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With the inercosing noc of the internnd
coZ.ustice cngine in driving oleeteleld cuchinery ¢nd
of cycchremcas notor in conncction with the coopreoso-
POy oLy cnpincers bove bocm diverted to the provjen
of oscillasticn cma receonanece in systeos of parallel
cerpeeted synchrcnods machincs, The problc.. of honte
ing io ot ocerions in goncerators vhem Sho Cochines oo
Griven oy Gtcus turuines or ucter-whocls i whiech the
drivin, torguc r¢audns ecpstont dusins o pevolaticn.
Ir. thc czoc of gcneratcrs drivcn oy rccliprocating omid-
rcoy (Lteoo, gos op o1l) the turning comont vericeo
perictdce lly ot o fixcu frogueney durlng coy povolute
ion. Lhe ongulor oognituse of ¢l (es a result of
the duperted ponundicre torque) deperds upor the totul
cezent of fnertia of rototin: porbu, coa 4% oy oo
11:itee Dy oupplylng the pyopor flyvihccl. Ik, Loucven
thc perled of Lhe opplied torgue 15 cqual Co of noor
tie nuturil frojucrey ¢f oseilleticn of the gyston,thon
tuc recnltic, oseillciions veecie grestcr onl grecdersg
it woula . cecorc infinitcly creot i po desping wer
preocnt. I oneh ¢ ense the coordtude of the fnropdcd

oz uc i¢ ©f no conooiucoee whndeoevery it the v lle
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~cut terguc cufficon to peociuce violent oscilicticnge
Laeh puleocticns ore groatest ot heavy loadsc. Jhem goo
or oll cnziro drivon goencratin cots csc opGratot in
porcllel, the curge of the cruppy coopoencent of pover
botwvocen tic mochincl ooy mceont acricus, unlicis  he
unitc cire properly designed to reduco this angular
clil§t to as cowll o coeunt ou foaoiblec. Olew opocd
units havins & lorpge puower of poles ure corce licule
to pive trcuble whcn cporated in porcllcl, oince they

havo groator nusbor of polcs.
In tho coso of gynchrocnous Cotors, o Feeie

precatirg 1004 such o8 on ady COUDPFCLGOT OOY ¢RBLO
periodic angular chonses ip the rpejgulred torque,uwbich
ooy cousce trouble with tho motore 4150, ip Lhic €LCO
of synchronous cotors driving lowds havipg o uadiorD
rotaticnol torque, hunting oy ¢ cxpericnced duo to
pceriodic oscillations in the gyslex fyocguency itoelf,
cither by reciprocatinr pricce cover or rceeipiccusing
locds on other coters optroting thioush nC whu Spiie
sfoxccr lrpcdencC. In ouceh €LsCs, 6 SGyuclhuionoas LoLer
uhich hos boin opcruting properiy ooy cuddonly otort
Bur<ing owing to secc mey lecd en the oystel op o
By poeiproc.ting princ-povor being ccancetiu  whdch
bas the cuome periciicity in itu oscillaticno o L3¢

nubursl freguencey of tids pozticaler Synchrcngga BIRAR A et
Howevery here omly the ccoc ¢f ¢ symclaius

Cu6 fencretor ceujled to prliownoyey wiole teraquoe 4o



irrcgulcr, will be considered. 7The results ecn uc
casily intorpreted in terms of o synchrcnoas Cotor
driving oo irrcgnlar looGe

Irn this peper on coaoy cethod of colenlite
ing the size of f£lyubecl roecooory for the guccegsful
pcrallel opcroticn of cpgine driécn geacrator 1o plven
The ccleuloticns arc derivwed dircetly freo o hRrowledne
of the rosonanece freguencics involvcd.

In gonerel the disocrtolicon 40 o mathchoe
tiecal treatment of tho phcnomonon which occuyr in Conw
noction with hunting of o symehronous cochine oloctrie
¢ally in parallel to an infintto buo ond Girccl CoLLC-
ctcd to rociproccting apparatus. Speeific ozasple hos
been trcated vhich poke quite clear pot only the noac
and eauses of hunting, but also tho mothoGs of overe
corging it.

ﬁcét icportant contributicn in this connCe
ction, thot can Lc eited, 1s o paper by [ L. Dohcaly
trG B. Fo Frarkling s paper, houcver, dccls cnly
with tkhe problcen of o synchyonous cotor diroct cornce-
tcd to o comprescer cnu epceroting frou cu infinite buo
pystca.. Tho difforcrtial cguaticn cm vbich She SOlie
tien dcpends hus boon given by Bre ke Jde Bogpdond e
othor writcrs of stendard texticols vhich decl wigh
tho prebles of hanting. Iheo Lebow heo publiéﬁcd

coother paper oen ke Cone ounwjeet wpich. doegls with
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meny of the practicrY prohlems occurtirg §r conrection
w1 +r the anplicetion of synchrerous motors to compre-
rsors ard presents short metheds ard scts of curves
from which tre correct size of flyvheel ean he choeen
without mmch erleuleticn, ABOLEL SO Teny other works,
papers Gue to R. L. woherty and Late J. rischenelitnn-
- en’aro worthy of mention in this connceticns

Br. G. C. Jain¥(Under whcse auvle gulderce
this dissertaticn bas Leer dene) has dealt this sub -
dect to quite a goceud extent, 4«he prescnt werk 1s fun-
~Genentelly basced on h;gllié;a. Thus the follewiry
thcory of ¢ single saculne operating on wn iniinite
bus sha ariven by & roeelprocatiny engine i& rot couple-
-tcly origingl with zes \Houwevei, tic polnl ci wvicw
uscG ir ascerteiplirg tice various mezns and calcalalting
size cf flywhecl ior satisfucbory parallicl opevition

18 new.
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CHAPIER II

ASSUMPTIONS

Before actually taking up the problem, it
vill be worthuile to state the assumptions and their
validity vhich have been used during the dealing of
this probles.
The machine is connected to & relatively large
pover systes i.e. only the case of a generator bhaving
irregular prime-mover torque opsrating in parallel
with the grid has besn dealt with.
2. The effect of arzeture resistance is negligi-
ble. The truthness of this assumption is sc well
known to electricel engineers thet it needs no expla-
nation,
3. The currents are polyphase, balanced sine
vaves { in tine ). They can be resolved, therefore,
into two complementary polyphase currsnt systess,one
in wvhich the current in each individual phase reaches
maxisum at the instant the axis of the field pole
caincides with the gxis of the magnetization of the
phase under consideration ~ this is termed the dinct
component of the current end another in which the
eurrent in the same phase rsaches maximux one guarter



eycle later, that is, in time quadrature. This is
termed the guadrature component.

