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4¢ Dnrddor oyotoos nade use of escmon onefditatica bus aro
enorpiocd by lovol ecopomdcd DWCe gonoratorp and a battory to
provido for otandby eporeity for short durationce Uith ¢tho ompome
oion of intoreenacetcd oysticng, tho oyoten otability boeamo vital
cnd 4n tho oarly twontlon s eomminoion wao engarod 0 obudy tho
nttor in dotails Shin amsaaén roeormondod on immvmé in
tho dosipgn of ¢neitors, A0 o pegulfy onglnoors € ool ot intove
05t 4n dooigning crcitation oyotemn, ¢ho prineiplo dopending on
tho oizo of the muin goaorators ond tho installations for vhich
2% w00 Foquirode |

Ono mothod wag to use throcevinding omedtors for vorking
on tho linosyr ond 0toblo portions of tho magnotiocotion curves 4
poeond vay fer low opood nnehinog tao to uso 4ndividel cotore
geaerator goto for oieh machinge Vory coon ovcitors vith high
cpoode of roopsnch and poPo scewrato voltago rogulators troro
ndded o tho indusisy,

44, Seon 4% van £ol¢ that diveet eomnoction of tho omeiter
to tho ponorater ohofd oolved many difficultios of popnrntely
driven dzwl‘é:cs*ﬁ and Shio hoeano poptlnp, For O%andby o oparo
oncitor voo kopt and foy ony troudlo tho e cngc=0ver voo dono
mnaeally,

Doodpncrs are nlvays findiag vayo of § proving o
performanee of oneltation oyatcns by dlfferent $ypos of DuCe



Ccacentedpy clooteonio convertops otcs Tho ndp 4o $o0 peach Gho
pgreatont cecurneyy 0C0iGivity, sinplieity, roliobility opd on
4dcal pato of PoLpoRitle

Fho poures of £icld cuprent for tho prineipal clcotyic
paohino 4o baowa as tho oadn onedtor, vhich may bo 0 DeCe Machine
of odther o Retabing or Donewotabing typoe Anong tho £ipnt
gatiorony vo hovo tho Dele ponctobors or Sho Rotating ocoplificr
called Rototeols Tho Dajop Sorn woed of tho mop-rotating Sypo
io tho Dleotronic Bneltows

2ii. In Botaling spplificro, thoro ook bo novoral otapgos
of onplification. 7Tho Notetroelo bave Loon nocd with oko ofogo
of ooplification £o2 povepol yooroy bub in come roecnl applicate
ionn thoe gontrol onoey aveilable wvap fomnd too cmall for
vatiofoetory populations

Sho dovoloptent of éshcs geptapo Rototrol woos only ono
paechinog and tho cioploot constzuction 4o n Sepolo Lachinos IR
io o eonvcationnld gencpator oxeopt for $he filold collc ond oroabe
afo copnestionne Tho pachino may alm' be conoldored as theoo
goncrafdopn suporiopencd on ono onothor, olthoush tho outpub of
oply Su pay bo uwoclds %opto on puch dooigno shovcd highencnods
GAvALY opd yooponoo ond 4€ provided o ponopating olecont for
ouch cyotcns reaudsing o vory lov contoel oncsye



o uco of ofating Hashisoo f’é& centrolling ¢ho onoifabicon
mdo cacincerp uco Gho nano *Rototrol! for all ouch opRapgcontos
They rivo catiogrotory porforooneo oid are wsod in all industedon
vhoro cleogtrio machiaco arpo coployode To contrel any oyobeny 4%
10 ncoeoenpy £o peagure tho output and ctmpers 16 with o prodotons
gincd nGatdnsle Sho opoten chould provido nowosgary acticn to
corzoet Gho ouCput whca ony voriotion oeeursy and aloo eamect ony
netion uvhcn tho coproct ontput 1o obbaineds Thooo featiuros oro
sntpoduecd 4nto o Mototrel coporator by ndadtsonsl yindings on
tho £icld oapnotios I Ghip comporioon botwoch tho oulput and
tho stiondaxd Ap eado ingldo tho pachinco, coparato viadingo are
wed £opr coch AnCoiliconeo ond ﬁhﬁy cﬁo callcd pilot and otandard
fioldoe '

- If coupardoen Lo rado cnbornally, them only ono ficld
cnlicd tho control Qiclg 4o poguixode Hero when tho output doco
pot mtoh tho ofandopd; o ot oxoitation will cziot, and thio
o vocd 0o indtiato tho roguirod corroctions Agoin ubon tho
oubput io corpeaty thore 4o mo nob cnedtation ropulting fron
tho contpol cucrpy ond 00 no oobfon 1o Andtiabods

3 ) .

t'o obseeve that tho pilet and ptondnpd intolligeneces
civo U o peone of cpuodng tho Rototirol %o chonpe ito outpuls
A¢ tho corpeat ouﬁzmg sheno vould pousyoilso cnoh othor and
tho not posulting output venld bo govo, oo cocs obhel .oy 40



poguircd to oodnloln Cho owdputs Fhio 40 dono Ly o 00i€ cncppice
iog £4.1Q of ohunty oy gordop typoy oF o combimation of ohunt cnd
copdon Bypeos ubdch 4o oo Gcodgncd that it boo o oufficleat stene
gth o ougpxi m ncecopory oxeitabion to gomorato ouffleiont
wigoco to ouotudn fGocdfe This 1o poosiblo ovor tho songe vhore
tho 'naenmeaon oupve 30 o oteaicht lino ond beonee tho opapation
of thone nachinco 4o 1indted to tho é&r cop portion of ¢ho
naturaticn curvos |

 ganotinco wo moy poguire o Rotobrol outpud proportional
to tho comtrol cocrgye In such o eavoy olthop partial or polfs
oxeitoticn ooy bo uscde (Conorally rototeol pcnopators of thig
Sypo w0 pbondand popto onocpt tho £icld codlo and spociold
patorinin or Spcaloondo ia tho poloo ond fFonope  Uoo of hio
elans of sotolrolo bao ghvch ooticfaotory Pecults and con bo
aocd for vido typon of applicabongs Tor o £ov appllontions
ofditionnl aoplification io awmmwg Gho naticfactory pothed
40 00 noo clectropse neono $o coplify tho contrel cncpay oad
provido eomtrol input for tho ¥oUotrol ond to Bave roguloting
and cotibuating £ontuvcge |

Apothcr nothod 4o to uoo tun IHTotrel undte in cougedo)
and o Shipd pothod ef ardiing Pogulating problcnn involving lov
conbro) coepry 4o €0 Coodia o odnglo Deotaro Datoetpol vhich vill
gdw peoulio ofnllar Co ensonded oyotengs



ono of tho lavpo phpos uood o 800 Ry 860 Toll, 5000 IRt
min crodfcr Pototrol vhieh can Do uscd to onolte o 60,000 RY
13,€00 Tols 3600 RPH turbo gencrotors Por novmal oporntion 46 4o
a eloged mehinoy but vith tho wmz*'. reaovedy 46 han preater ¢aso
for bush roplacenent and dngpeetion thon o DeCe machine of
pivalor plcos 7The brush holdor i of double typo ond byushon can
o roploced by wing standord phunted brushove £0 vhilo roplae~
ing brushos tho mochine con romain Ao oparation ond wo toolo oro
roquizcde

pue te tho biph epecd iuvolved ohpink rings avo uped ond
the chrink ring com-wtator o tho wootinghouso floating Yypoe
She ammm viaains 4o of cho lop €ypos Tho gtater 1o of pornal
$ypey vith podificd bruch hﬁi&w#mnn gonnegtions ond addaitional
uvindingo on tho fickds ove poguisod Lo obfaln tvo aoplificotion
otogon in am-'umﬁae' A leeipotod Sype frapo Lo upod €o mininico
offcaty of hyotorosio srd oddy currents and for a fastor opood
of roopemcos  Cormuloting pole, ocplos fiocld and chunt £icld
vitdings oro inoulatod throughout the full longth to nvold
groopage pathos

L FRGARCENS

Aot b

FOLEA LA SRS LSO S G LR TR

In op opdinady sosulotor wo uve on anplificy o [Poe
duoo o lavgo eerpeotion 4n £icld cuprcnt for o ponll chango Eoon




nornl voltagoe In tho @ipcet aoting Sypos thio amplification 4o
obtninod both in the ropulator ond tho oxeftore Doweves in o
r.&;aﬁmg applificr typo roculator tho ocnplifiention 1o provided
cootly ipn tho potating cachinope WO Day bave $ro or Dope otagoen
of cmplification or uco o pinglo vnching having high aoplificate
ion pueh oo o ototrel oncitope

128 o £i0ct connfdor o tuowptage omeltationy whore tho
pogulator worko in o pilot ereltor £iclde thea hich amplificate
fon is avnllnblos voltaco repulotion eeon be obtained by arranging
the control f£i014 of the oneitor or rolotrol to raloo or lovor
in posponoc to any ehango of gemorsted voltago fren the nermal
Yainoe

low eoposdclr o DeCe foncrotor opornting on tho Lincap
part of $Co saturntion aupvo and cemplotoly self-oneitod by chund
and gordon ficldse 16 vill support L8oolf of cny woltogo fron
zopt uple tho point of coturatione I hoo onu or curo control
fiolds whieh inercoso or dceronss $6o voltogo oo woodedy and
hoop 18 oporating otably ot apy desired iwmm Thig gyoton i¢
used vhopo badtory or voouun Subog comnot by uned nnd thoro phovld
o o soving parto othor thon the potating neehinose Thopo
pachinos wouid bo having oly pope aoorly oo larpo oo opdinary Dels
Cencratorne
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gho volbare pofcpenso wocd tznc: "inteppontin: ioncdanon
chnenctopdoticnet This ncops cldpeudto Chat <cteet cnd poopond GO
tho voltape lovol ac folicuoe ViLh moroal volbapo, tus Aopedancos
aro gdjusted to oy oqual op proportional cuprcaly ozo of vhich
10 Xiecnp cpd the othor 4o pomelincase A0 tho voltaso iDEFoancos
Cepo of She iopofonens drap Covo ouepeat apd o GALTCreneo curront
%0 in o '@ipostion chovinr woltago obove mopmale Agndn 4F tho
witoce £0lle boloy noxcal volSars, the oato dvpeénnes Grovs looo
currcnt tham tho other and She @ifforcnes gurrent 4o poverscd
chowing voltago bolow noxmole Tho cuprcnto aro rocgigiod boforo
conparioons I tho olntic typo of voltago rosulaticn ong of tho
cothods L0 tho uso of o $hrce coro catumablo Peogtops o con uce
ofioiine eireudin uwoing Potetrols for coplificaticne

Tho eircult chown dn Ap«l(n) cousiots of tvo bronghoo, n
reofiotonce poth ond sotupating Toaotor pothe Cupronte 4in coch
poth are poctificd and fod into the ¢ontrel Lickldo of ¢ho

©opoboteole Horo uoo Lo mado £ pototol pilet cxeitcry on ordimnwy

cxedter and on AeCe gomopatiore Tio comtrol £iolds of Sho pofotrol
“aro conncatod €0 bo armctlenlly ogual ond opponitc, uhon Lho AeCe
gezcrator voltnpo 4o mopcale Fop thic condition, tho rototrol
outpot Wiltago io intaincd at tho reauired valvos by it pelfe
cnelted chunt ond copdop £icldoe [ou 4% Che vollago Piocs or
£allo, tho coatidl Llclds adfurt the rototrpold oo roguiped to
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10

rootopo normnl woltagce Fop ovch pogulating eircultn, thoro oro
Geano of pododas o loverping the point of imtepocetion of norml)
voltacce G0 poroit adjustoont of tho value tho pormdoter 1o oot

to caintadne |

o como edpendt 0on bo uced by olioinating tho pilot cum
Cedtore  Fho pototrol cmeftcr hag o polotivoly bigh coplificntion
opuch ¢hnt tho outpult of Ae«Ce pgoncrator £lold Dny bo contiollced
by o swall quanity of cnerry in ¢ho ¢oatrel £i0ldy ao ohown in
Flgslib)e "

