadd
catriz equation (4.36) of tho 2nd chaptor com bo writton in

the fort=
o O
[ 40447 Mol
A oq1 0
|4\ ,
& 1q? o |
&8 o |

£eon tho above cquntion, it io ovidont thote

A S r ,
W - __‘EL_ (XN} ss0 \6602)
o 4

rhore, Q(D) donoton toro in tho now oatrix of ono coluin
Gnly o
If wo furthor denoto-

P(p) = %p)
\&'\ al$ G‘(D) B(P)o
Ad G
o.o ZT?—' 3 "L‘“) p ' ' X (6&3)
*m 940, _\1 -
i (2o 64075

CRLTINA) L7V TY B rmoamn.

30



Thic dcnoteoo o clocad lcop tronofor funetlon of the

ayoton vhoro A‘Jm i ¢ho input onid A4 40 the oulfpude.

Orlhi LOOR WAL S L JULEC.L10.: JOR ' Hi, CALES L.UDIED ADD
Liu, SYHITOZ POV
Tho opcn loop srenofor funcidens for tho eccos otudiod

Gole

. 4n tho choptor § dy conlying Routh’o oeritoricon will nov bo
obtainod togothor with tholr lyquiot Ploto.

Cann 1,
Soc 0.

Fpom ¢ho eQumiom (5.9) and (6.3), ¢tho opom loop tronofor
function ic-

, (0.935pP=1021.866p! = 3325.7p°=4220.54p°~2608414p %=
Cipyip) = - TG 5 3 I
p) AP 1024p'+3328p" + 4224p7 + 2720p° + 920p”7+201p°+22pe1

975p° =7849 2 ¢ 55.165p ¢17.8) oo (60d)

Crrp 2.
7 Sq” 66 070

Tron the ccuntiono (5.2) cnd (G.3), tho opome=loop transfor

fimetion for tho gyston 10 -

o (13:009" 175,29 %24340%412854.8%29364 .85+ 34277 . T46p?
() 5)"1000pTe3520p% 422097 +2720p% 292097020152 022p 1

25656857 +12312, 37p 45369 4517+ 1596920272 620 .097)

seo (645)

Con do
{,= 86,1°
Fren thos oouetions (5.3) cnd (6.3), tho opom=loop tromnfor

funetions of tho cyston ice

|
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. (12.02p‘1+60.2p10%5162 364p°+24433.6p°+47070p '+
() (p) = 1024p7+3328p%+4224° +2720p%+980p +201p%422p 41

48656p%+26973,6p7+7156.6p+482 p =142.4p2=11.5p=0.99)+

ees (6.6)
Cave 4.
Jom 99.3° :
From the equations (5.4) and (6.3), the open loop transfer
function for the aystem is ~

(20.54p11+77.8p10+677.7p7+20108.5p *33252.9p1#258‘5p .

%) (p) 1024pT+3328p 4422470 +2720p%+980p° +2015%922p +1.

5152, 445D =14465.5p%=1384. 4p =3690 .9p°~668..6p-38.703)

see (6.7)

The different shapes of the Nyquist plotshave been shown
in the rigurea. 603, 50‘, 6.5 and 6.6,

Tege 1= S
Ho-load o= O

Prom the Routh's criterion, as shown &n chapter 5, the
characteristic equation has two real positive roots. Hence,

Z2=22 andf Pep

Fax2PFP= 2

Put the Myquist piot does not encircle the criticel point
at all. SPhus the system is ypetsble {/ig.6.3)

Aull-load, s 66.7°
The Routh's oriterion showsthat the characteristic equation

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



R, H.Se ¢o0, thich io ovidont froo tho cquation (4.36).
=0, PooO e 00

The Uyquiot plot ao chowm in £ig. (6.4) dooo not omeircle
the oritical point at all in odthor diroetlons, so, tho syston

ic atnblg.
Cann 3

i e R6.1°
Prom the Routh'oc ceritorion, 4tins coen that $ho charcotor=
iotic equation, 4090 not havo ony rooto on HelleSe

a°QZEGQ ?ﬁﬂ@ Q‘.ﬁt‘:e

The Uyquist plot ohom in £ig.6.5 showo that, 1% dooo not
cneircle, the critical point which showothat tho oysten 1o

The Routh'sc eritorion annlynis shows that the characctor-
iotic equation hao threo positivo recl xoots.

Aoy
9:05 Z2a3

sl 28 «P =23,

Tho Hyquiot plet oo chomm in £ig.6.6 shows that tho plo%
oncirclos tho eritical point omly onco in ko anti=clochwico
Cizgetion. %horoforc, tho cysten 1o pnntnblo.

v Rosmons
%ho sammlo coleulction for case 1 ( 4 = 0) 10 chomn

hero-

&5



(0.935w>+ 332.5w® -2698.14w? + 78.9v%) + 17.8 +

CH, . \ =
Cw) = (-3328 36 + 2720 w - 201 '2)01 +

3w(1021.86w°~4220.54w*+975w? +55.165)

Jw(=1024w° +4224w* ~980w2 +22) -
At o= !z

dh(j') = 17.8/0° = 17.8 +30

A& w= 0,1 .
~e2698 + 789 +310™ V(= 42 +9.75+55.165) ¢ 17.8

dh( y - =
I (c.00%+.272-2.01) +1 +§ 10~1(.001+.422-9.8+22)