4. The machine has salient poles.- Cylindrieal
rotor thus becomes a special case of salient polesin
which the synchroncus reactance in the direct and
quadrature axia beccme aqual.

8. The machine hss a short-circuited winding in
the quadrature axis, as well as the main field winding
in the direct axis. 7ZThe effect of sn smortisseur wind-
-ing way thus be tsken into account,

8. Saturation is aegligidble - wvhile the results
apply strictly only to zachines in which magnetic
saturation is negligible, neyertheless this does not
mean that practical calculations, within practical
accuracy, cannot be thus made when saturation £s pre-
ssnt. 1Indeed, they are nade, just as many other simie
lar calculations luro made, by exercising the constants
of the machine with respect to the degree and distri-
bution of saturation,

Ve The nop~unifors torgue of the prime-mover
consists of, in general, of a steady cozponsnt with
supsrimposed alternating componernts. Hathematically
it can ve expressed as 1~ - .

8o * % (anp Sinng * by Cosng) -
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i.e. the periodically varying part of the tergue whidch
produces the hunting of the sachine consists of a fun~
-damental and harmonics, these later harsonics having
fregueneios 2, 3 stc. times that of fundamental. In
the present problem only the funéamental will be taken
into consideration., Zkach harscnic say be treated Mc-
~-pendently and the effect can be added. However, the
harsonics of lower order aust dbe watched carefully even
vhen their amplitude is not high, because the oscllla-
tions produced by them sre in comparison larger to
those i:mdxmed by the higher hariun_ies. Bocauac. for
an instant, assume that e fundamental has the same
amplitude as the second harmonic. Then the saplitude
of veristion of W for the fundamental will be two
times as large as for the second harmonic, bescause the
duration of oscillation is two times as long as for
the latter. The amplitude of the ascillation of pole-
wheel will be four times as large as for second herme-
nic since the veriation of W im two times as large
and the time is two times as long.
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Clapeen XXX

CL WACiLL T vICL GF
INCHXELD

LY. GELOL CJ0

A £c7 charoacteristics ond censteonts vill
bo revicved in this chaptcr wvhich will be furthcr aocds

in gubscqucent treotncont,

§gnchraniaing POED e

1¢ 10 o vwell knovm fect that vhen an
alternator 1o loadcd ito ficld stiucturc roves foruard

with roferaence o its torainul volioge orilc voltoye
ef tho bus to which 4t is conrnoctcd. Cinilasily ¢he
rotor of g synchrenous cotor DOves backuard with pofce
roneo o 1ts ter Anol voltonc wach ﬁho rotor 1o locdcd
rvechenicelly.e In cither cosc i ansle Oy which tho
rotor io displaccd fron the termincl voltage 10 ealled
the angular displococcnt of‘thc cachine or the lowd
ceglo end 4o denoted heoro by the syrbol »  Lguaticn
8,1, shoeus the voriation of pover vith load argle fop
o plven cxcitution in tho caoc of o colicent polc gyre

cnponous vochirc.

.—*rﬂ LN T
. L. (VRS ¥ @ A .
Lp o = G4n O ¢ . %ﬁ 9 510 "2 :
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ir tuc ocutput of cn elicrpator coanceted
to ¢ cenctont potenticl buu (nd cpcratinl unGécr eono-
£ pt czeltution (as piven by cjuztica S.1), 10 plott-
ct. Lo o furecticn of lowuw wngle © 5 o eupve siclilar

£o Lot srowr An 3. Yelse 10 cutcincd,

! T
; | i
? ]
| | |
b b e b i e e e ——— o .
. | | F
- | | |
5 " | | ;
1,0
),5 "
:
— Ai ? ———
| |
| | S T :
0] 20 40 60 80 100

F1G6, 3.1.

- - -

iy Cue te oo cxtaaned intlucrec thoelocd
cngle ebimgcL, the cuiit ticn, loucvwir, rOorcinii; o=
[ ]
ctint  Sho Lglorec DCLUeon AhC pPilCerouly ROUTE Ll

—— ——— v
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the clcetrierl pouer 1o dioturbed. HBince vith an
inepcase in loud ongle She orebine ewn sarply oore
clcetricel poucr cnw 4f the princ-nover inpnat PCing
ccrotort, the rochire pots o broking eccticn duc %o Bk
inere: oot pever output cp. the incrcaso in looG cnglo
$u caeclzeds This feedopeh peyor is ©qual to thie oo
ci crirpge of olecetricul pewer wilh locd unilce IC e
be socn iren the curve thot Lf thc roter oseillctes
auout 1L'sc mecn positicn, thc instontoncous poucr cion.
-ges with tho change of rotor position, but The ocutput
per degreo displaccuent roniins proctienlly constont
as lenz oo tihc oseillaticio axc omoll. sbkis foactor
output pcr unit alosplaccnent i tlic rutc of chiungo of
cleetriccl pever with lond wnile 15 hrovn oo the Gyne
chrenining power cnd the corrosponting torque Lo call-
-c@ tho cynehrenisinog towque. It {oynchrenising pouc)
15 dcrotcd by ﬂpé . ‘ihus Lpg s ~§§F~.. This peuce
trics f¢ hreop the oachine dn step with the grid. it
choula e notod thnt ﬁpg is alifcrcut ot difdcyreat
loudo gipec the curve carnoi oC conpidcred o otraight
iirc over tho uvholo ronso. ﬁpa also Gaisfors vith
creitoticn, tormingl volteycy, Goyrce of saturation ged
othcr factors. Tho synchwculaing poycy 18 diffcnent

in ooy stato wnd tronolan®d opcrpoticno.
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Cynchzenisins Pouor dn 68cody bLotcs-

vhe oyneurenising pouce for grcuunl
chonsoo of the load awile cun oo obRuined for o cono-
tent cxzeitation by difforcaticting oguaticn J. 3 vith

ragpcet to O .