Othor eclrcuitn ore ploo posoiblos ?hu popmal voltago of
tho coperotor scymxnalﬁ 80 balanced ogodnot o pofopcnco veltago
and Cho d4ffcponeo voltago vhoneyor Shere Lo nny oltarntion in
tho geacrator volinge frop the nmoptal Ao fod $o gototrol £ioldoe
Tho pofercneo veltage cob bo obtadncd £3om n ooparato beCe o
LeCo coubocy but usually a conutapt potentinl dovieo So usuby
cnopplocd By wlbage of gonodhtor vith vhich tho rogulator ip
tolng usods  Tho potontinl dovieo 10 deoipned o poovido gonge
tant cdbornating velSapd ot 4t output, irrcopostive of large
ehonpes dn tho dnput voltagos

In ono of tho ¢ipcullt cprennrcncnts, the tuo control £ioldn
of rototrol onedtor aro comnceted o hovo cgunl npd oppooito
mognctle offcet vhen tho A«Cs goncrator vollano 4o ot tho poquilre
¢@ porTal valuo oo chord 4o FAgeE{a)e licv 1F load 4o cdded to



tho pomopntor, 4¢ viil eauoo o 4rop of toriml wolfarcs Undew
puch olpeucpbonecs tho rnfoo ficld prodeninntos and iaercncon tho
gototrol oroaturo voltagey thun rootopins tho altommating wvoltago
$0 poroale Ioneo tho rotoliol contsel f£ioldo opnih rengh o otato
of balanoce

Arothor n!.ﬁuu&iz oo o oinplo cenbrod £i0ld, vhich vormlly
hao no curpont £lowios throush A4 (rofor to Figs0(b))e Thup ap
iong oo tho AsCe ponorator voltage rooalne o the nermal valuo,
thoro are no loseco and no hooting in thio Liclde Thuwp vo nocd
o ndnlrwn of paterdsl in tho framo of the rotetroly oo lonoco and
. gpace for winéing ore loso thnn 4F tho Cuwo oqual apd epponilo
£iclép aro zimﬁ, wvbich havo o Do cncppiocd econbicuouslys Ordipapy
obotie poqulntors vould have on onocopivo oino cad looceo to Lo
able $o bovo ndogunto povore Thus wo hnow tho contpel £iold
FOQuUircentoe
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I¢ %0 moccopary to Shorouchly omalyso tho Geolgn Bo gob

| candous onergy output for o piven voltaro doviantion for controlle
ing generatoro having 1000 RVA op ooro copasity ob ArC0 IPil, whoro
cneltce alé eaps orc to bo Lopt ap small as for ecnvenblonnl DeCs
conceptofye

t'e requizo oveparo throo shase op pooltive gequenco volte
0re rooponsc, 00 Sho oireo should bo cmough to wary tho largo
roucy of moapuedng circuls and thin ineroacos OUL cooPEy FOqUirew
ncatos  In thio nothody tho nogntive scguonco voltago o deduate
od $ren the line voltone inotead of £4ltoping tho pocdtivo coquones
goltapo dircetlys

7iged chovs She poy appangencat having tud bpanchooy a
vesiator ao $he lncor bronch and o caturating roaotey for tho
" none1inoor bpanche The voltage aeress the gotupating veaotor
peondng hearly constont ond fiuctuntions in vollopge affeet oply
tho lipcar bronchs This is crploined fully in Chaptor IVe

in ordor to find tho oot officiont desipn £or Shin typo
of notworlly 44 wao roguirel to Govolop o wothod of ealoulating
tho powor output £ren tho potuoslt ng o funoctiion 0f tho parow
wotorpy sooiptance, ronetanco and comtrol flold roolotongos

hio foprovod rorulating clso At for pbatic roouletoro



Doo o0z booa pupcpecdcd by Dotating inplificrs op Rototrols of
G oF L.po stapeny as thooo voro feund roye coohsnienl ond ©OFo
officlente A mORO Focont Sypo of askongement fop pogulatien i
Ly Sho uzo oi‘ Bicctronle Imcitcpse Incoo ore ©opo cootly Shan
Dototrolo ond honco hiavo o linitcd uce for A«Ce synchronous
cachincoy but they aro nove olichloe

Loocakially thoy conplst of Icnitven typo povcy roctifiors
£cd £res o fe0s fOuRCCe Tao advantasos avo clirmdpation of moving
parts, reduced cadntemino, ovoldepco of foiluro of cxeftotion ao
| lons os tho caln genesotor is poepcrating AeCo oid logtly Dy mp
Fink of Lootabdility of tho oncdter syotcos Dy providies teo
ig-itren Cubco poe phnoe ard ovcklond copnedly for cooh Svbey wo
exn repicco dofectivo toheo without offceting the oncitation of
tho AeCe peneratore Tho detndls oxe riven in thoe tonte

gencpator Loy aclf-oneitations POucy Lo c¢ollcotced by o ceporoto
clntor vinding ond 4o coatrollcd and postificd by o Dyshnotic
eoplificy ond pillcon wcetifiorge Poots chov vory rapid rosponso
g0 Gloturbanecn of tho systcie

Fop otean Surdine gonepntos thero havo boon sovornl noy
credtation systorn, 48 plago of tho conventiornd rotating creitero



$o drdnoto (hodr aommﬁam thich rogadro bigh codolicacaco,
Cnosgy for cach eyotiono 4o ollcinod Srom Wo exin genoratoy

tomAnoio op Gron ¢ cliemotol GArcelly ecanooled Co (o chofe
of (o nodn goaorator, o ofllcon Poofifiors uocd 4n Cho now
orciboblen oyotcan fop goaverting tho oltomnitag G afpgot
witago oro highly 0£8R Gleal, '

R0 yoRey eeacidored ef£er0 Wl cAVARCO0 of o slaile
méfl{imﬁﬁm wsﬁchg Ym mnaﬁw tho dhoedventenon of bigh
reYiRvagte) &lﬁlﬂ-aﬁﬂ.ﬁf& lovolo cneoratorsd &n o Botobing 2 mtzu
ovge Hoving zm:;;oi? oatto eontral oguipneal, W0 pover oon B
cantrolicd %o nobeh tho goaorator ¢20d0ctien poquircacats £or
04gfazorts 2oad0 cnd povty £oatorts

vi, Dndllotien Syoteno fov candd MM Gory oMd
‘axlmmgﬁ acaamﬁmu |

Psior $o 2020, anailotion for 1l outotacily sooulals
od gcaoratops voo oblalead by rolating azcdtors eontrollcd
neehcndaoddy by pojulotonns augvor An 3048, Sha fopravcacal
Of DEACUCeioop R0 noburfiolo ood coderiu mﬁm.em nbﬂﬁ Y
prootioatio Co uoo Hegeotie fopdifioro 4n volfoge ronnlotoro
cnd cocdtotion oyotons. Uoturally 10 a0t of Shooo ey oyolton
von BAR0D, o nenoticscaplisicr pegulatorn ond caddtoro wapo
ucsl fop MAMGeey ol Alpaeafl pasmeony Tt weeo mt uced fov
GCRCReR $ARLICO0s

A pofeotien o coot of nooeotle oatorfcdo o2 S0 uen
of cdcon poetificoo ond othor codcamiveter dovfieon Lavo hoipad
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in great prorrese in statie excitation equipmente How there is
an increased use of these excitation systims for commercial
applications on A«Ce generators upto a ¢apacity of 2000 XVa.
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A throcetinding nodn exb&%r $p of uounl conotruction ap
pogords ormaturo vinding oné mochanicol dotnilol but 4 hao threo
chund £201dg, vhich aro oloetyricnlly indopondont of ono mothor Ao
chown 40 Pige Io3, Tho cembinaticn of ficld (8) and o rhoootat in
pordan oro conncetod in poralicl with tho ooin toroinslo of o
oredtor, cnd oporoto Sn tho omnc vay ad o oelfeoxeitsd field.

Paodd {e) Ao o coparatoly ozeitod chwmt £iold walch 4o
oupplicd by seno sowrco of eonatont De.Co voltnpo, sush an o battory,
1¢ con oupply obout 30 pow cont of tho ozcitotion of tho tndn
onestor, ond At 4o wood So hovo otobility at lov vollngeso uador hopd
controls This £iold 1o uscd vaon voltofe roupe and opocd of Fosponco
polio 8¢ dooiroble to do Co. Fiodd (D) 4p tho third chupt fiold,ond
4o omitod £rem 0 Voltago Sourco, wvhich Ap Povorpiblo apd cen be
vordode 1t cloo giwo stabAlity of tho eneitor vhon tho vollnfo
rofulator 1o contrelling tho voltopo rogulation. %Tho rhoootato 4n
£30kdo (o) and (¢) oro motor oporoted mdor neaucl eontrol, tho armo
btodng nechendcolly couplod, co thnt op ropsiobmnes 40 oddod 4n ono
ciroudl, 4¢ 4o rocpwed 4n tho othor, then tho colfeomeitod £iodd
(0) 4o carpying s high curront, the goparatoly oxedtor fiocid (e)
corPiod o nopglipiblo swrronte

Tho ccabined offcet 3¢ chovn 4n the curve 4n Fige Xe2 vhoro
4G 40 aoounod that tho curront in £i0id (b) 4o sopee If tho
ghoootal i of justod % £ivo o vollage grootor then CFy oll ¢ho



ozeitntion 88 oupplicd by vinding (o), ond tho tetal £3018 caporo
turno ove chown by tho eurt pge Fer Chis portion tho oporation
Lo cindlop Yo that of o 00lf-onedtod oxeitop, Houw Af o ropiole
cnco of fiold (o) 4o incrosped % give mporceturns lons than 00,
cnd 4t vao tho only field omedtad, thon it vould bo unatoble,

If vo hovo So obtodn o Corminal veltoge OC vhich 1o lesp
then Ory Sho rosiotineo in the 20lf=0ncitod fiold would b ineronse
cf to roduno the caporce-twrnso preduvecd by that ficld €0 On, The
aporo=turno On vAll genorato a voltage Ove Duz to tho comnootiono,
thenp e curront in fiold (o) 4o veduecd, tho curront in fiold (o)
increanos ond the woltogo gomorated dun %o £401d (e) 4n ves /AnporQe
Curno of tho to fieldo end tho gonorated voltngos £dd upy So that
0C 4o tho total toroinel veltugoes

‘45 %ho owrront in fielé () 4n rogulatcd by the cmownt of
curroant in fiold (o) through tho mechanfcal coupling of the top
rhoootato, o con plot forminnl vollage ac o functlon of tho capore
turno of £1014 (n) sbovo and 4o chovn by curvo mifpge On tho pomo
curv ip plottod tho fiolderoslotonge curve of the 01 feoxel tod
£fi01dy then the intorsoction point is positivo for tho rosiotomeo
3ino cnd the poturotion surve nnpge Thuo oporotion 4o stoble for
cay voltogo grooter thon Om, vhieh 46 loso thon 10 pov cont of tho
rotod oxodtor veltasos



o obtodn mnller torainal voltago, tho current 4o hold of
£0vo 4n tho oolfeomeditod f£ield (o), and 3¢ ip reduged in tho
coparatoly omitod £icld (e)s Por rovoroing the polarity, both
£40ld circulto crc revorsad vhen curronts are sero and incroasin(
in o opposdto dircctions Honoo wo ¢boorve thot conunl controld
40 ponosdlo for the conplote rongo.