18.03"9 + 36&‘ '
~1.841 + § 1.262

- (18.319 + 6.4)(=1.841 = 31.262)
= («1.891)°%~ (1.262)°
«33.7=323.1 = §11.8 # 8.51

3e4 - 1.544
"'25 019 - 334 -9
- = = e~ 12.85 « § 17.84
1.956 . |

At w = 0,05
«e01684.1972 + § X «05(=02642.64+55.165) +17.8

v (.017= .502¢1) +(0.026=2.45422) x §.05

- —1La98. J2.99.
0.515+30.9788
© 9425+2.92 +3(=17.58+1.54)
- 0261 el 00955

L 12,17 = 316,04 = =17.55 + §23.17.
~-e694
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“he Dyguioct plot 1o chovm in 24surc no.6.8, thich onelocoo
the erltie~l point (=1, JO) cni tho cyoten io paakrblo.

cArdlorly, the Uyauist ploto i.c. the nctun) Twoouoney
resporses to thobeale cxre plottod in tho fiqurcs 6.9, 6.10 ord
6,11 fcr ¢ho encos 2, 3 ond 4 rospootively. TFron thoco £igo.,
who eyeicea atnbility or unotebility can be scen cnd at tho
o2 tino, tho nhsoo marpino and the goin rregins eon bo

cceorttingd in the eacoshf th: oyotemo which cre ofabloe.
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COLCLL I L

he onclyois of o oyoten conaimtinn of o gyiichronous gemexraior
connocted to o gynchomocuo no%¥oOY, WLsou;h o tic=1line 4o ¢he rop=-
rocontntion of ocm cetunl oystom cnrd it iﬁ on important copeet of
power oyoston otability. Sho outhor hao annlycod thoe oyoyon;with
¢he “olp of two-rcac*ion thoory ond tho offoot of quick ceting
cutoratie voltage rogulater hoo Loon telon into conoiioration,

in particulor.

An oxproocion for tho oyoltom Sorauo ocguation tan dozivad
nveiding any ascumntions the oquntion includcd tho offoct of
voltage regulotor tove. tho clcetroerochonical otolility wan
otudicd by the oppliention of cr-ll dionleecrent theory to tho
cquotiono of the nynchronous oochines cyoton. She advontoges
of thio nethod are that tho offocts of dorporso ond volisgo
rogulatoro can Bo included and coeontly cll tho tochniguas of
control oyotonc ccn now o opplicd %o tho clectrienl cyotom.

ihe Routh®o criterion io applicd to the oyston oquatiomn
in tho following fcur cases nnd tho followins conclucicno ove
(rann-
(1) &8 ra=lona { 3 = 0)

ko cyoton o unatable oo tho custoinod oceillationo aro

not ggmpoﬂ out in tho no=lond condition.

(2) .. 14 Qn 66,200

<ho cyoten io otablo.

(3) 2508 DA LS8 n ARa12) s
fho cyoton 1o otoblo. Yho otoddye-ctnto otobilisy licit of

a ogyotcn conclintins of cnlicnt polo cynchroncuo roehinon

vhthoud tho offcet of voltogo wogulator i long thon €0°.



The effoct of voltamo wogulator io significamt horo, to
inercace tho otobility lirmit.

(4) 1753 D=10~a SU r 99,3°) s

The oyoton ic found unatablo.

The frocuonecy rooponoe ordtorion caﬁ 1llustrate the influonco
of differont poronotaro of tho syoten on its otability. Tho
cuthor hoo éezivod tho esproosions for opone-lcop troanofor LuUNCHe
iono of %ho oyoten undor differcnt comditions ond caleulntod
thoco caces. 1t wop not poooible. to draw ony gonoral concluolono
as tho system oquatiors were very ccmplex. Ofcourso, tho indivie
dual inferonces dvarm fron Routh'o eritorim woro cupportod by
thio analyois too and tho caco 11 which the inforcd $o bo otoblo

fron Routh's eritorion cooms to bo o conditionnlly ctodle ayoton.

“Po outhor nogloeted the soturction offcet cnd the offoct
of domper windingo. TSho donping nroduced by tho loasd nnd tho
food=-bzek 1oop of tho autematic veltogo rogulators corpenoatos
- tho effect of dappor winding. Shio holpo to cers oxtont to
roluco the furthor complexz naturo of tho cyoten oquaiiono vhich

are nlzocdy comploxz onough.

“hio cothod of cralyoio hoa got tho limitationo - that 1t
romuizoo tho coot todious olgobric colculotionse Sceondly, 4%
cheuld to noted thet tho ohrnnoo accuccd in the vordabloo oxo
in€initely conll. 3o, 48 4o not otrietly corrcet to anldy
thoro wecultc to changen of big crplituCos. ITut thoro vill

curoly bo cone corrospenicnco bBottdon tho tUo encog.

3



Fihally. the selection of the "amplification factor" of
the voltage regulator has the maximum influence on the steady=-
state stabllity which in turns depends, to a grest extent on
the feed-tack of the regulating system.