LU g2 4 ol
44 a “q
g2 (i 45D
- 3 s1n20

bin 20
LRaR v Cras e o 30 l

o ] -
Ps= o 7 aeLxd"‘”moq' 2 Xa g

CCOD 20 wewwmc= 2

: 1% o« X
Cry Upg,ﬂ' Cos 0 ¢ U 2 4

44 PO
If X9 = &5, cose of eylinarical rotow

e

L‘BD b coﬂ O PN 2 CPER IS o 3& o

og

Xg
Figurc 3.2 and 3.3 clow the variction of

synchrenizing pover in turdce~gltecrnotors and sglicong

polo cnehine reopoctivelye.
0
The synchronizing powcr 1o pozicun o 0= 0O

cné decrcoaoes vith inceronco in Load (nglce



T

Bnowiry lLipg 9 Ui synehrenizicg torgque - Tgy
which 1o defincé as tic ciecnpe in the torque per degrec
change in the displacemcnt of thc ¢ rotor, cen ve ccl-
culated since the cpecd is practicully corstant. Yhus

. Ep .
ig = 978 ~—& in o~Kg.
g
& 4 Ep is in R4,
8

end ng 1s tiic synchronous speed in fie Po I,
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Borpire Pewer of o bolicnt-FPole
CYCCLTCncan | enine o Looll SI1ips:

FPactienily 017 ayrchroncns rotors ond
creirc=-driven pereraters bove crmortisccur virdinpo cor
canivre? copes in the pole Proecs, Onc of the cuin
purpese of doopsr wirdin( . 16 %0 providce peoolitive phce
-0 ocgucnec deoping viadch pesalts froa tie topgue
ccnocd by the intoracticr of tro dooper currents{ubich
arc induccd vhencvor the rotor $onGo to opeced up or
oler Govn) with the positiveo phoaso soequence i.cC.foruasd
rotating mognotic f£icld 4n che uir-uag; 1bh¢ ooount of
positive phase gscguenee 16 grootly incronscd by pcoduce
ing the reoisteree of the demper vindirps.  aie follc-
-ving cosuoptions axroe pade in dorivation of thoe CEproe
cajon for doiping poucrie

(1) The arooturce eircuit posistunce of Ut
synchronous oaekine 10 poglipible.

(14) STho £icld wvindiog vhieh is providad
only ie dircet onio hao negligivly coall
rcaiotunces ag CCmporch to LiC GrIpeP vinis
irg in thic dlrecet anio.

{51) Om0)) wzlucs of slips ore cenoidorcd.

(iv) Boropip, pouwer 140 cauccd enly by LHhe

dcopor vinding on the rotore 4.0 Olher
shovtecireulitod iAven puth: cro eencidorcd in %ie Geri-

v.tici. €& Lic capreLuicn.
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In order to derive expressicns for tic davp-
ipg power, equivalint circoit 4logrems cf synchircnous
machire in asynchrcnoug run are drawn s s.own in fig-
ures 3.4, chnd 3.5

1f the applicd voltage or uhe voltoge at ter-
sirals of the machine te U then the voltei¢ causing
flcw of cuipent in the dircct and quadrature oxes Ug

end Ug, arc rospoctively U Uin O ena U Los ©.

(g) Dooping Power in dircct axzio Eggﬁ

The plan of attachk is tbat knowing
the componcnt of voltuge in the direct &xis anG the

eguivalent circuit of a synchronous machire 4n direct

- - - e - -_—

Xal Te/s Xel

e — i e ¥

R =

FIG.3.4.. EQUIVALENT CIRCUIT OF A SYCHRONODUS ®
; , MACHINE IN DIRECT AX1S UNDER. t
| ' ASYNCHRONOUS RUN . : 7
[ ]

exis at & slip s, tie cuzrent flowipe in the danper
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vinding io the dizcet cuin 10 eoleulatcts. Zheon %ﬁe
Geoping povcr 40 caleulotcd as ucusl accopdins e tho
thecory of the asymehwreasas Chehinco.

iho offcetive dopodeonmes ot cay olip o ag Sho

crooture Lerpincls 4n diyrcet cxio 4o

124 ‘;ﬂﬂ/ﬂ ¢ 3%pa3)§Z03
2 . w& > Q(K"\ﬂi < 301)
£d(5) o 3y o =

;_; (Fpaso o 3R,.4) Jog
g o

Fpass « 3¢Bpa1 o Ho3)

3% pq Xoylrpasy > 3ipay)

= 3”
fa2 IReq Tpass @ 8%Cipgy *%o3) Engo
3Zon ¢ Tpgyp ¢ Iipay)
3% ZoaBon € EBA, § Zpag)
o X3 o o

3 E%'& ¢ Zca @ Xo1)»d (Epnaing
Lo1 Zea @ Eo1 Bpay)
2
37 B8 (Roataq ¢ Baadoy @ Sealon)

* 37 C Apgying Zpa © Spa1ford a )
v Eoy Bag Bal ¢ &ea o1 Zpay)

[ e
TR0y x By ®E g & Kok
3 “ﬁ%‘ Zoa*iea) #37(epgdnan®R qfor © Roglipan)
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thio colenlotics accnoog Giat Che vilue of
Fof/c U very cuall voluc of 0lin 40 eompurctivcly
vory cooile

wbc arroturce curpcnt in the dixced anio ot

coy nezvicnlar slip o8 4o piven by

2 U
Zago) o d

B9 2091"%2a3500%01° Zq9faaBnan)

Zho portion of this total oro turo currcnt an

the rotor cipcuit

&4 |

IR.q o LZ2dn 2 350203808
Tpaso o dl8pan o Xog)d

)gz’zﬁ,a[?na/a* 3Cpay 303’]
3 25 [FarFale 87 Bedparteaortzarty)

Subotituding tho valuo cf Za(g) 4n thc abovo

12¢0) = Zagode

or

ix'(ﬂ)zlt; {a

cjuaticngs

pom Ty

Yg
(o) @ 5 3Zal Boa_ . g (Zpaz * Zo1)
b

S ol ®

n‘\,m
Y'.,_. -"33

Voot e Vo
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Do 2 by X . v . N €
37 B Far¥ea o¥nror oFaafor)est Bartedpare
Epa1¥e1for ¢ Eoifeaor * Zac%orfoan)

Tho portico of the rotor curzent fleAn; in
the dircet axis denpor uinding

4 ﬂbl

1pa(s) = ix (o) - »
' Fass + 3 ( Lpax o o1 )
bSubstituting tho vuluc of 33(8) in tho abowo

cquation |
2 |
ipaca) = Ygo -%5 o 47 Zg3 Zpa
Substituting the vslue of U in this oqundien
42
1ﬁﬁ(0)=ﬂ 3& . -
2y _ 3
37 DK 3 oge Baafore ZagFon)e 3
2a1%,a%pay » 2parforton ¥ 5% q%01 *
& aFo152a3)

Ebl Kﬁd

Using the definition of zdf* {(Shost-cireult

Lab-treasicnt tico constont in tho direc.  mig)

2”7 o L3d-a¥pay © 3ﬁﬂ13vlﬁng;f xﬁgﬁblxcdéxbggblxﬂﬂ%
& - , .
DA ARy K g @ Kuy Zog @ B9 Zgy)