If o voltogo vopulator controlo the woltage of thoe nain
omeAtor and vorieg tho oagndtudo mé podowdcy of applicd volltngo
to tho coporately oxeited £io0ld (b), the mecheniecally oporated
£4034 rhoostat of £i0ld (a) cdreuit S0 ot %o givo fomo bace Oneals
otiones Thip ootting io high cnourh to oupply cnouph £i0ld eurront
to the genorntor £i0ld Lo hoep wp stondysototo otobilitys Uith
cush o catting of the rheootnt vhon the fensrator 1o carrying lond,
tho surront 4n £ic)d () 46 noglipgible, Polovity end nopnitudo of
rppided vollage to £i0ld (b) nre thep ropulotoed, ouch thot the flux
profuccd by £io1d (b) ocidthor holps or oppocos tho fluz preoduscd by
te baco oxedtation of £iold {a)e Tio will oither ineronto or
docronno the torminal vollagoe A0 thoe offoet of f£ield (a) 4o that
of cn ordinary colfecxeitnd mochino, o 1ttlo dnput of cnorpy o
£iold (b)) con control the output voltape ovor & wido ran{ls

The throoevinding maoin onestor hao steblo oporation by
coporoto moong for the two opcrating conditionod nemoly, by o
coperotoly-onedtod otabilining £3016 centrollcd monuslly cnd by 4o



voltage rogulntor varying the dnput to fiold (b) vador sopgulotor
centrols Tawo on cdveatago ovor the erdinary atngloefiold
copernioly omeitod noin oncdtow %han syocn had 10 that conirel
of oxeitor torninnd volim:;o 19 only weamy :wsﬁ if troublo
nhoum oteur in tho £iold eircu&%

/

Iﬁ’ thore 40 a defost in the voriable veltaps couwrce of
£4036 W) or the rogulator that contrels At; tho oxeitor will go
on w?raemg ot o vol%.go depending upen tho mocnmt pokting in
m/mzmmmd £i0ld circult (ﬂ)n The minsr effoot on tho 4yC.
Gcﬁczmtw vould bo o chopge n tho mwmnz voltage, thuo cauning
0 chongo in Pocetivo looding of the machino, On tho othor hand
ouch o follure in the nsinglesficld emcitor would moon loss of
oneiatdon coureo for the AL, gonorator £i0ld, ond it would boeew
nocospady Yo shutsfiora tho unit,



gCovago battordos arv usually not ucsd ao orpiters for largo
genorotors due %W difficultics in finding opoce for tho bottory,
for nodntalning tho charge and to kocp tho bottory in pood oporole
ing conditione D€ liochinoo of conventiennl cnd opectind docipn
oro usod op Hoin Exeitops, Thoso con bo groupcd into Rotating cad
lonerototing D,Cy ticchinep, A cgazen form of rolating paln oxeils
or ip tho cemventdonol DGy ponorotor,

%ho difforont oorlior oyotone mainly doponded on vhother the
D,Ce omoroters woroe cmell or large md wthothor tho powrestation
vas hydeosclootric or otoom, end the $up cloocon vore odthey thoo
vith o cezmion oxedtation buoebaw or hovimg on indsviducd ozeitor
for onch main gonoraters X4 voo usunl to cnovplee tho comon buse
boro by PeC. goncwntoros drivon by motors, turbincs, otorn ongines
or wlortheclss A battory vno ueod og oSondby ond hied onourh
copocity o supply the full oxcitotion requironents for ono hour,

In ony A.Co gonorotor 4f thore 4o loos of excitntion ¢ hoo
to o removod frem corvicof thuo At 40 oooontind % have o rolioblo
oxestotion spurco, ond o ot of cxpcaco for this purpose cm B
juotigicd, IHoin oxcitors of pototing typo can b dircefstonncetod
0> Coparntoly driven, The dirocteconnocted type run of the powo
opcod 0o tho moin (onoFotor, boing couplod to the main chafts Uith
¢ drdvo through o Coor, ono con run tho tup nechinos ot difforent



ppocdn for baltor porforuaoneo. A copurstoly drivon nodn onmedtor
ip driven by o notor, ond the conbination 4o enlicd on oxedCor neg
ot Altornatively 10 can bo driven by ¢ ptocn Surding or hpdrouve
3ie turbino,

Tho primo movor vhich drivos the A«Cs mochipo boing omeited
io tho beot prico rover for tho main oneitor, This arrangement &n
mest rolioblo end bodng uced cince povoral yoars] ‘tithough in tho
toginning for higheopood turbine gonorators, ticro tao Sroublo in
oporation of the omedtors of high spoedo. AL procont diroed conncote
don of ¢ho nodn oxeiter is widely woed, no spociod dosipns hovo boon
developed for oporntion 0t JCU0 RePll,
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I£ R 4o eny ropiotonee in cordos vith tho amoturo ong £iclg
wnting dn o cordoo genorator or tho rogulnting rooiotanco in tho
£i01d oircult of o thunt fonorator, then

B=1R, (1)

taorc L 4o the penovated Egllols ond I the armotuso ourront, oad
thio io tho equntion of s stroipht line through tho origin no choun
in Fige Ilel. Alo

E =R (1) | (2)

oo tho geporator voltage vordes dircetly vith tho ormoturo eurronte
Thio ropresonts tho saturation curve of tho maching,

Uhen the nnchino Lo oporating, 4t should oatdofy btoth tho
obove ogquations, tmd theoco vill be o voluog of U apd X 0% tho
poing of intorcecilon of tho curwo ond the oteaipht inde The
figuro chowp otrodght 1no Rg, RB_ end By tho pointo ef intoPooete

doa toing Pp, Pq ond Ppo I8 By 80 highy tho veluos of T ead X ab
Pe or0 £an)l end copnot B3 inerosocd, Fho walwo By 45 enlled

critical roodotoneo and ot thio voluo of wreoistenco for thoe
otrodcht Ldno ropreconting B = IR 1331 colncido vitha the otroiphs
rorddon of the satuwation curve I mf Yo [ ro tho rooultont valwo
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of voltose ond of cwrrent eon bo anything botuson = and ¥, or that
tho colutdon of equotions (1) end (2) 4o Andotornminoto cnd oporats
¢ conditions orc wnotoblo,

For o Jouor valuo By the gonerated veltago ineronced to B,

ced ot point P, tho oporation of the gonorator wAll bo stablos Tho
condition for otability 4o thot ob tho fntorcocting point, o slopo
of tho potuwroidon curve choudd bo looos then tho slopo of otraipht
o poprocenting tho rooistonco of tho oironits Hool often uned
aro Doy chunt ponorators ond Fig. 11«2 choup the curvo P obfained
fren o namotdoation curvoy mmé ropresonto the relotion botwoln
laporoeturno end the torndnod wollnge Ve

vamgfga m E) (3)

Q@ Lo tho point of intorcoetion of curve P cnd olroicht 1fno OR, mod
8Q poproocnts tho tomminal voltago of the nnchine nt noelond, thon
tho nechinog 40 doodeds

I,01+1 o {8
{or Arpaturo current o oun of lood curroent cad chunt fiold cwrront)e

,m V&Ewlaﬂm (5)
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f
Mo, n_X m?ﬁiﬁ&@ {a)

Bov 42 tho torninal voltnge bocenop YUy the £401d oneitation
4o rofusod to 0T, and tho not exeitation to OVy the voluo TV ip
dcnopnotdoing caporo=turno por polo, The gonorptod LIF corropponfe
ing % OV 40 W =1 B, drop. Tho ormature surrcat I, Lo ogual 7]

X¥, Drov Y porallel to OLs

it S~ @

The curvo GYAB oo right brod cido chovp tho charastordotic
botroon the torminal volbtage ond ermaturo current, i cpocd ronaing
¢onotonte AC I, 40 0ud of locd curront ond £icld cusreng, £ %0
(ot vnlue of locd curront the ficld ecurront schould bo gubiycetad
£ren tho ampaturo current,

Tho consteveticn thoun dn Fige 12 hoo o dinpo olteved by
@ho chopo of the ooturation curvo P  Tho nochino gpopation will
b2 otablo, as leng no the Mvcnm of crooture currcal 46 nore tacn
the rolatdve doeroaes in ¢orminnd voltonos Fife 188 Chass D curvo
botivoon the powor output end curronts Ag tho oulput {jooo oa |
incronodag boyomd Pp, o furthor £nll of locd roplotanco roduccd tho
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output and oporntdon wvill bo wmotablo, Tho roucva of inolability
£ren A Yo B 40 thot for torninnl voltogo 1os0 thon ORy tho neehino
opOFatod on the unotablo portion of the mognotitatien cwrvos In o
chunt gonorator, tho rated full lood eurrent 10 loss than the
noamiows cureent which tho nochine mr; dolivor,

Fron tho abovo dicewosian ond ¢an concludo that o owddon
chort cdpculd vpuld have no concoquonesyy of o curront fallo o
o safo volw coca ofter the namimvn valude Howvovor o dhovde
cirevie vould havo hedting offeets ond mochendend chock for tho
genorator end the prime mover, for vhich circult broakoro md othor
protoction are very notonoarys Tho offoet of chorlecireult 1o dopleds
cd in Fige 1Xeds

Undn oxeitors con Yo olther colfecmmliind or coptratoly
oxoiteds Roforring to Fige 11«8, tho cuwrvo only diowp tho noelocd
soturation curve of a DoCe (Cmorotor thot &0 boing woed oo Dodn
omedlors  Fop voltopos loso thon wwoorly 78 por cont of rated
geacRator voltage, oll of tho ficld curront 40 ucxd in foreing
Dagnotic fiux ceross tho oochino®o odr gope A ldno droawn colnedde
ing uith tho otroipght portion of the cupve 4o colled odr pop ddnog
cad horo tho voltufo vorice dircetly with tho ficld curronds

Doyond tho otvolphteldns portion of the eurvo] with o given
perpecntono dmepoaco dn tho volGogy o proates dnereneo dn fiocld



current 40 roquired, md the voltngo output 40 not dircetly proporie
Aonnl to the fAcld currcnde Tho nachino 4o enturoted, ond o groator
portion of o f301d capore turno are woed in forein: £lux throurh
o nognotic cireulls Vory ofton tho field 1dndings of tho moin
onestor are divided into covoral parallol potho, and in thig diccunce
Scn tho £i0ld curront comns thot of one of tho pornllol potho,

Por both 80lf omd mp&é&%w puedted ozeitors, the voltage 4o
voricd by chongAng tho Toniotance of the fScld eiréuste Lino OL
reproconte tho flold rociotanco ling ond 40 deoun oo thot wto slopo
46 oqund to tho rosistonce of the £40ld, L.0, tho aﬁ&;nnw at ooy
point divided by the fiocld curront pives tho fio0ld reoiotonco.