Irrespective of all thase short comings, and limitations,
it ie hoped that this work will prove to be of value in the
field of estability.
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CASE 11
THE CHARACTERISTIC EQUAVICN 1S3

=0.197 (3.670° + 4.5p + .92) [(3.31 % + 1.93p + .62) {(2.8p+.7)x
5}2.4ap2 - .302p) = (2.8p% + J74p + .01)(1.03p° + .258p) | ~(1.3p%- |
1.66p =1.31) {-(2.4ap2 =.302p) (1.87p% +1.3p + .01) =(1.9p+1.25p)x
(1.03p° + .258»5} +(0.232p% ~ 3.207p - 1.96) {(1.87p% +1.3p +.01)x
(2.8p% + Tdp + .01)+(2.8p *.7)(1-9p#1.25)}]+O.197(.825p2-2.64p-
«85) [&(1.5292 +1.9p 4.38)§f(2.8p+.7)(2.48p2 -302p)-(2.ap2 +.T4p+
101)(1.03p% +.258p)] =(1.3p2 =1.66p =1.31) {~2.45p (2.48p%-302p)~
(4p® + 5p + 3.45)(1.03p% +.258p)] +(0.232p° ~3.207p =1.96) {2.45px
(2,802 + +74p +.01)+(2.8p + .7) (4p2+5p *3045%}*0-197(2p2¢2.95p +
411) 201527 + 1.9p +.38) {~(1.875% +1.3p +.01)(2.48p%.302p)-. -
(1.039% +.258p) (1.9p+1.25)} =(3.81p% +1.95p + .62) {~2.45p(2.48p%
.302p) - (4p° +ép +3.45)(1.03 p° + .258p)} +(0.232p% -3.207p -
1:96) {2.45p(1.9p +1.25)= (4p%5p+3.45) (1.87p% +1.3p +.01)}]+
«197 (1.54p2 +3.95p + 1.2) [-(1.52;:2 + 1.9p +.38) {(1.8792 +
103p +.01) (2.8p° +.74p +.01) +(1.9p + 1.25)(2.8p +.7)} =(3.31p%
1.9p +.62) §2.45p (2.8p% + .74p +.01)+(4p? +5p+3.45)(2.8p +. )} +
(1.3p% ~1.66p =1.31) {2.45p(1.9p +1.25) =(4pPs5p+3.45) (1.87p2 +
1.3p +.01}} 0.904 (1527 + 1.9p) .38) [ (33102 +1.93p+062) x
{(2;sp +.7) (2.48p° =.302p) = (2.80p2 +.T4p +.01) (1.03p° +
«258p)t = (1.3p% = 1.66p =1.31) f= (1277 + 13p + .01 x
(2.489% - .302p)-(1.9p+1.25)(1,03p° + .258p)(0.232p%~3.207p -

1.96) {(1.s?p2+1.5p+.o1)(2.ap2+.74p+.o1)+(1.9p+3.25)(2.ep+.7)}]



~0004(0.825p% ~2.84p <06) [=(3+67p% 24459p +092){(2:8p¢.T) =
(2.08p7 = +302p)=(2.8p2 ++7dp +:01) (1.03p° ++258p)] ~(1.3p° -
1.66p = 1.31){~(4p° +5.54p +1)(2.48p° ~.302p)=0.535(1:03p°
.256p)} +(0.232p% =3.20Tp =4.95) {(4p+5.50p ¢1)(2.8p%.T4p »
.01) +.535 (2. p'¢,7§ﬂao.904ﬁ(2p2¢2.gap #.4?7)[’(3.67p2 +4.59p¢
°92){}-(1,873;2 +103p ¢001) (2048p° =0.302p)=(1.9p+1.25)(1.03p%%
.258p)} ~(3.31p° +1.93p ¢.62) {-(492'¢5;549¢1)(2,49p2-o.3ozp)-
.535(1,03p%¢ :256p) ] +(0.232p%~3.207p =1.96) { (4p2¢5.54p+1) =z
(1.9p +1:25) =(1.87p% +1.3p¢.01) = 535} ] ~0.904 (1.54p% +3.95p>
1.2) [=(5.675° o 4.59p +.92) §(1.87p% +1.3p+.01)(2.8p%.74pe
.01) +(1.9p ¢3.25) (2.8p ¢.7§}&3.31§3+1°939 +62) {(ap2+5.50p>1)x
(2.8p° +.78p +.01)> e535(2.6p+°7)} o(1,3p%~166p=1:31) {(4p
5+54p +1)(1.9p +1.25)=0.535(1.87p° ¢i,ap¢.o1j}(¢3439-.202) x
(1.52p%¢1.9p +438) [=(1.52p%+1.9p%.38) {(2.8p¢ 1) (248p°=0.302p)~
(2,802 +474p +0.01) (1.03p° ¢,258p)}»»(1.3p2-1°66P—1.31){7204¢8p
(2.48p%-0.302p) —(1.03p° +.258p) (4p2+5p23.48)} +(0.732p°~5.207p=
1.96) {29443p(2.8p? +eT4p%.01)% (492 +5p¢3.48)(2.ap¢97)f]o
(003439 =0202) (3.67p% +4059p ¢.82) [~(3.5p%04.59p +292) z
{(é,epo.7)(eoéapgso.3039)=(s.ag?¢o74p¢oow)(1,0392o°258pﬂ»(1°392»
1566p=1031) {=(4p%05,50p+1) (2440p%=0,502p)=.535(1.03p% . 250p)} +
(0.232p% =3.207p-1.96) {(4p®+5.54p+1)(2:8p%¢T4p01)+0.535(2.8pe
1] ~(343p =.202) (2p%62.98p+.411) [~(3.5p%4.59p+.92) 20448p =