2 :
b Ral GRS
cl “rd
3‘3:3(0) = 8{3" e
3% &
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According to the thicory of the coynchrezmcas
pachinco, thc domping pewroy duc ¢ Lhe dipcet onds
dorper wirdirnt-

&
- bpa = %pa%(p) ;’ﬂ o (Leg)

Gineo 8 10 weey o0l (2 - 0 ) com bo
t:ltcn as cquol to 1.
Thoroforo,

b1
Upa = InRo) » -—'g-?-

Substituting tho vailue of &gﬂcc) in the

abevo oguation-

z .88 2
el "od
(248 Zn180aBa3 %01 EaaRo1)? (105%5YR)
294
L_f;
Furthor,
2 2
p14 X
(o) | /
e (- e
=2 ) T
£d | . 2 s 9
5 (Knlxaéﬁxaihol » & %01 )
Eonee,
& 1 1 ST
L. ¢4 a
ga = Y9 e .
R T 6% i

or, lp, o %10 0 - =
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bince 8 1is small,

62 Tg"% - o

grd therefore

km = 82 Sma e “%'- %i'- ) Wd” mawmu‘a.é.

(b) Damping Power in the Guedrature Axis

Following the s.me procedure os 4n
firding the damping power in direct axis, denping power
in the gquadrature axis can be found.

The effective impedance at any slip s 1m the

gucdruture gxis &t the srnature terminals isie

Xal

F1G.3.5. EQUIVALENT CIRCUIT OF A SYCHRONOUS
MACHINE IN QUDRATURE AXIS UNDER
ASYNCHRONOUS RUN .

f& + 3(1‘{1 g anl)

‘q(EL) ® 3% »
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Thepofore the artature cairent Lloing 4o Shic

quadrature axio at olip 8 40,

Xq(ﬂ) = 0 Uﬂ
Bq¢o)
. EEQE ( X% 3
or EG(O) a Uéﬁ o 3 aq Eﬂgﬁ

B & 2
axqa & 3 (Kalxaqoxagqul
ZnqDq1)
“ho portion of this ornature curpcatl floving

in tho guodraturc aals danper vinding
3 Tnq

g X
Bg(o) o “q(o) T s

Substituting tho velue of I (s) 4n tho abow

oquaticn
3 v 3 %nq
b4 0«::::& « p,
d q°=5~ ¢ 3 (Eﬁgﬂuq¢3a139%1¢ Eﬁqxﬂql)
Uoinz the definiticen of ?q?
o %a1%aq * £01%9q1 ¢ Zoakpal
1 2«
. ?8q
Thoreforo, .
X
fas
3pato) = Uq 2 .

’ ol o ) ,
)Ici(l, * 3 {JA% ) ED:}/G
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ihe aooping poucr due to qandérotarc auds oo

por nigding 15, acecozding Lo Sho theory of aoyneoaycncss.

neenine -

1y czunl

2 %D,
b2y = pg(n), —F - (L e o)

I£ 0 4dsvory caall (L e 0 ) 40 apﬁroa&mmﬁo—

to 1 ond heneg

o
x 2 £
1
Bq q 1; os® 202 B4
| %q 5 )
Farther,
.2
B‘Cﬁ-g' . .} o 1 i y S?qcz
lonca,
o= £F
I g2 ) 1 63q "
, o - 3
2 q .( Kq" Kq ) t BRS {}%:qc:ﬁ

Oincs © 10 vory chall, 527 < o

and thcerofore,

? 1 2 X ). ! ~ 02
B R W S &) g
q

T UaCao8 C 2
ory 'py o ( 3qf'-. 2%3 Q .
CICACHCITROCH gy 80 G,

The total doipiry po Coy

*

LD o ﬁﬂa | > an
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Sabotitnting tho valucn of lipq ond qu "

. =4 p A on 2 1 87
ipa U l:( - Y'a 6in 0 * (- = "&ao C
Kq'' Zq° Xq“ (1

It the various conotents and aglco the voltego
ope cxpreosed in P.U. , [l 10 obtoirped in Ps U. cf
ratcd RVA.

go L _4o

. vhepe v = &%
. ag

vhon 80 = o , [Op = o, tho deoping powce
15 2070 wvhen the machine rung ot synchyonous specd.
when © = 0 ond 0 = 180°

2 1 1

when o = g%, ona 0 = 2R°

¥igure 3.6 shous the wuriation of dunping
pover uith tho locd mgle,‘ the slip o beoirng ¢ho pare-
ooters It ean be scon thot theso curves hovo approxi-
ratoty  Veshopo and pinicun dooping pouwor is cdtained
at 0 = ©0° It 15 obvious from tho curvos that «tho
major centriibuticn 1o that of the queodepsturo oxio dom-
por winding cnd tleperosc a nachine hovins f’:ﬁ.}: Geopor
vinding vill heve pelutively RAch valucs of dooping
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power,
S3

S3>52>S, . ‘

| 52 E

T /

Np i

|

| > |

| l , L |

o /2 - v |

8 —
FIG. 3.6.

{e) Polsr Eaés%omentaof inertia ci
Lsiotor { GLS/4)]

e

io evaluate thic tid rotor con be cocnsidoe
red to be cauc up of two partsie
(1) the circuler mass cuch g8 the pole
yoke of flywhecl rim, und
) the redisl purts sucl as epider legs
oy erckes wrd the poles with tlcir copper

E’tc,a
(1) To deternire oass wement of inertis
of & ricgse-
Let °

1 =  axisl lungth of the ing in cms.
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g8 = 58l cm, per secont per seccnd

¥ =3 welght of ring materisl in
grammes per cubic c¢ms.

w = 2 X Re P, va

.t = time in seconds
%_anak%a hadili in cms. a5 shown in fige

AUTE 3e 7o

o e e =

Flg. 3.7.

&

The mcment at any point r 18 then

pr— ol

2 2wvrl v (dr)
r Em -~ Cn
g

honnur ——

The moment for wll polnts of a ring 18

- 2wy Bo 2 wiW 2 . .9
Y %% s ( Bp — By

B . 48

)
Ky '
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o : b2 @2
To this ooy bo adecd B TUE Loy Ghc
polceo or othcr concomtrotad Ca0s00; LRACRG

B = tho total woight of tho noos
ecngidoscd im gno,

gy = &ho diotomeo £gen the ccatgo
of provity of the maso to tho
gentro of tho shaft, in e7n.

The polar paso cooent of imcxtio for o rolon

- of soveral rings ond othor pazts eon Do oxprossed Gion

o ‘
’ ap? : 2014 & 2 o 2 8

q
This 12 in go-c” Fo coaverd it anto

p.S
- D e | |
Teno-oton™ 4% ohould bo mlt&glﬂ.cﬂ by e 0100
£netor.