4% noelocd, tho dntorpocticn of e no-lond soturction curve
uvith tho Mno Cb gives the oporating polnt l. 4Agoin for a cortoin
coantmé reointoneo lood for vhich lino ot dndicotos the naturate
fon chornetoristic, tho oporating point m 46 fat thero 4t intere
oets the Yino O,

low by fncortdng cumo rooistanso, 4f the rogiotenco iimo ip
chonged ¢o O, thenm the operating points aro n for the no=locd cone
ditdon, ond ¢ for tho conotonlereciotmes locd conditicn, Thuo
vithin 13aito, by cheaging the opedtor £iold ropfotonco, one on
obtoln cay oxedtor voliogo, If Gio £4old roniotonec 40 incronccd
o that tho rooiptones line coimeddos with the odregop limo, thon



tho gutiut voltono con 0 oofabliched ot ony volus fyen nove to
tho point vacro tho noe=locd caturation curvo bogino to bmd ovoy
fren the adpegep ddno, In this rogicn tho eporntion 4o waodadlo
valouo cdditicnol coomo oro woed for otobilising 3¢

Hovover 4f tho nochino s goparntely ozmeited by tho pilet
onedtop, tho £iold curront of tho exedtor io foumd by the intore
coction of tho rosiotenee limo uith the pAloteoxedtes veltage iinge
Looking ot Fige 1X=1, 4% 10 notod thot thio point 4o po The
tormingd voltago for moelocd 4o ot point » ond for constonte

ropdotonee loed ot point g



Lot un briofly ecaparoe the nbove dirccuncion vith <ho
porfornnco of o oronsefiodd pachino, tho dotnilo of tho difforont
arreafenonto tad the dnproveaonts boing pivon in Cheptop 131, Tho
oquation Lfov o trooceficld mechine 40

Vz ™ gi-% fe [%;'& (L «C)~ Iia] EQ. (8)
oo Vl nK‘o' ® [hc (1«C)+ Rz.] ‘K& | , (o)

thoro ?3‘ iz Tho output voitage, ¥V 4o tho dnput veliogo, B torao

o0 conotonto mnd R ¢ormo oro vosiptoncop for fioid, locd opd
quoSenture ampy € 4o tho perecntago of coaponontiong 33 4o o
docd curront, ond vo havo oubotd (utnd

Tron oquation D, the load curvo with no cotwrotion 4o o
o%Poight Line of vhich KV 20 the neclocd voltago onfd tho chongo
of voltnpe vardos vith tho locd curront, Uhen 300 povr eont eohe
poncatod or € = 3y tho curve 4o odndlor to ot for o conventionnd
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coparatedy oxeited D.Ce Gonorater, tho Vbltﬂﬁe bodnp noorly conoe
Seal oo chowm dn Fige IleGy Buch o gonorotor hos o conotont
Toltapo chorceiariotic, This ceto oo on cnplifiors Tho patdo of
output voltaro to input voltogo to field eircult bolnpg Ky énd &p
Xeovn 0 Voltage Gaine

Tho oudput con Bo conteollcd by varying tho field voltogo,
tat for o given £icld woltago tho output vollnno is noorly consotond
ot al) loodn, Due to etnaponsation thore 4o no interforenco of loed
curront vith the £lux ot up by tho fiold curront, ond tho emplidyno
80 o conbination of tvp genoratoro, oven on locds Tho rotio of
potop butpm vlzl to tho pouey input ﬂg i5 collad povor Mplificate

ion Ratlo, ond oon bo oo lorgo as 20,000 for a fully coapentated
noching,

Hovovor 4% 46 nocessary %o imov the bohaviour of any control
oyoten under tronsiont conditiono, waon the voltopes and curromto
vory vith tino in ony vay, S0 vo shall ewmtidey dnotantancoun
voluop cnd roupdto the oquationns Fov o fully ccoponpoted mochine
v havo,

toro pafer cmilorly



LA bom (Rq*-'kqp) é;q $3))

vy oy S = By ¢ by p) By o (23)

1 v olintnato 4, ¢ ﬁ.q fren tho obove ogquations, vo ot

v@ ‘RE‘Q%D)%&” (33)

To epubins the obovs oquations of on roplifying geneséw
vith pthor cempononto of o control oyntcny the ropistceace ond
industonce of losd cirewdt oro inclufod in thomo of circult w0
unich comnocted cud the intornol veltago ¥, 40 troated o0 tho outs
put voliagos R

Vo B ¥y ¢ Ry $hyp) by o | (34)

Tho temmoicat oquotion of o fullyecompononted mplidyae e
o wittea oo

s @ (38)




vhere K i3 the voltage gain or voltage smpliffcation ratic

L,
!1 © g‘ is time constant for field eircult
4

L
T, s g 48 time constent for quadrature circuits
q .
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Tho circult 40 Choun &n Pige X7 vhoro P 40 on coplifior
hoving o voltoge coplification of ko ood o voloage 8 40 oumponcd

%o oppoor in tho cireuit &n vorleg vith tho output Vge if vo ignoro
o offoet of dotled poviien, tho oquntions o0 -
Lo =2 WX Lo Vu v ‘13)
o Boing the error veltapo and vy tho dopired voltogos
4

onfl putting p = gg p

Voo Byt Lyp) 3y (20)

The penorated EdicFs of tho quodrabure cireudt 4o pivon by



Gengrated L.d,Fe on the mein axis is given by
= 'kq s,q . . (21)

From the squations 18 to 21, ve get

gty Vg o (23)
Ry ¥ bgp ) We + Lep) T2 °

This can be eapressed in the form of time constants as befors,

F A A R ¥ (23)
T8 D Ty D 2
vhere K= z-?- being the voltage gain factor
£ q
and Ql = " and 'J.'a = F:

A‘lm #0 ] ?a + 8 | (a‘)



(35)

In tho enco of otoodyestoto o oy md 42 Ty, VQ md X ero
ohondyentato volvop

{26)

Put the gain footor K % A much groator than wily,; ond henco
Tom ¥y * ﬁ% ¢ (27)

Tho focdback 4n tho fzplidyno 16 also uped for iaproving
tho tronogont rosponoo-Feen oquation (268) wo oo that the offoed
of on unyntcl BelloFe 34ko B 6ca B modo noglipablo, To siuplify
further, vo vill put B = 0, %hup ap o funetion of tico, tho
oquatica boconog
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vy (28)

Suppoco tint vo moko o ouddon chomgo 4n the woltoge vy, ond
nolie o wndt funetion chengo in vy, The arbilrapy voluo of vy
Roce100 vy 3o

Fige 130 chowo tho dop functdens Tho oyoten 40 ouppooed
t b2 in cquilibeivn of € 5 0y wd vy 4 tho chenge in voltago
ovel apd pot the cetual vollogo of tho shoeotot ot timo sove.

106 4 (p) bo tho amoainator of ReH.B8. of oquation 110,28,
then the roote of & (p) =.0 wvil) chov o naturo of tho rooponsos

Tho value of ¥, ao o function of tao oon o found by using
cxpenoisn fhorea,

Kf;@uM



. - Mo 0. =it i

Sen vgtt)mm[Zwaaa mmw;] Vy » (29)
Taddng oo oxeoplo of on cmplidyme goncpator 30 Z 2500 RoPel,

o Cino emgmw ore Ty = 0020 000y By © 0ud 26, Tho Volw of

tho totn} gain o vould bo polcoted to moot tho stordyestato occupoey
A€ tho orpongencnt of Fige Ile7 4o to fumetion 00 8 pourco of come
tpolled vellngoe For mm etcurscy of aue per eonf, o valu? of M= 100
chouldd Corvo QUP pUPpoCOs |

o8 VQ( ﬁ) o

=5 (3 = 0°7% Cop @0) Noarly . (30)



i

Z-9

A A Q
7; it ot ;’"OKQ&_{M? csonsl

Jo

S - ————————"

¢ ¢
A Sy
MY erne



Fige 31D chove the rocovery cupve for thio oypton, cd 4¢
o found to bo ocedllotory, In dwo courco tho oreillations will
dio out, but thoro 4o no roacmmnblo dogree of drmpings Tho farot
orsillation Ao nuch boyond tho dopirod woltogey; bub the rocovery
30 oboopved o 1O movo popld them frem o fonorator vithout foode
bosks I 40 notod thot the cgwivalent o conotmt of tho nochino
80 tho o of %y end Tp = 0426 ¢ 0610 = 0586 008ey thilo tho Poto

of roeovory freo oguatien (30) 4o %%sz sceonde XU 40 oup ndn S cfd
otobildmng notwerks guch oo chova in tho nbpve oxamplo, bug

covornd puch ¢rial and orror mothods wpuld Yo lengthy mad chould b3
GMﬁGﬁg

Rocovory thova by cquotion (80) is unontisfrotory bocouco
tho ocsdllatory componont 40 oboorved Lo have o £roquoncy of 30
eyclos por pocond bodng hiph ccaporod with §, tho logorithnde
doercmont £notor of %en gocond,  Ooeillations voudd mot oxiot, A7

tho revto vope roal, or hich noons thot tho ocedllatory toro io
cbocnts In ony oquation Z{p) e aZ ¢ b ¢C = 0, the Mnit fov
ool Pedts 4o found by putting B = 4 e,

Heneo pocovory will Yo juet o poriedie i in cquotion (26)
W pal

(:% ¢ z%)a . tgf;é' ekn), (33)



R
taca potdo. of &4.0 ccaotento 40 7 o r% tnd 7 2 3, 4% ocn b chovn
that

pedogsgln (23)
0@ YOry noarly

Khaﬂ%b o (29)

So with o cimplo focdboclr loop the allowablo fotal goin 1o
A3rd¢od by the rotio of timostenotonto 3y cod in proctico o volwd
groater thon r chould bo ealcetcle

Very oftca o nogotive foedboek A8 connect-d vith on coplie
dyas %o glve o rere lincer cutpud md to loscon doturation cnd
hyoterodo offoedns Hovovor thoro Wnofitt ovo o lindt o U0
Sotal poin yound m loop, to rcduce ootdllnidonn, Shus wo L0
thnt opeursey of control of output noods o higho? foin An tho
pyotcn thea provided by o simplo focdback loop, Bosouce of A€o0
tondeney of olfogeeillotions In 0 earo vhoro *ho arrongenomd
thowa sn Fig, 3307 hao thvoo ompononticd timoelayn, ooeddlations
of bichor cmplitudo vould b3 proboblos Theeo oxpomcntiol L4noedOe
doyo ovo ome coure of 4notobility in o ecloccdelpep OYDLCTLe



Roforring o Pipge 1Xe7 vo vill diconss tho cever 0, Asoudng
Unoority 48 45 obeorved ma in the olocdy-staty tho Orror o voricn
cecording to the output voltago Vo From oguations (17) md (23),

egtor Agnorins tho woltogo 8 v2 how

k 2]
% n-%%ﬂ o (20)

Horo ¢ is oboadyeototn orvor thich choanpon cecording to tho pagnde
tudo of the output quoxity o Thio 45 allovod in infucteiel Sypo
rogulotor purh oo putenatic voldtnpe moguldaters and cpocd ropulatorn,
but 40 not tolorated for a ronpto aapulor pooitiondng oyotcn.

The outrut con bo nede to vary cccoprding to tho timo-intogrol
of tho orrov, |

eﬂf’}g”@@ﬁ (35’

oro 6, Ao the input cod O, %o outpube Uov ignoring cxponentdol
a0 ooy | |

@QﬁQQe ~ (3G)
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Avcuaing ¢he outpul to o dopondont on the inlogrol of oPror,

emmcf'e at . (37)

In ordor to oquato &a tnd Oy0 horo wildl By oo (51 at wieh ¢thio

ooy cocus, At ouch o peacht © will Do RO,

In Figo 1X-10 on olcaontory form of o romoto controllcd
torveocehondca &5 choune 8y ond By o¥o podition moaouring dovicos

tueh 00 £aloyao, Op connoetod thot tho sdpnol voltoge o vardos
cgcording ¢ tho difforcnco in nlipnnont botvoen tho dhefts P oond
Qo Ineo 0 40 proportionsl 0 O ¢

Tho odpned o 40 enplificd by on caplifiop vhleh onedtos tho
eroccegiold gonorator OF, CF oupplics amaturo povor to tho DGy
Hotor Il, vhich firdvop ho onutput thefl Qo Ac o cimplificalion
oro Arnoring tino lap offceto in tho coplifior cnd erpocefiold
genorolors Tho Serninel velRogo v of ho gonorater 40 propovie

Aoand ¢op the oror cipnnd oy and honeo aloo %W O o
In thio fipuro vy 40 not tho outputy ond wo chould concidor

the oquation for tho motor, A B¢C, topvoenptor hnoo constrnd £icld
onedtntion tnd 42 fnortia 40 nogloeted, eno em aoouas tho outpud



spesd g to be proportionsl to ¥,

:. .° =F "2 and vs = 49,

Also 8, * T " W, + | (38)
Conparing equations (38) and (38),
pﬁa =08,

‘where the constant C conbines the different system constanis, Fron
" the above and squstion No,{(38),

ﬂaﬁ‘ﬁ%g | (39)

The transform of this equation is known to be as followsy sfter
8 step change of 'O*tm

% () = (1o 0% o, (40)