(2.48p° =0.302p)=(4p? +5p>3.00)(1.03p° <.258p)] +(1.52p%1.9p+30)
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T (4p%45.54p+1) (2.48p% ~0.302p) =0.535(1.03p° + .258p)} +(0.232p2
3.207p=1.96) §(4p? +5.54p +1) x(4p®+5p+3.48) =.535x.2.448p] ]~
(.343p =.202) (1.54p% +3.95p +1.2) [(3.57p% +4.59p +.92){2.448px
(2857 +.74p+.01)+(4p2a5p+3.45) (2.8p+. 70} (15252 +1.9p+.38)

$(4p° +5.54p+1)(2.8p% TAp+.01) +.535(2.8p+.T)) +(1.3p°~1.66p
1.31) §(4p%+5.54p+1) (4p2+5p+3.45)= 0.535(2.448p)})+ (8.184p+
2.048) (15257 + 1.9p+.38) [~(1.525%1.9p +.36) {~(1.87p%1.3ps
01) (2.48p% =.302p)~(1.9p +1.25)(1.03p° +.258p)] (33152 +
1.93p +.62){-(2.48p% =.302p)x 2.448p ~(4p2+5p+3.45) (1,039 +
.258p)} +(.232p° =3.207p -1.96) § 2.448p(1.9p +1.25)-(432+Sp+
3.45)(1.87p% +1.3p+.01)3] (8.184p+2.046)(3.67p2+4.59p+.92) [
(3.67p%+4.59p I+.92){-(1.87p2 +1.3p+.01) (2.48p°~0.302p) -

(1.9p +1.25) (1.08p% +.258p)] =(3.31p% +1.93p +.62) {~(4p°
5.54p +1)(2.58p° ~0.302p)-.535(1.03p% +.258p) +(.252p%-3.21p~
1.96) {( 4p°+5.54p+1 )(1.9p+1.25)-.555(1 B7p241.3p+.01 )}]-(8._184p+

' 2.046)(.825p° -2.84p ~.85) [:-(3.67p2+4.592+.92) $-2.448p(2.48p°~
0.302p)-(1.03p° #258p(4p2+5p+3.45)) +(1.52p%+1.9p+ .38) {=(2.48p°-
302p) (4p°+5.54p+1)=.535 (1.03p° +.258p)} +(0.232p°~3.207p-1.96) x
{(4p” +5.54p +1) (457 +5p+3.45) =.535 x 2.448p)}}8.184p+2.046)x
(1.54p%¢3.95¢1.2) [~ (3.67p% +4.59p+.92) §2.448p(1.9p+1.25) -
(4p2 +5p +3.45) (1.87p° +1.3p +.01%$(1.52p2 +1.9p*.38)A§(4p2f
'5.54p +1) (1.9p+1.25) =.535 (1.87p> +1.3p+.01)§ +(3.31p%1.93p+

+62) {(4p2+5.54p +1)«)4p2 +5p+3.45) -.535(2.448p)}] -
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-(.0672p% +.0168p%) (1.52p% + 1.9p +.38) [=(1.52p% +1.9p+.38) x
{(1.87p2 +143p +.o1)(2.ep2 +474p +.01) +(1.9p+1.25) (2.ap+.7)} -
(.825p° =2.84p ~.85) {2.44ép (2.8p2+.74p5+.01) +(4p°+5p+3.45) x
(2.8p + 077 +(1.3p7 =1.66p =1.31) {z.mp(t.gp v ra2s) i
e . -(4p * 513"'3 48) (1.8‘71: +1.5p +.01)}]- »(3672x>1
016852) (3,672 +4.59p +.92) [=(3.67p° +4.59p +.92) {(1.87p° +
1.31; +.01) (2.8p +.74p +.01) +{1.9p +1.25) (2.8p +.7)}-(3.31y +
1.93p +.62) {(4p2 + 5.54p +1)(2.8p% . T4p+.01)+.535(2.8p+.7) } +
(1.3p2 ~1.66p = 1.31){(4p2 +5.84p +1) (1.9p+1.25) -.535(1.87p2 +
1.3p + .ozﬂf(..osvep3 +.0168) (0.825p%~2.84p-.85) [ ~(3.67p%+4.59p+
.92) {2.448p(z.ap +:74p+401) +(2.8p.7) (4p 245p+3.45)] +(1.52p%
1.9p +.38) {(?.ep +.74p +.01) (4p° +5.54p+1) +.535(2.ap+.7)}
(1.3 ~1.66p ~1.31) {(4p +5.54p +1)04p% +5p43.45) -535x2.4485])+
(067297 + .01687) (207 +2.98p ++411) x [~(3.67p% +4.59p +.92) x
{2.443p(1.gp +1.2§) ~(4p® +5p+3.45) (1.87pé +1.3p+.o1)}+(1.52p2*
1.9p +.38) }{(41:2 +5;54p +1) (1.9p +1.25) ‘-0.535 (1.87p%+1.3p +
013 + (3,319 +1.93p + 0.62) | (4p2 +5.54p+1) (4p2+5pe3.45) =