CHAPTER 1V

OPERATION OF A SINCLE GREERATOR
HAVING PRIME-MOVER TORQUE IRREGULAR

m
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The irregular torgue of the prize-
mover acting upon @ synchronous generator copsrating
';nd-pondmtly 1.e. supplying its own load along ,
esuses the velocity of the pole-wheel to vary bLetw-
aen & Eaximum and ¢ minimum.

. — —

T o e o+ o i

FIG. &.\. . VECTOR DIAGRAM OF A SALIENT
POLE SYNCHRONOUS MACHINE .

1
f
}

4 uniformly driven machine has a ccnstant
specd of the rotor and hemce a fixed position of the
vector E representing the induced E.M.F. 1in the
grasture circuit. In relstion to the pole structure
snerstine with the constunt mean welocity of the 1.rn-
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-galarily driven structurs, the lster is either
leading or lagging in relation te the weector 13
of the uniforaly driven machine g the veetor X
of the irregularily driven machine hunts to the.
right and to the left through a fixed angle.lhe
voltage wector U will hunt togather with the
' #em.f. vector K, because in cass of generator
supplying it's load directly the voltage vector
U 13 fixed by the induced vestor E . Thus %e
load angle # will remain constant. Bince the
synchronizing power

‘ 40

no synchrapizing pover exists if ¢ remains
censtant. It §s otherwise also true that o
synchronous generator operating individually or

separately possesses no synchronizing power,
If the influence of the change in speed

of the machine on the line load 1s ignored, the
surplus torque accelerates the machine and the
deficiency torgue retards ity both produce a
change in it's velocity relative to itYs wmean

. The powsr sguation true for all instant
'

" - '. &> " amcw.:“ 1.
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vhers
B, = Frise-mover Pover

Np = Eklectrical power drawvn from the

generator.
B, ™ Accelerating or Retarding power
3 ® - -11-;— - -:f:-
v dt

vhere Ty * Inertia Time Constant(See Appendix)

The surplus power resulting in N, 1is
= K, - Kp
If %, <« Np can be represented by a
pulsating power with the angulsr frequency wi and
having en amplitude Ny,

N, - Bp = N B8in wt,
| wvhere By 1is in RU,

- of n,
Therefore,
4 aZe
v a®

W ctm—

at® T,

2

‘Integrating the expression 4.2, with respect to

time .

40 - _'_1_!_ Cos “t --...-mm..t.ﬂr
dat Tq wg



30

1s the variation in welocity or speed. The total
variation hetween highest and lowest spesd is given
byt~

oy L
EA v - sumg—— &

The ratio of the total variation in speed
to the mean value of the speed 1s known as the deg-
-ree of angular irregularity or the co-efficient eof
cycliec irregularity.

2o w ] ‘
. 1 = : . a" @ o— ,ﬂu—%ﬁ—- -
N
5 = muLn » 1 y T o ‘.‘.

Satisfactory parallel operation requires a
co-efficient of cyelic irregunlarity that does not
exceed g certain n.:&d‘ value. This asy be largerin
a sachine which operates aloane than in m which
operates in parallel with other synchronous machines,

Integrating aum the eguation 4.3, with
respect to time, we obtain,

B
s = ‘r.. - Bin wyt

Qr, ' ' - '1‘2 : S g o ‘.a.
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oubstituting the valus of & from equation
4.4, in the maximum wvalue eguatiomn,

o ' of

fmaz, & e

vhers «3 is the pumber of impulses per sec.

Substituting
L ® s where P 1s number of poles
120
ni
and -» ———
“ 0
where 1 1s# the number of impulsss jper
revolution.

| 8 @
h‘. - m;iﬂgw

2 10 ot
& r
W memm 4w s PRdians
4 1
or, Opay (messured in degrees)
4 1

R
i~



CHAPTER V

OPRRATION OF A GRNERAIOR IH PARALLRL
70 THE GRID WHEN THE PRIME.NOVER
TORQUE OF THE QINERATOR IS IKREGULAR

s _.J
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VRAPTER V¥V,

OPMI% OF A GENLRATOH IE PARALLLL TO TEHE
D WEER TEE PRIME.MCVER 10
TBE GEREBATOR 18 IRREGU

i‘hoi case of a synchronous generator ope-

-yating ip parallel with a constunt voltage conatant
frequency bus is entirely different from that of the
sipgly operated generator ﬁppm its own load. In
this case the terminal voltage of the grid and the
machine is common, and therefore htnting of the mach-
-ine i.e. the to and fro motion of the pole struo-
-ture due to forced oscillations by the prime -mover,
results in a change in the load angle since the volt
age vector remains constant, The weriation in the
load engle calls for a synchrorizing torque. 7This

FIG. 5.1, . VECTOR DIAGRAM OF A SALIENT
: POLE SYNCHRONOUS MACHINE .

b e e e
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synchronising torgue 18 defined as the machine torque
per unit angle, ¥Or a change in the load angle from

§ to &, + & vhere @, corresponds to the mesn po-
-sition of the pole structure, the change in machine
pover is l,’o. The surplus or the deficient powe-r
supplied by the prime mover is used in seceigrating or
retarding the polevhesl, ir balencing the synchronize
ing and damping powers, Therefore,

Ng+ Bp + Np » Ng + ¥ (N, 34n nwyt + ByCos npwyt )

. T a®
' = - » -—-T-p
w - 4t
» b 8 40 y
- - See endix
D S at ( App
'? » '?‘t“

Expressing ¥; in per unit, Kp and Np
being already in per unit,

2
'.1'1 40 1 dae
2 By Ko

v v 4qat
35 * 'g Cos mit)
or ‘2 x
«? 1 at T I L -

L(¥84n nugt + NgSin Rwgt)

d .
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Beglecting the transient, the solutlen for
® consists of two parts, one dus to constant term
&g and the other due to series

L (N,5in nwet + Xg Cos nwst)

The first part of this is the average dis-
placessnt of the rotor due to the load under whiech
the machine is operating. The second part represe~
ats the hunting or the variations in the angular dis-
-placenent due to the harmonics in 4t.

Only the second part 1s of practieal inter-
-est n‘ it is this part upon which the power pulsa~
-tion depends and consequently it is this part which
deterxined whether satisfactory operation can be obt-
-ained in any perticular case.

However, &8 has been stated in chapter 1I,
assumption no. 7, only the fundemental will be taken
here and therefore the power eguation reduces to
{(ignoring the constant term also)

a%e 1 e K

C—————  s———— '.w’a&.m W t .
ot 1.8, at Ty Ty —ecemeeceeBl.