Oring Yo tho onowsplions nefo, tho output thofd chonpoo
pecording o chmgen of fnpul thafty md in the cpd ¢ho oerar
boeenop £wee 4n dnpul ol volocdty pivos the peao voleedly in
tho output chaft, thich lafo the cioft P ob ca angle proporiionsi
to volocdty, Uith ono onpenontinl ¢4.0 log ono goto o quedrotic
cquation in doncainotor of oquation (38), md alnilor o tho eard
of oguation ( 25 } tho rocovery would howe ecedlictionsds

For o Romoto Contvollod syotom vith bigh oceewrney, ouch ag
tho one chova in Pig, 1110, v0 urnt tho syctca So havo nogligidlo
voloedty crrora by providing on eecoloration of output for om orrer
in oiipnoents  Approxinately tho gonorator nrmature ocurront 4o
proportional to oFrer, ‘

Hotor tarquy T o G 0

s O : .
amd 2=6¢"3 g2 = o3

tacn the torquo 40 assuzed moinly o cecoloroto tho output chaft,

Putting C 4notoed of Gy O (nd memont of drortda X,

% = P o, (@)

s Gﬁﬂ;gg;;@a 0 («2)



thich ofr o otop chongo 6y Givos uo
8,(¢) = (3 » Coa JC ) fge (a3)

Pren phycical considerntiens tho expectod continuous
ocsillotions oxiot at the novw putpul thaft pocition,

Gonoddoriug dovign acpeed; the asounptions modo in tho abovo

d4couccion are not pormSooidlo, but they hovo chovn cerdcin indicage

Loan np x‘oz.;ws%

4e Tho oyotem dopietcd in Fig, 1ls7 hoo oo Orror varying
cenprding, to chengos of the output frem o fiven dotum,
rad ot Joont tup Ouponontid tlowelogn oro Poquirid O
rocult in vocdllotions aftor ony Sioturboneo,

84, Tho voloodtyeorror oystem ghown in Fige 11«20 hng
orrgy varying according o the input veloeigy, cnd
requiros only ono onponentdinl timoelns offoct to
reouldt in ocelllotionn.

-341. Tho pecolorationeorror syotcn chown in Fije El-10,
hoo orror varying cecording to otondy input pecolorne
teny anf doos not voquiro ony timcslog offect <o
rooult 4n oncillations,

It con bo eomclvdod e tho orrop ¢on o roduscd or ovon
oldninotcd, dut tis 4o poositlo ot the omponcd of noro Wndeney



to dnstability, Also ways sre o o found to obtain error time-
intsgrals for different systems, for which a practico) method ia
the use of o crosssfield generntor, |



o fivct cynten uwodng rotating nochines for soguloating or
scatrolling purpooos vas nede by Yootinghouss S 3662, ond lator
ponorotorp of thio typo ond tho 0llicd efroulto vore ¢cllod
Rototreluy Tho Rototrelo hove ba@ uced vith ope 0%0go of rmplie
fagotion for covored yoorg, but in samo racont applscotions tho
control onorgy avellebls woo found too canll for putipfectory
- Fopuiotions |

The doveloppont of tht Se080p0 Rototred useo only one ooching,
enfl tho odoplost construction 40 o depolo Dochino, IS 45 & convente
ionad pomosotor omeopt for the fiold collo and armoture contootions,
Tho nrehine say olso be considored ag throo generators cuperiopooed
en enc enothery, altheugh the cutput of only two ooy bo ucsd, Tostn
on outh do0inO Chovod highwronsAtAvAty ond Trospondo, and it provide
¢ a genoratdng clenont for ouch oyotems reguiring o very lov
control Cncrpys

The uoo of Rotudting lochines for ecenfeolling the oxedtotlion
ncdo enginecrs uce thoe mene "Rototrold® for all sush arrcagoiontos
Suacy cAvo satdofoutory porferhones ond art used in all dnduotyios
vihceo cloetric ncohinos oro aaployed, To comtrol tay oyotomy 4%
ip ncecooory to noocoure the oultput and eeapore A vith o prodotoRe
pins. otedapde | '



Tho syotcn chould provido nceosbory cetlon (o corvoet tho
output then cny vardaticn otcuroy end oloo cmeol ony oction thcn
tho corroct output 40 obladncds Theoo Foaturon aro Antroduccd
ints o Rototrol gonerater by cdditicnsd windings on the ficld
- pognoto, 12 thio couporiion botrden tho output cad tho otomdord
ic nedo incddo W0 aachmong coporato mndmgﬁ ﬁm wod for onch
C dntolliponno, and thoy aro callod pllod md otondord f};.oﬁ.ﬂoo

| xf caiparioon 30 ocfo ontornally, thon only ong £iokd
endlcd tho comtrol £4cld 1o roquircd, Horo vhon tho cutput dooo
po% Doteh the stendord, o mot oxmeilation wAll omiot, tnd this io
ucod to indtdato tho voguired corrocticns Afnin whon tho outpud
40 corroet, thero 10 no nOt onvitation rosulting fren %o control
cROPGY, ond co o coblon 48 indtiatod, |

Yo oboorvo that tho pilot ond ptendard Sntslligeneos give
ug o coans of cousdng the Rototrel to chango 4to outpuss AU tho
SoEreet output, @icno vould noutroldzo onch othor, ond the not
rapulting output tould bo oo, Co tomo othor vy 40 roquivoed (o
nodntodn tho outpuls This 1o dono by a co)f ammzamc ficdd of
vty o cordoo typoy of 0 conbinntion of caunt cnd copfop typon,
Caich 40 co doskpnod that 4 hao o ouPfieione strongth So supply
20 ncoasocry omitotion to gomorate oufficiont voltoro to owotadn
40008fe Thio 40 poosdblo ovor the rongo thore the patusation
Curvl 40 o otendght Mno; ond honet tho oporation of thoos nrehinos



A0 3ndtcd o o odr pop porticn of tho oaturatien curvos

Tho obovo dotodlo shov tho ponorcl) prinelpios for degign
of Roltotrelos For somo uppuﬁu%ma on2 voquiron on output of
Roc?éw. unich 40 proportionsl to the contsol cao¥(¥e In cuth
00600, colfecxcitotion 40 ueods Tho (onoratosro uoe conventioanl
paréo ozpopt for f10ld colls, mnd uso of speednl tyoctaont ov
Dpotordels in tho polos and fromogs For o £ov opplications,
cdditional cmplificotdon 40 roquireds Ono vny o <he ueo of
oloctrenie oquipsont to cuplify tho control enorgy %o provido cene
twol input for the Rototroly and alop hove wogulating cné cntle
- hunting devicoss

Por othor applications, two Rototred wndto aro ucod in
cacecdo, or tho bogt mothed of handling reguloting problonoc io
o dordpn o pingle Bepbage Rototrol, uhich givos oinmilor pooultn,

Conpidor o Gepolo goncentor having o oudtipio armnturo
vinding vithout oqualisy ceancetionn, Stntor Lo cindlar ¢ o
convontional 4epolo gonorodor oxgopt thot me bruch araseroon
coancetions ore ueedy and the fiold vindingo aro connoeted in o
difforcnt ponnere I tho moin peloo of 2 gonorater with opltiplo
vindingo hove unoguod £i0id otrongtho o potonthad difforonco 4o
ot Wy duo to vhich curronts flov in the winding cnd boloneo
tho £lun frem oll polens hon cqunlisopo aro not boing wood,
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hoco eorroetdng ewronto Llov theough thoe bruchoo cod brush hnwide
op eroos comncotiont, This conditicn in intontlonally cob wp in
the Zsotoge Rototrol.

Tho Cvo north poleo &3 cod !':3 4 Fige 11Xe1 oro wabnionecd

by owrront £lov in the control amm taich avo only on Shots polon,
cxd copncgted fn ouwsh o Deancy $at one 4o otrengthcasd ond W
othor toolonod. I beucheo By cnd By aro cenncetod, o hoovy currond

A1l flow, thic boing a connceticn totvoon points of oqual potontinl
ond pot & thort eireuif. Thio crospeconreciion Yotwoen B& tnd Ba X

opcncd and the eireulnting curront foreod to flov Wwoush the anells
ing vinddingo of «ll oln poles, Tho codlo aro oo uced that
gencrpator veltngy 40 bufdt up and thoy forn tho oxedtotion circull
of @ho cocond 0¥ofo.

%hio cireuloting owront through the ovoabure cod foredng
codlo pmima o HyllgPe %o bnlonco tho onedtotion tho control
€oilo, ond ip not roquircd, Eo conpononting oud oppeding uindingo
aro ofdod o the mechino, vaich ove sinply corroctivo, Thh ccapone
ooting ccdlp ave placod on tho como anto as thoe mPocturo UdlsFe oo
corey e ommo curront vhich to%s 4t up, Uppeoitica coilo oro olco
picecd on the oudo of HeHePoy bul thoy howe the eusrent profuscs
by 4¢ cad tho rosulting £lum, 'ims'%:hay ey to suppross W0 Hellely

tat pot cenplotedyy oo todr oncdtation dopends on 4CH onbotoneo



and the resulting flux,

The nidepoints of set a,pa and BBB,‘ are used as output of
the armatwe of second stage, Main fields ars connected in the
normal vay, and the machine terminals to the field of the mechine
which it is ussd to excite, and acts ag the load,



Ap contdoned ocvliery 4F the polos of o nuitiplo winding
ormotuee hovo unogunl ficld oteongih, potontianl difforoncto o
o6 up in tho cenntiroy  Equatdons con bo vriiton for tho voltogo
aonoratode Fige IXlel chovs o tathine of tilo types Conducioro
chorn outoddo the avnoturo cdrcle indleate top cendustors in olots,
cefl Ghoro chotm 4noddo tho eirelo orc bottem condustorss

thile wwiting the vpltoge oguations, poloarity of tho fiun
chould Bo conosdorcds It chowld cloe bo kopt in viow, vhother tho
conduetors cutting the flux are ¢pp coil sldos or bolten coil siden, |
oo 28lo voltaseo 40 -ong Col would oppocoe and Poguld &n 0Ove nod
VoAtaco Cefle tacn fuo of Jocont polop are both north peles of oquod
oteongth, the net veltaje gomorated on on ornaturo epdld {(viwso cold
gidos 1o uadew ﬁiam poles) would be sove, although o voliagoe
oxdoto 4 occh codl shdo, | |

Lot ¢ b porth pole flux in Moo,

Alco oopee € cnd f 2o bo positivo vhen eoncidoping north polo



filux snd conductors of wcou slde,

The squations can be written aw

By w e ENY Fy) * (e O)m )
w e O ()

.5;3 = (* C){w 9«2, NPRPIR 9’3) |

aa(:@'a*'gs,

By m ($ )+ ) + (= OXe Fy)

‘E"i n. {r CX» ﬁ*) + (.. )+ ﬂli

=Gl v )
Hence the voltage between B, snd B, becomes

(By ¢ Eg) = 0y * g« Uy = #y) = C Gy = ) 4

()

@)

(3)

4)

8)



opd voltngo botvocn B, B, bocaws
By #Dy) 0 € k”‘."?’a oy o Py v ) oGl =) Q)

8o ¢no noticon that tho w&w batieon ushop Bl ond 33
dopondo on otrength of poleo Ly ond L, ouldy and 4o not offoeted
by polos Ly cnd Ly, Sindlarly tho voltago boboon bruchoo By oo
B, Goponds un otvongth of polos Ly cond L, cnd 10 not affooted by
podon by ond Lye Shio preperty providos o rothed of W&Wm
tvo ipdopondent 5@0%%&;0 on tho oripinsl ¢ao, tho throo
genorotors boing ro folloughw |

0s Foloo by ond Iy end beuch ormo By and Bue

e Poloo Iy tmd Ly end bruth coug By and Dye

0 Palon Ly Ly L cat By whth bruch avoo By By By

Bpo

¢ 40, thorefora, poscible %o obtain throo cmpldficotion
oliagoo £ron oné nc.o:ﬁim by ‘proz:émv omeitdng o £Arol fonorotor,
© uodng 4tp owdput for omiding tho tooead pomovator omd tha cocond
coulpat to onedto the third gonoratore