535 x 2.448p] | =
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= =0,149(3.99p° +4,988p +.969) [ (3.588p%+1.35p1.74)  (2.8p20.7)=
(3.08p%=2458p) =(2.8p% o J74p +401) (1.036p%.26p)-(.244p° -
2,088p ~1.44) {=(1.87% +1.3p +.01) (3.06p° =.454p)=(1.67p>1.25)x
(1.036p% +.26p)} +(1.488p% =3.452p =2.42) {(1.87p%¢1.3p+.01)z
(2,852 +.74p +.01) +(2,8p>.7) (1.87p¢1.25)}]+0.149(0.148p° -
3047p =+892) [=(o2725% +.34p +.060) §(2.8p++7) (3 406p%=2454) -
(2.8p% +.74p +.01) (1.036p7 +.26p)} ~(:244p® =2.088p~1.44) {
2.47p (3.065% =2454p) ~(4p? +5p +3.47)(1.036p2 +.26p)} +(1.480p°-
3.4529 -2.42) {2»679(2.832 +e74p *.01)¢(492 +5p¢3.47)(2.8p¢.7ﬁ] <
0.149(2.47p% +1.99p +.137) [-(272p° +.34p +.060) §-(1.875° .
1:3p + 101) (3.06p% = 0.450p) ~(1.67p +1,25)(1,036p? ¢+26p)} =

2 +1:35p +1.74) {52.489 (3.0632-0.454p) -(492+5p¢3.47)g

- (3.588p
(1.036p% +.26p)}+ (1.488p% ~3.452p =2.42) { 2.47p(1.87p+1.25) -
(497 +5p +3.47) (1.879% +1.3p + .01} 0,149 (2.37p? +6.066pe
1.744) [~(.2725% +.34p +.068) {(1.87% + 1.3p +.01) (2,652 +.74pe
01 ) +(2.8p + 0.7) (1.87p +1.g5i} =(3.550p% +1.35p +1.74) =

{2.47 (2.8p° ¢.74p'+001) (492 o5p 3.47) (2.8p¢9.7)} +(.244p°%
2.088p -~.44)§:2,4%p (1.87p + 1e25) =(4p> ¢ Sp +3.47)(1.87p% +
1:3p + .0} 00915(0.2720° + +34p + 0.080) [ (3.508p%¢1.35p »
1.74) § (2.8p 40.7) (3.06p% ~0.450p) =~ (2.8p%+.74p¢.01)(1.036p%
0265)} = (02449 =2.088p =1.44) {~(1.875% ¢ 1.3p +.01) (3.069° -

0454p) = (1.8Tp ¢ 1.25) (1.036p° o -26p)§ +(1.483p° =3.425p -

-



lo:

2.62) §(1.870° +1.3p +.01) (28p° +.74p ©501) +}167p +1.25) =
(2.8p +.7){]~0.915 (.148p° -Baavﬁ‘-.agz) [=(3.999%4.99p+.9¢3) =
1(2:8p +07) (3.06p° =+454p)- (2.8p%+.74p+.01)(1.036p° +.26p)]
(220452 =2,088p ~1444) §=(4p2 50402p +1) (3.06p ~0.450p) =

402 (1403692 o +26p)} +(1.49p% =3.45p =2042) §(4p° +54402p )z
(2.8p2 +.70p ¢.01) 49.402(2.ap¢°a);]~o°915 (2;1793 + 1.99p¢.137) |-
(5.26p2 ¢ G.99p < ,993)2-(1,a7p3 +1.3p+.o1) (3;0693 «0454p) =
(1.87p + 1.25) (1.0565 +026p)} =(3.588p% +1.35p +1.78) § =(4p® +
5.402p +1) (3.06p° = 9.454p) = 0.402(1.036p° + +26p)] ¢(1.400p%
5.452p =2.42) }(4p% + 5.602p +1) (1.87p+9=25)~ .402(1.87p%+1.3pc
0N} -0.915 (2.37 p? » 6.056p + 1.744) [~(3.99p% +4.99p +.990)z
301,877 +1.3p +.01) (2.8p% +.70p 2.01) +(2.8p +.7) (1.87p*1.25) =
(3.568p% +1.35p +1.74) §(ap? ¢5v402p+1) (é.8p2+.74p¢,01)¢o.492 x

" (2.8p20.7)] +{,288p% =2.038p ~1.04) $(4p®+5.402p +1) (1.87p+1.25)-
0.402 (1.87p2 +1.3p +.01)}+(10.58p +2.645) (.272p%.34p +0.068)[~
(.272p% +.34p +0.068) {-(1.e7p2 +143p +001) (3.0593-0.454p) -
(1.67p +1.25) £1.036p% .26p) }~(3.588p%1.35p +1.74)F2.47p(5.06p%-
0.454p) =(4p° ¥5p +3.47) (1.036p° ¢o2ﬁp)§\0(1a48892-3.4529‘-2.42)x
§2047¢1.87p +1.25) (45 +5p +3.47)(1.87p%51.3p +.o§)§]¢(1oasap¢
2,645)(3.995% + 4099p > +998) | ~(3.99p% 4.99p +.998){~(1.87%
103p +001)(3:06p% =e454p) = (1.87p + 1.25) (1,ossp3¢,asg{}={3.saap%
1.35p2174) {=(49%95.402p+1) (3.06p% . 454p) -+ £025:(1..036p%¢ 0 26p) | +