Substituting the definitions of Tp and w,
(Ses Appendix)
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Tp = Damper Time constant
= Wy
Vg *® Natural Angular freguency of Oscillation

= P o »
¢ ﬁ‘ (8ee Appendizn

2
a2 O ‘l ..!l_ﬁm it

¢t B .
or,
2 2 | K"
(P + R P+v, ) 0u wi 8in wt eeceeen 8.3,
o ¢ x

The transient part of the soluticn which
corresponds to the escillations of the machine vhen
4t 13 first switched-on to the bus, is of little
importance, as these oscillations guickly die out.
It can, hovever, be calculated quite sasily in a
sigple case such as this.

The permanent hunting is easily obtained
by putting » = Jw.

In order to show the attiet of the damper
winding the solution of the above eguation will be
carried out in two stages. In the rirst stage 1t
shall be assumed that thers is no dasper winding
provided on the machine and in the second stags the
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effects of the damper windings will be considered.

Belution of eguation 5.3, without damper-windings:

Ignoring any other damping paths, the damp-
ing power is sero vhen the damper winding is absent
1.0
40
at

) § )
8y v

The cqmtim 5.3, then bacomess-

ﬁi"
(P * '. ) % = mm wait “”‘*'*50&‘
. 1

Pnttmg p = :w]_

| 5
Cu® v vy 00 ot atn e

X
B,w Sin v, %
O, ¢ = 1 Al Wy
| i %' ""15

The maximum value of € 18,

Egv ) §
h‘ = - ‘h—m

¥y vw “ %

» A g e BB
[]

Tywg a1t ()
vy
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It should be noted that the maximum load
angle obtained by operating the synchronous mschine
vithout damper winding in parallel with the grid is
different from the maximum load angle cbtained 4n
the individual operations the prime sover Leing pul
-sating in both the cases, which 15 simplified by
assuming a sinusoidal varigtiocn of the prime-mover
powsr, |

If Opex ‘be the maximum load angle in
indid¢idual operation and G,y be the maximum load
angle in grid operation of a machine having no damp~ .
-8r winding, then with the help of szuations 4.5 and
6.5, we obtain 3~

€ 2 . - wencencyofobe

The factor € 18 called the amplification
factor or the modulus of resensnce. It gives the
ratic of the maximum load angle in a machine contain-
-ing mass or inerci. snd tihe mehtonum forecs to
the maximum load angle in a machine in which enly
mass 1s present. The amplication factor € depends
upon the ratio _Ye ﬁhn:n,

b |

amd - - - e ot
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Since Omax; Sivem by equation 4.5 has a

valus depending upen __ﬂx_r At has & eonstant fin-
Te W
-1te magnitude, 1M

Therafore,
) §
hx’ = ml . Ve s
RO i b
w4
= Omax,.- %

$ince '“‘1. is & constant, the amplice~
tion factor € is therefore directly a measure of
magnitude of osoillaticns which aprear im parallsl
operation.

From squation 5,6 it 18 clear that as the
natursl freguency of the machine and.the frequency
of the forced oscillaetions of the prime-mover appres-
-ch each other, the amplieation factor becomes great,
t111 4f wy = wy, Tesonance occurs and the ampli-
eation fsetor, theoretically, becomes fnfinite,

Thersfors to sveld the effects of resconance
very large values of maximum losad angle, the natural
frequamey of the machine and the frejuency of the
foread oscillstions of the prime mover must be diffe-
-vent.

Purther,

4 ; ]
® 7 ii" 1
osmsssys 2B B emmesl
Vi X b |
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and |
. z [ _ - & 7
( ——— ) L j - ‘”‘?—
. '1 !I bt |

Thus ‘,(:‘.L ) tan be easily varied by varying
. ‘
T; sinee the sylchronising pover Np_ cen be varid
only within smsll 1igits.-

Solution of Equation 5.3 with damper windings

2 2 2 Byw
(P » T P¥+wg)Oa - T 8in wyt
Patting p = Jwy, gives
' | Bew
- 2-& ..3.. kL o @ | -ﬁ--t-'i---
(ewg™ 3o ral Sl ) ) o= % 8in wyt
Y sin vt
e 8 L 7%
or, '}: : i

F
("Wz *:k*wi*'.;s)

ﬁj_“ .
71 Sin wt
. iy
2 2
(vg -vw )+3kcow
The mgximum value is

ﬁ: v

T
.nz = ———H————.—-——é o
T w,* - vy )3”?,.5.‘!4.3]




Taking the maximum load angle in this case

to be W
[“"’] )

Omaxg
Ip &p = Cnata/ Onax)
where €p 18 caolled the emplification fuct-

-07 or modalus of resongnee of a synchronous machine

vith dempcr winding, Thus 6p gives the ratio .of
the maximaum lood (r-1c in & mgchine containing mass

or inertia, the demping power and the synchrcnizing
foree, to the mxicu. lowd angle in & sachine in
which oenly mass 1s provided.

Therefore,

T ""] T

For a given value of vgandwy 4 Cp <€

69 . -»--m. 5.8.

1.¢. the amplicaticn feclor witi damper winding is

lowver than the cne without demper windinge. There{ore
damper winding results in & reduction of hunting,.



‘W b - m
CHAPTER VX
DESIGN LIMITATIONS
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CHBAPTER VI

(DRSION LINITATIONS]

Nence it has besn seen that vhen an alt-
-ernator is driven by a reciprocating engine which dew-
-~alope, inherently, a periodically varying turning eff-
«©rt or driving force, there exists as a natural result

& possibility of unstable cperation of alternator - &
possibility that the nstural frequency at which t¢the
roteor tends to oscilate sy be equal to or very near
the periodic wvariations of the driving force. This
condition of resonance will cause swinging, or'BRmnting'
of the rotor. The amplitude of such rotor oscillatioms,
&8 measured by the maximum disphmmt' of the rotor
from it's stable position { the position of uniform
rotation) is determined by two factors, nsmely,

(1) the magnitude of the varistion in angular velo-
eity itself( the result of periodically varyisg
driving force working against the practically conatant
resisting force of load and frietion), and
{11) the proximity to a condition of resonance,
4 large amplitude of swing aight be produced
by a smalk periedic wariation in angular velocity, if
the natural fresquency of the swing is very near the
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frequency of the variation., 4s to the question of
design of new units, it is possible to determine lp‘
from the design of alternator. This mskes it possible
to design the flyvheel by the natural Irequeney consi-
deration ( The natural freguency should not te in nei-
‘ghbourhood of frequency of the engine vargations or the
impulses). However, a complete investigationfill be
aade using squation 6.8, which involves dawper winding
also as one of the factor to control the amplication
factor. But, as will e seen later, the flywheel dest
-gn cculd be more convenient and enough accurate from
the natural freguency consideration alone,