Fige 211=2 choup the mornnl vinding wced in o doodpn fow
3sptogo Rototwole. Coatvel intolligonee 1s medo R0 omvito ¢odldo
on poloo Ly cafl Ly, tho colls bolng ecnncetod in suoh o Donno? ag

¢o hoavo portiepoldo oreilation on ono polo mf south polo oreitnle
foa cn tho othor, Flun prodused genorates o voltage botwson bwuche
0o By ezl Bay omdl thio 4o ucod to omeldio coilo on nll polon. Thoceo

cet oo centrel colls for the scoond otoge of tho Rototrel amd ore
divided into two poetions, coch coction hoving holf the totnl weno
of ocsh polo,

Ono holf of tho coetdon 46 comoceted in cordop vith bouch
Bﬁ tmd tho pther half in corico with bpush Bae; Ono tominnd

o cutput otogo 40 token fren the ecoaon
botracn By tnd Byy and thus 81l offeeto of tho output curront ovo”

acuralisod R.0s tho eurront floving £roa both Bﬁ tmd Bs 4o tho

output cireudt of rototrol will maly omsitation emoulativo on ono
sosthon and difforontdnd on tho othor, Howcwer oo occh coction hag
ca oqunl nuakor of turns on ooch polo, tho o&ls moutralico ocsch
other ond rooult Lo no onedtation. |

The pceend otego eemoioto of ol) poloo ond cll bruchoo, ond
L0 oolf=oneilod 4n tho uwousl vays Tho figuro chous tho ocrdop Lypo
of colfeorzitotion, nlthouh ghumt typo cowld nles bo wccde Outpud



cirowdt ond m}f@m&%ﬁm are go Sopdpned ao o Bo oAfwountodne
dar oo uounle &0 the operation of rotoivols nornelly Ao lioitcd

¢o ho adr fjop portion of tho Daturation curvo, tho colf=ormitotien
40 co dotornined ao to cofneddo with the oir gop Muwe In thio wy
¢ho Retetrel 10 sble to oupply eulficicnt omeitnbion to 4toclf o
Loop 3to output comatant ot any particulas ppint on tho otrolghé
portdon of o goturation eupve, Thus the funetion of contyoel
collo 45 1Snited to cupplying tho voy of causing the rotetrol to
oporete ot g cortoin output, or to chango from ono value of outpud
to raothor, op noced in operating the syotcn wader ¢onivols



Z v
Copt 7K Ceri. “a™UY.

J?O}’C;r/h" -
aurlRrLrT

/ 7
o, Clevel i

;

o Mo, < Cort
AN ‘- P O Ty e Ol

’ "

e /m / anr(»j

» A.ﬂ" (\,‘ . ,1.. S an [ D 3
: PP, : 2., 7 ’
3, ’e - //3,46\:(»60“. Cé‘i (-'”5. Cnv Yades & mt;vn,‘i/

"‘-’w
LA &

(,-cuz;v\(”/ G?t/; /[C‘Nf sg;CFIt ¢ ‘DZ{',(?'?.’.

C o 3 -
5 Deses / Ype Se z’;" f xcd I 7o W Py Second St g
' ¢ ‘

. 4
’ .

é- \Qi,ﬂf FAS /7,{";,'--%; > pﬁ/# . -‘-é X< ¢ Zta / : /L.":)" (/ /

LT
o <! /
qf’ ot .'{ _,4’} vl &

r
— g v o e st s o

TFa
- /, A : E » + f
/L-t g~ ﬁ /.f/ VLR TEa} c/ {'(~/! Cﬂﬂf(,{ ' ‘h/ ~7’“‘"f e
- / - A :

\J»’_‘C)'L’ M -



Fige 331D chowo tho eonncetiond ©
wesd 4m oueh O piechinoe OB cnly opposition 10 ueed W control
1, ced Hao then coflo My ond iy vould BO citicde Agoin 3F 089

vento ceopenoatdon for oaly Mgy then cotls 3 cod 3 voudd bo 30ED

pule E:mori.mnﬁﬁ gnov thot o doolpn having noorly €0 pev cond
coopon0ation for g ond gy 4n coddo 1 ond 2y tad codlo @ oppobing

e wiih noordy 45 por cond of ‘he offoetdve poporo Bno pov poi0

povo o mindsuE tokol coil epoed with opdofoctory oporntdcde godf

— owoibotdon w8el in the oocond OWBO con Yo £oPiedy Caunty OF 8 G0

tapntaen of o EOe Doth ore uGot HRow UWLY . cyprant o high
ang CordCD axeitotion 30 proforrode 1t 4o uousk to heve g1 chely
3p00 thon £uld coount of corles preilatien nocdod to predvso 8
tmed output ciroudt, md B st £i0ld 40 tidode THO reaoiniag
anestoticn poquizod 40 sokon frem Who szmmﬁ £a00d, end ol fuotnentd

poco vidh 440 rhooolate

Phyciondly tho Gro OYACO rototrol dogoribed 3o pindlo®
to o conventional DeGe HechAROGe Tho eeamatator, SXmOvErdy
pouchon, beacleits podcdy 33::* gopo d £PE00 aro of normnl gonpiRuse
tone FO¥ eacob vhore mm& enorgy 1o lovy opor ek ppontment 80
givon %o polco end £PCHD to peduco tho Fooiéucl aocpotden, Hhon
gne £rocac oFe jcadnated, o00 fots o botkor cpecd pf TOGPONLOe



Cenodder o rotating coplifier having 2 otopos of emplificel
fons It vill hove o ongrotic circults interlinked with ono aronte
wroe Thero z cireutto caould have no saturations The nunbor of
bruth otedo nocosoney for all nopuotic oirewits vill ¥ o nindoum
of oguol to the nunbor nceapcary for tho magnotic cireudt vith the
lorpost munbor of polos, Agsin the arrongoment for good emiutote
ion vould bo oinploot if tho truch otuds nocoosory for the difforent
pagnetic cirenito oro oedo to egineido,

A lop vinding 1o uced but vithou$ oqualioerss Tho codd piich
10 nedo oqual to e polo piteh of the mognotic cirevdd with tho
largoot mubor of polons Tho winding 1s then ¢hordoed vith mmﬁﬁ
to ol othor mognotic chreutto. For o full pltch winding, the coll
piteh So oqual to 3CH/h pcchendend dogroos) the lewves inyer 4o
poved with roopoct to the wpper loyor 360/a mocheniend dogroog, and
the brush position for noximun veltope 48 chifted 390/n mochsnienl
dofwecs vith rogpoet o the pole oxdde

if ¢the vinding is chovdod § muchonicel dofiroco, the codl
pdseh io oquad to (@ﬁﬁ « B} rochanical dogroop] the lowes layoy

40 noved uith roopoet to tho uppor layor » ) nochondonk

dogroog, ond the Wruth position for samims veltoro 4o dhlftod






(%Q - %) oeshondend Gogroos fron tho polo omloe

Fipe 13led chous a froepole mamotie edpouit and  ehorded
windinges %ho upper tné lowor layorc are chotn of only pothe
Chovding 40 P Gogroos end bruth position for pandsmun veitago 40
chagted (09 o £) dogroes frea tho polo oxto, For othor ponitiens
of tho bruchop thon thot showny the EllePs vill bs fouwnd o 1o looos
Alco vhon tho bruthos ore in tho pooition ob, the ByMyFes Sndveed
botocn then 40 £0ro $.0, the bruch position Loy nove volloge 40

iAfect vith respoot to thot for nomaw veltnge by 2 (A5 «

cochondenl doproon,

In Pige 1X1ed a chording B of 20 ncchonienl dogroos hoo bom
noowcde Thus the bruch pooition for ©OPo voliage Ao chifted by
(lgﬁ - %&) oz 45 pechondenl dopgrooo fron the positica fov noon
voliagos PigeB hovD 0 Atpepodo LoMOte CATEULY By0; OUPOPAEPOOCE

cn 0 fowrepole nagnotic civeust NEIS, A5 %o winding hoo coid phtch
of o 4epplo cireudt; 48 4o chorded £0 oechendenl dogrooo vith
roferd to o cuporinponed Cupepedo £lum, cpd brudh pocition fow

Dosew vellage Lo (lgﬁ, w%@-’) or {8 mochonicend Goppoop vith
yorroot o tho poloo By 0y S0¢ tho oopo for both Domotie clreud oo
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Hov A¢ poicrity of bruchos EE. end Ba 36 negativo vAth repgurd to
the depolo nomotic tizeult, it 4o for those bruthen nogotivo
and positivo rocpoctivoly with rogard to the cuperfopoccd Bepolo
torpotie edreudS, Tho superdmponcd fupspolo £lux dooo net
{nduco ca BF totvoon brucheo ’Bg end B,ﬁ 8o thera aro noved

2 (3%& - -%&) = £0 nochandenl dogroos vith rogesd to bruchoo By
md Dye Gonorolly the least numbor of £i0M4 Coils o¥0 RoCODONY
in tho epplifiow, wvhen o&chmgmtm eircud? inducos mm
botwoon 60 neay bruches oo 4% hos polno 4,0, thon il ncpnotie
edrouits ars gymroteleal with rogord o tho ormature vinding o
thon fof occh magnotie efreult cdl ornature potho hovo the oomd
nuabolP of enge

Aoms the nagpotie eireudd wﬁz largeot punbor of poloo
to havo py polene Horo the vinding vill o full pitehod or P = O

epd Giotoneo fred pole oxis to bruch muio for nonimin voltofd 40
g, = %’f‘g mochaniond ﬂaémom In oceh Joyor tho widéh of arnnle

wro poth By = gﬁ’a ncehenien) dogrects



Por ray nognotic cireudt py for wdich armagturo wieding 10

syeaotedend, $n ooch loyor the wvAdth of ornoluro path by = B

pechrndenl dogrocs,

j P = (hy o By) = 3 (e %’3 noshondeod dogroon

md A4otoneo hotwen polo axdo and bruch axw for nasiznm voliogo
for thio nopnotic cireudt 40 |

%E’a By

M0 . 380 (oo by = w0 o
3080200 (o By oy

his chowp thot chording for ony pognotic eircuit ip tho
oo 00 St for olroudt with Yegoot nuabor of polons

A voltage 4o produced botucon bruchoo By ond Ba by tho
tuporinporod tuo pole £1UR Rebye Tho locd 40 commceted o bruthe
og Ba_ Ea end By Eﬁ, 4 eiroulinting current 1o inducod through tho
Qrotero ond thoes bruchepe Tho swlp of the ominture Hskloly
21%01 coincidop vith tho amto of polo 8 cnd 4 onft preduces enothor
oupcrinposed tipepolo flue THAS inducon om DellgPe Botucon By ond
Bap thich avo bruchoo having scmo polopity vith regord Yo tho fouwr
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polo fiux DE36 cnd tho locd circult, Henco a ocend circulaldng
cupront tholl flow through the orpaturo, but ovor e brutheo By

t2 Byo  APnturo MyHePe My, profucod hap 4%s exlo alenp that of
£1uz ny0y ond oppocao thio flut, 1t ig mecoscary to cemponocto

iy, oo cxnetly oo procticoblo.