(1.488p°> =3.452p -2.42)%(492 +5,402p +1)(1.87p1+75)=0402(1.8Tp>%



1.9p+.01)}] = (10.58p + 2.645) (.148p% = 3.47 p-.892) [~ (3.99p%
4.99p +.998) {=2.47p(3.06p%~.454p)=(4p2+5p+3.47) (1.036p%+.26p)] +
(.272p% + .34p +.068 ) § -~(4p? +5.402p +1)(3.06p° =.454p)-.402 x
(1.036p> + .26p)} +(1.488p° ~3.452p -2.42) {(4p?+5.402p +1) (4p°+
5p+3.47) = 4402 x 2.47p)}] +(10.58p +2.645) (2.375%+6.066p+1,744) -
(3.99p° + 4.99p +:998) T2.47p (1.87p +1,25)-(4p%+5p +3.47)(1.87p%+
1.3p +.01)% + (.272p2 +.34p +.068) §(4p2+5.402p+1)(1.87j+1.25)-
0.402(1.87p% + 1.3p +.01) +(3.588p% +1.35p +1.74) {(4p+5.402p +
1) (4p? +5p +3.47)}0.402 x 2.47p  =(0.345p=0.203) (. 272p%+.34p+
.osa)[}@evzyz +.34p +.068) {(2.ep +.7)(3.06p% =.454p)=(2.8p%+.Tap+
01)(1.036p> +.26p)} =(.244p>-2.088p -1.44) §-2.47p (3.06p°-
.454p)=(4p% +5p +3.47)(1.036p2+.26p)] +(1.488p%3.452p=2.42) {2.47px
(2.8p%+.74p+01)+ (4p2+5p+3.47) (2.8p¢0-7)}]-(0‘34Sp~0.203)(3-9992+
4.99p% +.998) [=(3.99p%+4.99p%+.998) §(2.8p +.7)(3.06p =0.454p)=
(2.8p%+ . T4p++01) (1.036p°+.26p)] =(.244p%=2.088p=1.44) {~(4p%+5.402p+
1)(3.06p° = 0.454p) = .402(1.306p% +.26p)} +(1.498p>-3.452p -2.42)x
§(4p% +5.402p+1) (2.8p° +.T4p +.01) +.402(2.8p +.8)3]~(0.345p~.203)x
(2.17p2 +1.99p +.137) [-(3.99pz+4°999+.993) {-2.47p(3.06p3-o.454p)-
(4p%+5p+3.47) (1.036p°++.26p)} +(.272p%+ . 34p+.068) $-(4p°+5.402p+1)x
(3.06p°~.454p)~ 0.402(1 .036;)2 +.-26p)} +(1.488p% ~3.452p~2.42) x
{(ap? +5.402p +1) (49 +5p+3.47) ~0.402x2.47 p}] ~L345p- .203) x
(2.37p%+6.066p +1.744)x(~ (3.99p° +4.99p+.998) {2.47p(2.8p%+.T4p+

.01)+(4p? +5p+3.47) (2.8p+.75§ +(.272p%+ .34p +.068) $(4p°+5.402p+1)x



(2.8p%+.74p+.01) k;wz(z.ap +.7)3 «(2.17p% +1.99p+1.37) x
{(ap®+ 5.402p +1) (4p? +5p +3.47)=.2402 x 2,47 p}]~(0.0672p° +
" .0168p%) (.272p% +.34p + o.'osa) [—(.2721»2 +.34p +0.068) {(1.8792*
1.3p+:01)(2.85% +.74p +.01)+ (.187p+1.25) (2.8p+0.7)} ~(3. 58852+
1.35p +1.74) {(2.8p° ;.'up +:01) x 2.47p + (4p®+5p +3.47) (2.80p+
)} +(.244p° ~2.088p ~1.44) {2.47p(1.87p+1.25) ~ (4p2+5ps3.47)x
(1.87p% +1.3p e».m)}]- (0.0672p> +.0168p2) (3.99p%+4.39p +
+998) [~(3.99p% + 4.99p + .998) {(1.67p% +1.3p +.01)(2.8p2 +
JT4p+.01) +(1.87p+1.25) (2.99' +.7)} ~§3.5aap2 +1.35p +1.74) x
{(4p® + 5.402p +1) (2,852 +.T4p +.01) + 0.402 (2.8p+e7)}+
(244p” = 2,088p ~1.44) {(1.87Tp +1.25) (4p2+5.402p+1)-.402(1.87p%+
1.3p + .0N}]+(0.06720% + 0.016852) (14852 -3.47p -+892) [~(3.99p°+
4,999 +.998) {(2.47p (2,807 +.74p +.01) +(4p%5pe3.47) (2.6p +
W3 +(.2729% + +34p + 2068) {(4p? +5.402p +1)(2.8p% Tape.01)+
«402(2.8p +.7)} +(.244p% =2.088p =1.44) { (4p? +5p+3.47) (4p2 +
5.402p +1) =402 x 2.47 p}|+ (0.0672p° + .0168p%) (2.17p%+1.99p+
«137) [-(3.99;:2 + 4.99p +.998) {2.47p(i.a7p +1.25) ~(1.87p° +
1.3p +.01) (4p2esp *3-47)% +(.272p% +.34p +.068) { (4p°+5.402p+1)x
(1.87p +1.25) - .402 (1.87p° + 1.39 + 01)] +(3.588p° +1.35p +

1.74) {(4p2 + 5.402p + 1) (4p% + Sp + 3.47) ~0.402 x 2.477»}]’:‘- O

ST S
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CASE 1V
IHE CHABACTERISTIC ELUATION ISg
= - 0.084 (3.94p%+4.94P +.987) [(3.53p%.037p ~-+159)5 (2.8p+.7)x