We had in the last chapter, the amplication
factor with damper winding es,

e = -w 1 ey~ GuBe

T )

The angular velocity of the prime-mover is
given b"w

2w 2v na
| t) ©

WVhers, n = gspesd in revolutions per minute

& = number of impulses per rmlu-
tien
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ty * tise between two impulses
'a' s given i the folloving tables~

Single Cylinder , 4-cycle gas engine a = 1/2

Two-Cylinder t-‘geh gas sngine a = 3
{Crenks to-gather) |

Four-Cylinder, 4-cycle gas sngine a = 2
tCrmn at

8ingle Cylinder and tandem stesm engines a = 2

Twin Engines (Cranks st -ﬂo") a = 4

Triple expansion engines {(Cranks at 'lm’)

The qusstion arises as tc the curys for bunt.
-ing in a synchroncus machine,

Examining the varicus terms in equation 6.8,
4t i3 wasy to ses that w; = 2wn; s constant for
a particular type of driving reciprocating engine,

v Bp

ve = / —L (See Appendix)

Hers l,‘ - _'.‘.‘_'L i3 the slope of the
| 40

(I,’ @) curve . For the turbogenerator, this slepe is
inversely proportional to the direct axis synchronous
resctance X; of the machine and is nearly so for

salient pole machine,
L .
" . AR, g —— Cos @
s " aa Xa
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Damping power can be iusressed by lowering
the sffective resistance of the amortisseur bars, oy
by providing them 1in & machine where no damping wind-
-ing s present.

Thus the resediess of hunting 1ie in,

(1) Addition of the damper winding or cha-

-nge 4in the resistance of any damper
which is already provided,

(11) Change in the air gep of the machine.

i) Change in the momant of insxrtia of the rotas
ting parts by providing a suitable flyvhesl fa the
most common methed of attacking the problea,

In the subsequent discussion a neumerical
sxample will be teken to show how the moment of iner-
tia of the flyvheel can be sstimated for steble oper-
ation.

Consider a machine with following specifice
ationst=

300 K. Ved,y Cona & = 0,8, 3160 ~ Volts

88 A, 80 e¢/a, 376 RPM,

Boment of ifnertia = 3.8 Tons m-r‘

Equation 6,8, gives the aemplication factor
with damper windings as,



- @3 X3,8% 4

- ‘W’ 200

s 18 Secs.

-

/314 x 800
18

- 72,3

“./"erm xaoo

46
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Taking |
8 = 0.088
Th = 2X0.0885X18
- 0,9 Sec,
Mwﬂ.m & Fourwecylinder, 4 wcu gas engine
| (Cranks at 180%)
' - L.
Therefors,
v na
|

/' rme PP 8
T w8 0.9 X78, 8

1
- N 3 _
Jr o g
J [‘o.oaas + € 0,0283 )
1
» . —— :
/ 0.0228 + 0,0008
/ e.om

Eow the curvu showing the variations of §
with vuriation in GD lp, and Sp separately are



T
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(1) Variation of ©p as a funetion of g‘a'
Taking the given values of moment of inertia
as unity.

Teble I.

0. 6 lw.a la.u | 93.8 ]&
T | 4.6 | 0,72 | 80.8 41» 4 |
-,a.salw.a | 0.768 | 78,8 130. 0
1.0 ]18.0 1 0v9. l 72,8, | 6,68
1.2 | m.6 | 1.08
| 3e 1252 | 2,28
| 16 |88 | 104
| ne 1a3ze | 2.62

(11) Variation of €p as a function of ¥,
O L
] 0.7 _ N Y-

0.8 64,7 3.8

1K —
0.9 | @6 | 4.2

1.0
1.1
BN

1.3
BY
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(111) Variation 6f €p as & function of B,

Table III

By Tn” 'Ca
0.0 0,0 0.0
0,006 o 0.18 4,88

' 0.36 »
0018 . | oues s.‘ai
Go8 | 07 | e
o | on | ow

The Ww curves are shown in figure 6. 1.

It can be seen from the curves of 8p Vs.,
8y, that the variation of values of §&p effects ©p,
tc & very small extent. ]

In practice the variation of Np, is feasi-
-ble only within. small limits, Therefore, the moment
of inertia 1s only left to edjust the valus of the aspli
-fieatien factor. | n

Ruml}ly, the amplificaticn should rot be
more than five in any case., With such a limitation in



a1

6. 2.

Fi1G
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-cal degrees. But for modern units, designed for use
with regulators and sspecially the single (Maximum)
rated generators fof use with internal combustion eng-
-ines, Np, 18 much smaller -~ of the order of l.4 ¢to
2,0times the normal rating, For these machines the
permissible angle has been increased to F 3 degrees,
vhich would give, in the case of p,® L8 normal
rating, a pulseting current,

M s 0,079 In
67,3

vhere I, = normal current. If the generator was
operating at a power factor lower than unity ( snd
most generators are operated under that condition)the
- pulsations would be some what iedncoa, because there
will be very 1little variation in the wvattless component.
Henco the flywheel must fulfill two conditie
~onsy it must limit the periodic wvariation in angular
velocity 30 that the resulting displacement will not
exceed + 3 electricel degrees, and at the sane time
must give a natural frequeney £0 percent different from
the frequency of the engine variations. That is, if it
works out that the flywheel offect which is regquired to
limit the displacement to + 3 degrcaa(elec;rical ¥y
gives a dangerous natural frequency, then the flywheel
must be increased to remcve the natural frequency frop
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v
1 = =
vhere n - revolutions per minute,

& s 1, for Sfour cycle engine, and
s &, for two ycle engine,
Hence the secale for two cycle engine on
Fpy, /31 axis will be & times that of for the 4-
cyc¢ls sngines the same curves being valid for both.
Table IV

o 1 o 1 o loleo |

H____QO __J ‘ 3&‘ l 0, 384 .03“‘?' 0.173

00 | 1.6  |o0.,608 [0.356] 0,208
1.6  |lo.7e lo.s | o.38

i
| a0 | a7  loces lowew | 0.eaz |
‘IGOWL ! e 1B 0,80 | 0,57
L 180 | 18,7 1.6 1.2 | o.71  f
o | 2.0 802 4
| o0 | £3,0 |S.08  {l.00 | 2,08 |
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‘ Uouovor, tho Soetor offlyvhcol offced 10 nob
all Chat cuot bo considorod for onticfaatory poagallol
oporaticn. IG 10 osocatial for gocd porallol oporatim