Roforring to Fige 1X1e38 if iho circulnting currcat botvoon
tho bruchos By cnd Bﬁ in voed o oxsite the £iold coilo of %o
four pole nognotie clrendt, the 4wpolo nmochine of Pige 11186 ¢on
oporato 80 o threosptago moplifion, hoving @e folloving threo
aplification stagocte

:&; Control collo inducing the tue polo Lluz BeCy
and tho prmaturo botvocn 33}33:;

4. Twospolo £lux produccd in the polo arop 2 cnd & by
tho eirewlating ourrent botvoen By ond 93 mé U

avtaturo botvoon By ond 34,@

341, Vourepolo £flux oxeited by tho cireulating cuwrront
botwocn By oud 13{,3 and She arpoturc botieca Byy By

Dy cnd Dy

Cenrcotions of fiold wvindingo hove boon shown in FigXIXe3R



In o oeronpencndy tho £icld ¢oilo &ro arveagod oa
Ghogennily oppoesito poloo and £od by tho efreulating euwrront. ¥hio
vould inoronco the crmaturo Foretion flun produced by this surronte

Tho £icld coilo on oo U poloo e the Artotweo Rogots
fon £lux provido tho ompidtotion for tho cocomd otofo of maplificnts
done For ovoiding offoet of lood eurrent on this cneibationg ¢
 eodldo ?3* G ® PQ Q, vith equal nuabar of Guwno aro plaecd on oach

of o trv poloos The Stp collo Py PQ oo tomnoedod dn covdoo op
odop tho eedls @ Q9 cnd tho Jocd for tho Jood io eennceted botuoen
o P colls né the § eodlio, oo indlcolod in Fige I1ie32,

Thaero 4 collo are 4n tho ocmo dirceticn co thnt thoy étmesd
oceh othorfs offoet on ooch pelo uith roopoet Co tho lopd awront,
thilo all of then edd fopothor for tho onvitation curventy Foy tho
third otoge of raplificeticn oo chovn in Fhge 112113, the collo
93%96m%%%mcmnmmm ﬁmommna?a%@ﬁ

0y Qs varo eonnoelof for thoe cosond obogos

If the P ¢odlo ond tho § cedls in tho oireult have tho oo
pEIboP of twmoy o mochino oporotos ao o puro cmplifior, cnd all
eireudto hovo no curront undor otecdpeotnts conditions, thon
oporntdon no o gonoratoy vador otondye-otnds conditicns o poquircd
C4thow Sho colls Py o Fy ond § o Qq hovo to bo piven o diffopcnt



arnbkor of tuTno o o opockol ooil hao Lo bo plocoed on onch of tho
four peoloo to provido colf-oxcdlations Spocial collo moy bo thunt
connectols | | | |

M altornalive orrengenent edto tho codls on tho twp
dirgonolly oppronito pozw;,» tnd oxeifotion for the sccond otore 4o
provided enly fren amoture flux dwo to cireulating cwrrent botvocn
o othor ot of dioponclly oppooito polos, Ho uco o diotriduted
ccupononting winding in the pode thoet of 3 md 4, or by a conconte
roted winding on the poles 1 cnd 3, In both cocon tho codlo muot
bo fcd by tho eireuloting ewrrents 40 cuplificotlon of tho 3entogo
caplifior Lo wory hich, ceaponoatien of oPaaturc yecetien i not oo
critical ag in & 2eptago coplifior,

\%96’4 Sw i AM&
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Por tzonoicnt cenditiono rofor to Fife 21lei3 4% boing
nooycd that ppeednd sordon coiln arc usod for ralfeomsfintion
in o otocliyentots, Ap the control colls on polon 3 ond 8
noto the poloo north and Couth, witdle the P ond § colln cad covrdoo
£4034 epllo ooln then north ond north, thore 40 no mutual induele
Son botrocn tho control €oilo and P end § codlds or tho sordos
C0ii0e |

latunl induction douvs ‘mw batuoon eontrol colls ood tho
portion of tho armaturo botugen By B, e tho coapontoting uinds

ingy 12 the cemponoation 40 not porfoet. Again nutunl indection
oxdoto Botwosn tho P owa Q codls ond the nordop £40ld codlo, In
Vige 11leG the diffovont edroulto aro thoun 6o Oy 1, 2 avd 3,
Flunos couged by crmoturo pocetion aro chovn by tho colla My,

cnd Mp,e CF 40 tho contred 2i0ld, O tho cenponooting £8024

ond 67 tho cordep flold for solfeorcitations Agsuadng Shob cone
ponpation 10 nobt powfoel, e vollaro oguations for no lood ave

C:Q o ﬂaﬁn & IJOMQ © tiﬁﬂ% 9 (1)

%P0 © Cfp @ Rby * Byity o )



Ogly © By * lgply = Hoophy , (3)

Cally " 059 ()

V070 G b0 B dy, 8y 4 Ogh, ave rotaticnol Ediol's, For lond
sonditicno oguntions (3) and (4) Meano

Sty * figly © Bpfy = gty * HogWy )

ety clph g, @

Afcdn thore 4p a roloticn Botuoon 0y nd 33 doponding vnon ¢ho

opplication of the Rototrols Ig 4% 40 used for voltnge contwol
tido rolotden 40 noovned oo

00:36&04’3@&&383{; : (?)



shere A is a constant md ey 35 the deviation of the gonerator

voltage from norasl. Equations 1, 2, § and 6 can be sclved for
iy¢ How | '

& The current iq bocone s

Eo"l + “f“zo’ (1 + ‘tlpﬂ 6l » toop)
WWWW V.O ’ | {&)



YROF0

D(p) =R By {1+ ‘i’@a)(& ¢ 24p) = [Gaﬂaaaﬁ& o LaB) @ Byl # Tpp)
2 = € 1) = B 6, 0 10 =[5 o - e
z (% + %’gs) + %p)a'ﬂz{& * "fﬁ:}] | (®

Vaon parfootly compononted, oinnturo pocstlon dus Co eiveulating

{20)

vacro

3’(9) 2 B Ry (3¢ T pNL ¢ %p) :;"E#Nw» (3 = 20p)

* By (E“'%ﬁﬁ)ﬂ%w%*%p)]

(31)



Sk on oneftation oyoton fnelvdon ol cordpoont roquircd
£o0 pogelnta tho A.Ce v0lenpo nnd oneslbation €0 Ltho £4014 of tho
heCo INCRAANDe Thoto iy bo 0nid So conoiot of thres portose

4o Teltago Rogulatoro ond ito anrdifarkoo,,

1o DoCe MNoohinos for uupplying ongitation te tho
AoCo m&lhﬁ}g and

438, Provicion for mamenl control of tho A.Ce Bachino
output,
Tho ioprovencat of tho Rotobivl amplifior no o pard of tho

AoCe Dngbino onedtnifon oyoten hng mado vaot chanpoo in oll thyoo
porto of tho syuten, Uoo of ono otngo or trentngo ampliffostion
dcpondo on tho cnorgy availablo 4m tho control ciroult, and tho

total pouor outpnl reqwdrode Tho tveegtano Retobrol preducon
pufficicnt pouor 1o cueifo tho f4old of tho larpeot gtonrwedrivea
penoraton, tAth noarly the somd control cmirpy oo wed vith o
odnglo otago machino. It my bo wod cithor op o piled oxneltor
or n0 o Dain oneitor,

In nochantond conotrustion a Rototrol 4p Oho samo av &
conventional DeCo Dnghino of oindlar roting ond opood, Howovor
tho phyodeal oico ooy bo olightly diggow, duo to e fiold vinde
in30 in Cho ofator olrusturo ond duo to oporntion vith an wmonturste
¢l pammotdc elrowdt, Tho cdrepaps oro of nowmnl niso foz both
Sypoo of nachinoss 1o ean oupply ono oF (vo ologon of coplificnte
4om 40 o four polo mnchino, oo that 48 onn Bv comnoctoed dirootly



to the shaft of any gensrator operating at say 3600 RPH, For
providing excitation to machines with slower spesd, the Rototrol
sust be sepavately driven at higher speed to obtain & smaller unit,
vhich may not require excessive conirol energy.
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#40. 1117 chove tho oinplcot Sypo of rgﬁatrnl pilot oneit.
¢ Lfor uso vith a turbino gcﬁc}mwz%. Tho rototrol 10 o aowcﬁtmm
al DeCe Drching having o high opecd; ﬁho AuCy geacrat@rvnna gain ond
pilot ozcitors aro all run by tho oano ﬁh.at‘iﬁ at 1200, 100D or 3600
ReDslla fOr a GO-cyclo gonorators In a normnl oxaitotion zs;}'aﬁmg, tho
pilot omeitor 10 n conotont wolfago poner-tor. Hovovor tho rototrol
pilot oxnedter is a variabdlo vellapo pllol oweitorp and tho opor Ge
don 4v oindlar to thot of o noroal oneitomerhcootat oyotome But dn
tho nce arrangenont,; no roguintoreconirolicd ratoresporotod onoitors
£iold rhoootnl in unede A varinabloe woltago 40 ocupplicd to tho nain
oncicor £401d by tho rotolrol pllot onoitor vhileh 1o dircotly
eeanceied to tho ficld nnd 45 eontrollod by tho voltngo rogulator
oautenntie control undd or tho hand control wadbs A potontial umide
wossuros tho volfago at ponorntor Gorpinalo, nnuing tho rogulator
renelato tho polyphaso voLtasod, |

Tho rogulotor sutomatic contvol unlt 18 difforent Lreo
provious coatrol unitag uhich wicd o contoctemaling volago noapure
ing Wit to comtrol tho mineomeitor ficld ricestat through normal
and quick raico and lovor contactorne In that artungeient 4t uno
Aceongary o wio sava#al moving parts ond contaotorn, ZTho
au&anatid_control mit wicd horo avoldn oll centnetors and all
roving porto, ~18 40 0 otitfedovicede Fhio oyptc winidly weo
Arncldoneo $ypo of otatic vollioge wosuintor,



Tho phyodend eontrol uaif has a beddgo cireutt omedted dy
mineozeitor £30ld voltago drope In this beidgo eireuit, tho
rototrol cntrol ficld io eonncetod difforentiolly. Any ehango in
tho chunt €403d voltago of tho muin onelfor £ron thoe handsool voluo
eroatos an wabalmneo ia the bridpgo circuldt, ond currcnt flovs in
tho rototrol contmol fiold toorreal tho wveltagos Tho phyodesl
control unit henoo rogulatos tho chuat £iold voltape  of nadn
aneitor, to koop it gonstant of ony oot valwe vhieh nocdo no
furthor ottention by tho oporator. Doponding uwpon the onorgy '
reyulpcacnts one pay have oo or o otagos of amyiitieatiaﬁ.' ™o
F0%0troL's Dolfwoxelted Dordos £lcld providos all tho omeitation
necdo of tho pilot onedtory 4F the 4.0, gonerator 3o oporating with
pequlnted voltagos AT tho rototrol epornton on tho otralrhat portioen
of tho ooturntion curve, the contpol £icld hno o otabllialag offoet
and koops tho rototrel veltngo at conotant voluos

Conotruestionsl chongoo in dho robotrol 6on pivo rosponse and
ooiling voltaros oitheor ogund te thooo with conventional D.Ce
pgonaratorn oo ochoun $n Fige 1IZe«7 or bottor thon in tho old syotonn,
Tho sorlooetuacd elireult oan uiilico tho 4nduocd Cransicnt curront
in gonorator £iold and in main omeltor ficid, 4vd to AeCs CHOPLe
clrondt or sudden changon An Xead, Thio flous throush tho solfe
omadted rototrol cordon fields PR30S omeitor chom 4n Ple I1Xe7
rives o)) the padneoredtor opeldintlcay ~nd 3. Sdcntien) vith tho
oido: oyotezo woldng pilot onmelilorse



A groat advantogo 40 tho oilofnation of tho intriento
oncitorerhcon  atie rogulntor vith roving portoy. ‘mﬂ of tho Cotor-
operated flold picaotat of tho madn omedtors Sintlar to tho eaco
vith tho oneltorerhcaotatic oxclintion oyoten, & ohovtecireudt op
opcrweirouit rooults in loco of rototrol pilot oveitor, and honeo
3030 of oneitotion on tho A«le gorornlowr, ﬁwﬂvnr\ expordongo ohows
eomveational pilot onedtore to bo vory muabla.;_ In tho oaoo vay,
rotolrol pilot oseitors oro npochonfically and clootpienlly cqually
relindlo, a2 otondard ports sro wocd fn bobh typoo, ond stondard
oultdplo fiolds in oddition in tho volotrols In both oyotcas, tho
- min oxeltor 4o oimilar in eonotsveticn,