(4.45%+.,192p) +(2.89% +.74p+.01) (.536p%.134p)} +(5.8p%+2.334p+
1.44) {f(i.8792*1.3p*.01)(4-4p2 +0192p)+(1.87p+1.25)( 536p° +
-134p)} ~(5.408p2+-1‘5p*3.45)‘{(1.8?p241.3y#.01)(2.8p2+.?4p+.01)+
(1.87p+1.25)(2.8p+0.7) }] -0.084( . 35p%+3.79p+.889) { (.64p2+.808p+

.162) '{(2.81»0.7)(;.4p3+.192y)+(.53692+.134p)(2.sp +.74p».m)} .
(.58p2+2.53p+1.44) {-2.34p(4.4p +.192p)+(4p? +5p+3.46)( . 536p°+
+134p) | ~(5.408p%+.145p +3.45) §2.34p(2.8p° +.74pﬂm)+(4p +5p+
3.46) (2 8p¢0.7)}]-—0-084(-2¢14p =1.15p+.07) [ (.64p°+.808p+. 162)
{-(1.87p + 1.5p +.o1)(4.4p + +192p) +(1.87p+1.25)(536p° +
.134p)} =(3.5%° + 0.837p -.159) §=2.34p (4.4p%.192p)+(4p? +5pe
3.96) (.536p° +.134p)j-(5 408p° +.145p+3.45) {2-3@(1.97:»1 25)~
(4p? +5p +3.46) (1.87p° +1.3p +.01)3] +0.084(4.072p%5.362p +
1.62) [(o.s4p + .808p +.762) {(1.879 +1.3p+.01) (2.8p° ++T4p+ |
.01) +(1.87p +1.25) (e.ap +0.7)} ~(3. 53p° +.837p=0159) {2.34px
(2.8p2 +.T4p +.01) + (4p° + Sp + 3.46) (2.8p +0.7)} =(.58p° +
2.334p + 1.44) §2.34p (1.87p +#1.25) -(4p% + 5p +3.46)(1.87p%
1.3p + .01)}]-0 445 (.64p + .808p + 0 162) [(3.-531: + 837p ~
+159) {(2.89 + o7) (4.4p° + .192p) + (2.8p° + .T4p + .01) x
(.5360% + .134p)] + (.58p2 + 2.334p + 1.44) {-—(up +.192p) x
(1.87p° + 1.3p + 01) ¢ (1.87p + 1.25) (.536p° + .13413)}-
(5.408p% + 145p + 3.45) {(1.879° + 1.3p + 01) (2.6p° +.Taps
01) + (1.87p + 1.25) (2.8p + .ﬂ}] 0.445 (.35p° + 3-79p +
-689) [-(3.94p + 4.94p + .987) {(2.8p + 0.7) (4.4p% + +192p)+
(.536p% + .134p) (2.80° + .74p + 01} + (.58p° + 2.334p +



[oX

1.48) §(4.0p2 5 .192p) (4% ¢ 4.56p +1) =.44)¢5360% 24134p) | -
(5.408p% 24145p 93+45) {(4pPe4.56p +1) (2.8p° +.74p ¢.01)=0.44x
(2:8p +0.7)}] = 04045 (=2.14p% ~1+15p + .07) [-(5.9432 > 4e00p>
.987) {;(1.9792 #1,39 2401) {8e4p° 44192p) 4(1.87p +1+25)z
(.536p° +.134p)} =(3.53p° @.esvp-.vsg) { (=4445°=.192p) (4p%+4.56pe
1) ~0.44(.53502 +.134p)} (5. 4099 @ .1asp¢3.4s){(49 +4.56p1)z
(1.87p +1.25)90440 (1.87p% +1.5p +.01)}]+ 0.445(4.072p° +5.362ps
1.62) [=(3.94p% + 4.90p> +987) $(1.87p% +1.3p +.01) (2.8p%70p0
01) +(2,8p .7) (1.87921.25)] ~(3.53p° .857p =.159) § (4p° +
4. 569 1) (2,8p% +.74p +.01) =4 «44(2.8p *0.7)} ~(.58p° +2.33pe
1.44) {(4p% + 4.56p +1) (1.87p +1.25) +0.44(1.67p%1.3p +.01)}]+
(=e1T6p¢+116) (.68p° ¢.608p +.162) [(‘64p2 +.800p +.162)z
$(2.8p ¢.7) (4.4p° +.192p) +(2.0p° +.7dp +.01) (.536p° +e134p)} ©
(.sap? + 2.334p 21.44) f~2.34p(4.4p° s.102p) +(ap%5p +3.46(.536p%
0134p)} =(5.408p2 ¢.145p ¢3.45) {2.34n(2.0p° +.70p +.01)+(4p%
5p+3446) (208p2.T)}|+(=176p +4116) (3.940% +4.94p+.997) [-(3.94p%
- 8.94p +4S37) {(a.ewo.?) (4.4p% +0192p) +(2.8p° +474p ¢401) x=
(.536p° e;vaap)} +(.56p° 52.334pf¢10645§}~(432¢4~55p;1) (a.0p%
1.92p) “044(053023 od%p)} ~(5, 4033:2 4,945 ¢ ".’3){(49 8y 56p¢?)8(?
(2602 +074p #401) =e8 (2.8p +7)}] =(=176p2.116)(2.14p ﬁﬂ.ov)[
(3.94p° +4.94p ¢.152)-{»2.349(4049 +192p) +(4p2¢5p+3.34)
(.5365% & +134p)} (26807 +.0092.162) § =(4p%24.56951) (404p%