¢hat tho ndjuotnonts of focding end 4pniting cochonice
-00, YAtn caco tado proporiy, do not chango, Foor Opoe
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uso of roters viAth lov posiotanGo arortiococar uinding,
vhich domoors coy fomdopey 0 oselllate Ly eonounimg
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¥p = -----------u»“a c;"}* - ) Tgtt o = - )T M8
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Ir 8, 4s the value of the slip resulting
in & damping power corresponding to rated pover Npe=l RU

Then,
Jo . 2
or ¥p = K 2 - - in P.U
¥ b n 8!! “E; . e
Therefore,
8 ) 8 40
ln - M ssanss“ ——
by, Sp ¥ dt

Further for spmall gradual changes,

m ‘ ‘ ue xd-n
N - . y SN 8 # wememe ——-—im e
P P B Xg Xy

and the synchronizing pover,

& KU X

" » — - +Coner Pt cog
ae Xy X o, %,

ﬁr, “P - ‘P' ) "

For small changes in load angles Kp’ is
constant and hence,

HP = u’s’ ]

| Therefere, substituting the values of Ko » 'D
and M. 1in equation (1),
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O (e) = O, gafggﬁoa (758 ¢ B) eecsea(d)
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By = 8, %
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If %, bo the fice fop once f£rco ooedllaticn,
I, = Balu,

bguation (6) ohowo that tho nutural Lzoguency
of ogcillaticna sololy dopondc upon ¢ho synchponising
pouor cad tho noment of inoxtic.
~%o/2p
I¢ in oguaticm {(4) © 5 T 0 61vos ¢ho
rotio of tho acmplitudos of two wovos op ococillationg,

follouing coch othor,

°TO,TD £ A

0 a o vhoro L 1o tho logisthoic

doerCrent of the dempod oscilloticnso.

Ta Ber 3

L O comise gy smeseme o osemmesmsmmms

p Yo Bn ¥y
o 22

// By ) 1
J Bpg 53, Ty

172
%‘ Jﬂﬁ ﬁ?o

In 040501 gomopntors 1t 48 custensy o giwd

givo tho awibop of oseillations por minmuto,

co
o/Mmago  ® vy wilp



69

a2 & (. )
eady, Ty o (=G --2ElaE
LIS ¢ s H& 80@0§
thoroforo,
“ofme o 2 //:_"" )
ﬁ’ 3
Oz, co /coBRee X Upoiiy
Br [/ 7 GDY ma
v 4
Qﬁ‘g o €0, €O // 2 i /f ii'ﬁpa.ﬁﬁ
somaecs : F i e ) Amareasy CRE I I
8 [/ v a/ 6D®
v 4
Or, ag7? /Tp . o i
721
Y4

Ixi tho easo of lorgo oynchpopcud nachincs
tho nuober of freco oscillaticns por nimutc 110s botucoa
Co to 1E0.



66

DROBICCENRTN! 0B Bl ld il

Ge

O

P

Oaz’ﬂtx,, s 3w o2
L«uuﬂ-Dng Go coﬁ

Deycnty de Lo cmd
Jelmoeny, Lo oy

Copg o0d  Gpoeng

dJadn, G, cﬁ§

.‘.30&‘.0"(}9‘5 e Lw cQ
Lohn, L Cos

Bolwrly, e le cd
Ppeatdn,le Doy

BohepCyy e L g

Gioetpdc Lachinogy V@@.o Eag
( B, Voo Lootoend &c

Altornating Coppeat [loahince
- z;'g.
(Iedeoy « E131 Doolr 6o, 3CD0)

Fapot Gomﬁo im LGlecoteical
Imptncoring.
({leGrav - 1811 Doohk teopony)

Booion, Popformnnceo  ¢ad
Yooting of Oynebrecnons
Caota peba ey Couoop1oca)
Aoda 4) nume .\
(tado 5

'Pazollol Cpoputicn of
Altcrnoting Carrcnt Gonoppe
toro dpiven Dy Imlornal
Conbuotion Laginco?

(1o tuo pazto)
{ G, Eﬁ Bovicu, ADLH )

¢ Docipgn of Llyubcoolo Sow
Loedprecuting lachinosy
coancetod o Lynchrensns
Gonoratorn o [lotoxntsy

C 8 Ba Ilo Lop R0ED )
v Latural Daen‘latzg

Fzcquaney © yBCheo

nous [eidnco in Pam:!.zo?.'g

£ 6o Lo lioviow, Uobe.A0CO )



B

11.

12,

13,

1.

Bteovenscr, A b JTey

Theo Gchoug |

Hinpen,d. Flochorg

Putman, L V.3

Stwm:éc;n, w.f.x. By drey

Doherty, R, ks and

Tickle, C, Bey

Liveschita, . Hey

67

'kmor due to nepleeting
Llectricul foreus An cule
-calating rlywheels for
heciproc.ting Hachinery
driven by bynchronous
Hotors® §
‘ G. ke };%eviw, VQ LXV
Los11, L.overber 152, )

'Preosent status of Gynchro-
pous lotor for Mrect
connectics: o coupressors'y

(Refrigeraticn kngge
sugust, 1088)

‘Harting of srgine brivon
Genorotore in Pepgltet?

(mmm s {31 gL 0 38,199@)

'Cocillaticne and wescnonce
in systens of Paragllel
Gonr.egted LYNCHFODOUSs
Hachines'y

ocurnul of Frorkline =
¢ ‘inst&tute, Vigyev une,120%)

' & siort metlod of culcu-
1ating ¢ dywbeclst Payt 1
end I 5
( Go be Heview, VOl.XaAVIIX,

1.0eBy dtige «bd Ogt,1008)

' Synchrono:s Ngerdnes.iil

(ioXo ko Ly Treiia, Vol, RLVI
1927, Pale )

' Positive anc hegative
Pauping ir vynehronous
Fachinea! $
(4o X, ko ke Transsctions

Vole60, 1941, .P=210, )



68

18, Ccneordiay ©ay ' Synchyonous ¥achine
nampj,ng forque st Low
speeds” )

( Aelobobe Transsctions
Vol. 60, 1941, P-220 ).

16. Concordia, €3 ' Bynchronous ifachine
- Damping end
Synchronizing Torgue'y

( Belobele Trunsuctions
1951, Vol. 70, F“ml)-



	Title
	Chapter 1
	Chapter 2
	Chapter 3
	Chapter 4
	Chapter 5
	Chapter 6
	Appendices
	Bibliography