.192p) =o44(.536p° > .130p)  ~(5.40842% .145p23.45) {(4p2ed.56p+1)z
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(4p% +5p +3.46)%44 1 2.34p}] = (=4176p + +116) (4.0720%
5.360p ©1.62) [=(3.90p%4.04p .162) {2.34p(2.8p% +.74p +.01)¢
(2.8p +.7) (4p° +5p +3.46)} ~(.64p% ¢ .B0Gp +.162) { (4p°¢4.56p>
1) (2.80° +.74p¢.01)=e04(2.8p0 7] =(.58p% +2.934p +1.48) {(ap
Sp. 3.46)+.44 = zosap}]-(g.gep +2.48) (.64p2 + «E08p +.162)x
[(.64p% + .808p +.162) {-»(1.,87;)2 + 143D +401) (44492 2.192p) +
(1.87p +1.25) (.536p% + +134p)} =(3.53p% ¢ .B3Tp =.150){~2.34p =
(4.4p% +.192p) +(4p% + 5p » 3.46) (.536 p° + .134p)} ~(5.400p° ¢
+145p +3.95) {2.34p(1.6Tp + 1.25) =(4p°+5p +3.46) (1.80p%1.5pe
01}] #(9.92p +2.48) (3.94p% +4.98p +.987)[=(3.94p° +4.94p +
«S87) {-(4,.492 +.192p) (1.87p° +1 o3p +001) +{1.87p +1.25) x
(o536P2 + 013@)%- (36392 + «B837p = .159){-(492%.563: *1)st
(4.45% + .192p) <0.44(.536p% + o134} -(5.408p% +.145p63.45) =
{(45% +4.56p +1) (1.07p +1.25) ©0.40(1.07p%41.3p +:01)]]+(9.92pe
2.48) (.35p° + 3.79p +.089) [=(3.94p% + 4.94p + .937) {-2.34p =
(4.4% + .192p) + (4p° + 5p+3.34) (.536p° e.-.%)} ~(464p% +
«803p +.162) {-(492 24456p +1) (4'492 *.1929)--44(-5361;2 +
dBﬁp)} ~(5.408p% +.145p +3.45) {(41:2 +4.456p }1)(41)2*5945-%46)*
o84 72.34p3| #(9.92p + 2.48) (48,0727 + 5.36p +1.62) [=(3.06p
4:94p ¢ o987) §2.34p (1.87p +1.25) = (4p® +5p+3.45) (1.67p% <
1.3p +.01)} =(.6ap% ¢ .608p +.762) { (4p% + 4.56p « 1) (1.87p +
1.25) 40,46(1.57p% +1.3p #.01)] +(3.53p% +.£37p ~0.159) {(4p%s

§+56D +1) (4@2‘3’59:’3034) ¢+ A4 1 2434 p ?{] > (0005?934‘00036332)3



(.6492 + £08 ¢ +162) [(-64p2 & +008p + +162) {(1.8?132 +1.3p%
01) (2.8p% o o74p +.01) +(1.C7p o?.és) (2.859,7)} «(3.5592h¢
837D =0159) {2.34@ (2.8p2 %+ +T4p +.01) ->(dp‘°’ ‘5’553*3-34)(2-831 S
D} =(.589% ¢ 2.33p + 1.44) {2.34p (1.87p + 1.25) =(4p® +5p +
3.46) (1.87p2 + 1.3p + «01)}] =(0.0672 2 + 0.010852) (3,947 +
4.9¢p +.987) [=(3.94p° ¢ 4.94p + .987) £(1.675% + 1.3p +.00)x
(2.8p% +o74p +.01) +(1.87p +1.25) (2.8p + .1} =(3.5%% + .037p-
.159) $(ap® +6.56p +13 (2,892 +.74p +401) =244(2.6p +a7)} =(.58p%
2.35p 21.44) §(4p® 4.56p +1) (1.8Tp +1.25 +.44) (1.87p2+1.3pe
01 ]- (0.0672 9 + 01639 ) (.35p° +3.79p 889) [- (3.94p%
42092 » .c37) {2.38p (2.5p% +.74p +.01) + (4p% + 5pe3.30) x
(2.6p +.7i} »(;64p2 + +£08p +°162){(4pa +4.,56p*1) (z.apz > o Tope
01) = 446 2(2.8p .7} =(.58p° +2.33p + 1.42) {(4p? +4.58p +1)x
(492 $ Sp +3.46) + 2»34p 3,.44§]+ (0.0672 pB +O-0168p2)(2o14p2 +
1.15p + »07) [-(3.4492 + 4.94p + .éav) {20349 (1.87p ©1.25) =
(492 + 5p93.34) (1.87p° ¢'1.3p -+ .01)} —(.64p2 +.808p +.162) =
§ap® ¢ 4.56p +1) (1.87p + 1.25) +-d4(1a67p * 139 + L0 +
(3.55p% ¢ .83Tp - 1.50) {(ap? + 4.56p +1) (49 +5p +3.34¢ +

44 2,34p] = 0

1o
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