Fip. 1130 shovg anethor oyoten uhieh 40 hottor than tho
ono alroady deseribed, I8 40 Imovm ao tho dushebooot rototrold
onaitation pohoro woing Shreco £aold min oxoftor. Tho potcntial
walt cnd sutonatie eontrel valt or: 4demtieal vith thooo in tho
provious syotcme Tho pllet czedSer 40 tho sams typo ao boforo,
oncopt that 18 oporatos in o Ailercat mannor. I8 e bo bottor
radorstend by nnolysing tho vorking cf tho mnin oneltors Tho
nodn oxeitor heo o rormnl conntrustion, omeopt that 4t hao theeo
shumt fiold windings inotoad of onoe Fioké {5) 40 o oolfsoncitod
ot flold ond sugplion coot of the fRold omoftation for mainm
onedtor, gotting 4%0 cncrgy frem (v oromturo elpouit in the
usw 1 mannor for a oolfwonmedtcd ickde. Fiold (o) 40 2 oop rates
iy oneited ohumt £icld fed fron o ofatlon batlory, and capablo
of giving 20 por eent of tho tofnd areltation requived by tho
podn oxedtor. Ite purpeso do to civo oUability ot lov volgngoo,
vador ghvgiuak.ganﬁQala

This 10 uscd yaroly vhenovor tho oposd of rosponso woltogo
ovdput ranno makep 4t negosvarys Bhcosstato are provided in tho
cacegiolng olrouits of flolds (n) ond (o), tholr rhosstal armo
boing couplcd tegother in ouch o usy that vhen rosiofanco 40 6éde
cd to onc fiold, 4t i3 removcd fron Gho neeonde Thio conbinntion
am oither bo hondecporatcd or cotoresporateode Alco tho *acostng

£o2 £401d (0) gots opon elreuitcd % noarly hnldf veltago o tho



cadn onedtor cnd remoing ooy 00 tho voltapo of cxsdtor 4o dnerodDe
cde Thud omo oboorvos that fiold (o) otnbilincs the oodn oxmektor
ot lou voltogo output wder physiond control, by ohifting Sho
totol ootupation eurve so that - pooitivo imtorocution of tho
o~tupation eurvo with any fiold roolotnsneo lino 1 socurod.

Ao tho otabildsing offoot ol highor onoitor voltagoes 1o not
rogulecd, tho opon eirouiting of £iold (¢} hao no bad offcets and
@roin on gvation battory for thic flold 40 avedded,

7iold (b) 4o o chunt fiold cmedted by tho buskebooot pilot
oneitor, In oporation vith thio onaifation oynten, tho shovstat for
£4018 (n) 4o oot o that it aleno provides o bape ficld cusront 0efe
onouh %o Loop otoadye-otato otnbility at full lond oa tho AeCe
pocrntors The volfago rogulntor goulr Ao tho buskebooot pilot
oneitor output for polerity ond cosndludo, oo thnt oneitation
cupplicd by £iold (b) cithor oddo o or subbrneto from tho bago
onodtation, Thio holps to onintain Cho oot A«Ca Toliapo nlthough
ond Boops ehonging on tho 4.0« mdhino,

Undor rogulator controly tho roliotrol mitcd £i0ld of anin
omndter 40 Atoolf a otsbilising fi034e The buckehsost pllot
onadtor ean owpply sufficient caorgy o the Fototroleonedted fi0ld
on can oxoitor, 0o that tho not oxcdtation enn bo controlled,
cvor tho normil Pango of AlCe genopator, by tho voltopo segulotors



Ao tho baso omeitation 4o oupplicd by solfecnmeitcd ficldy 4f thoro
fo -ny troudlo in tho rototrol bushebaost pilot oncitor or ptstis
typo voltage ropulator, couploto oseflation 4o not loot ner load
oupply 4o dioturbed, This Lo on odvantogo ovor tho oldor oysteon
ond tho previous ono. For a shorteciraudit or opcaeoircuil in
piloteozeitor eireuit, tho 00 baoo cmeitnfion reraing wnchangeds
thea o edronlt i’a&lﬁ s A«Cs conorator 1o earrying a load 4ifforont
fron thet nscd for the rhovotiat cottinz, the A.0. genorator contie
awos to earry ite londy but nd a difforont m@ fnetors



Lo
St



Tho bydreolostede gomoraters oro of 1ev cpoedo vhilo
ototrols havo high opoedoy 00 4t 40 not practieddlo to bhavo o
airoct conncetion ¢o ponopator ohafls Tho buckiebsost pilet omeite
of Duwit bo drivon by & omal) nofory vhich ercntos tho problenm of
polinbic povor supply feor thio wotor. Throo £i0ld main c.z:cateé
syoton 4o vorknblo for clovsoposd gencratorsy no ohotm 4n Pig.
11Ze0s For poronl oporation of tho A.Ce gonorotory tho anezemtuﬂ
don nyoten vill oporsto ao dooeribed proviowoly Le0s tho Ookfe
onclited chunt f40ld pivon the Dago oneltaticn ond tho rototrol
giveo budiebooot netion to cdjuot for tho chongoo in veltagoe of
tho genorators Por otartling the goacrator, vhen no outoldo vourco
40 cvadlnblo for driving tho rototrol ll.8. ooty tho noin oxoitor
10 colf=o ¢ifed cnd providos oxaitatica for tho oalam ponorator,
io ooon oo tho A.C, voltage 20 avaliniloy tho retotrol miy o
otnrted and tho voltago ropulater connoeted we

tthon thoro nro short efveuilo on tho A.C, oyotcn, tho
oyoten chould bo ablo to ocupply fulleomeitaticn to tho peaorator
£40lds In tho oystom ohoum, Shin 10 oehioved Dy croating puffis
ocicnt dncrtin 4n tho rofotrel nage 00U to cappy 4t Chrough diontuse
baneoo vithout such chongo in gpocds, Othoruioo tho rototro) rotor
gemarator oot 10 nado only of throcuuaﬁtn vith on Ale and DoCe
driving cotor. For nmormtl oporationy 4% 4o driven by tho A.Cs
- zotory Uith tho D.C, motor flontinn oo tho batlory nnd coting oo
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D«Co ponorntors I thoro 4o o dlplurbonge on tho A.C, oyntcny tho
D4Ce machine chall outonatienlly Solo up the driving functlon, vhon
tho A.Ce voltogo £allos Aflor the rootopntion of A.C. voltogo, tho
AsC, zotor vould ngain drivo tho leG, 0ot |

Tho rototrol con bo drivon by nn entiroly indopondont courso
of A.is ONOPEY, vhich chould o rolinblo oF automatie {ranofor prow
viplon should bo nado, Any froublo on thio A.C. courco vould wupsob
oporation of tho opeitation oyotoms Tho oyoten shown in Fig, I11-9
io most roliablo, whoro oupply %o tho rototivl driving pots disturb.
¢3d only vhon thoro arofluctentiono on tho uadn A«Ce oyotes, Hovevor
cnough inertis in tho rototrol Gele 0ot slloug 1t to overeomo tho
dioturbsnco, |



b tucestago ¥otool can bo onotrustcd for dig POUOr OUlm
put by using 2 oa0ll control Gold caorgy, vhich my bo supplicd
by dnstruncnt transformoros I8 omn Lo dircetoconnected ¢o the
oha"¢ of turbino gonerator, an 4t hno o high opocd and tho gavo air
gop ng on ordinary DG, noching, - -

Tho irostesonnoctod rototrol of thic typo cioplifics ture
bincegcaorater conctruction ond m&m'cnmcd by avoiding uso of o
pilot oneitors The potentisl mit ord voltago ropulator owtoontie
coatrol wit aro tho samo a0 usod for duckbooot pilet oxeitor. Ito
posformnes 12 oinglar to that fzon ordinary oncltstion syotemn,

By uﬁing Rototrol pilot omoitoroy dlroet econnocted for acy
inotallations, cad noparntoly mﬁo? ﬁrﬁvaﬁ for oldor inotallntions,
nnd using otatio notvorky for voitapo voquintien tho avorall
oneitation oporation hao Amprovcids

A pood vay to avoid Cadlurc of any spparatus 4o odthor %o
olimdnnto 4t, or nako 4t olmplor, Uo olinimnte tho Ropulstor with
ito contoots and the pilot onchtor in tho Moin oxeitor Rototrol
oneitation for Turbine gonorolorp, 7Thuo vo aeconplich vith ono
main onoitory complote oxcitntion, stobility and rogulation vith
tho addition of only a atatic voltopgo rogulating notuwersiz, Bo owr
purpeso hno boon sorvod &n ong onedtor, vithout uso of ndditionnd

bruchon, short eirculicd vindingo, or othor conotructiono roquiring



ecdjustnent, Ao tho noplifieation 46 preduccd in the main oxeltor
1%o0lf, it 10 constiucted oo o BWO00Ng0 rototing anplifior, in
ordor to nocd only & cnnil opount of control onorgy £rom the obotia
notuork, |

Ono of the oisos of oadn oneftor rototrolo uscd 40 200 RY
260.T018 3000 RePelle for oxedting n 00,000 R 13,000.T0l% throoe
phapo GOeeyelo 380D RB.Palls turbogonorator at a povor factor of
0,06, Ito prineiplo io tho Uootinghowso conotruction and glveo
o ¢loocd mashing for normal oporadicn, Whea tho covor 40 romovod,
4¢ pivos bottor acconsibility for inopoction end ropinomment of
breshos than in o D.Ce nachino of 0icilar sigoe The bruch holdop

40 of doublesiypo, and vithout using any tools the bruchos e¢an
bo roplaced vhilo the machino 20 in oporationy by caploying ofende
ord ohuated brushoo, Tho arpangen-nd ond avzbor of brughos 4o
normal and paco oo on on ordinney 800 ! 2000 ReP.lle oneitors

Ho ochutdetmo oro noecosary for replaeins brushog, dut a
doprosood bedplate 40 uoed for coavonfcaco of brusk roplaconont,
Guing to €ho high opocdo, chednl ringo ore uscd and tho ghrink
ping cormutator 4o of tho Ucostinghouno flooting ¢ypo. Armaturg
uinding 40 tho ordinary inp vinding vithout ¢roon conncctions,

Tho openingo botveca commutator ncelo aro f4llcd vith inculating -
natorial, and tho uinding fo hopt bohind tho mo-ks aid wmSer
- onSonsions of front coll Lo twold croopage pathoe Tho only livee



ocrcoping ourfagoa on tho cmnture avc tho inoulation nowr tho
bando on onteasions of front cedl ond acor tho ohrink ringoy and
thooe ¢ bo cloamod by coapronned afy uhile the unit 40 oporate
iﬁﬂ @ ’

The otator 4o econvontlonal, cxeept for rodilficd brush holde
or arcén connoctions and ndditional ﬁield'winﬂinga to got twe
copiification ofagos. Tho feane wsed io landnnted to reduco
hyotoroiog avold cddy currento and pive o faotor rogponso. Yind-
ingo of sordss ficld, vhuat flold end cormulia®ing pole tro inoulnte
- o8 for tho full longth to avold ercopago pathas Tho beoaringo uscd
aro of pc&nqﬁazuﬁypu,'aﬁ thoy ncod no nonbors for ¢ying to tho
£omo and allsy bottor ooccocibility pogording oil coils around
tho ohafty; hongo redusing ioaboge of oll.

A f&aﬁxbla goupling 40 uncd on tho 4.0, ponorator ghaft to
drivo the oxeiter fron ito comout COP ond. A Lan 18 provided om
ond of turbiné ccnaraéay thaft ned pivoo ooparnto ventilntion for
Sho 4.0, oxedtor ond A.Ce gonorator collootor pingn. Bafflos
projeeting {owarde £ron tho sovor and rubbor sonls provido porige
iono 4in tﬁo housing of owcitor %o divoet tho ventilating air for
officient coolinge Tho dircation of odr flov 4o Lyen roar of

achino towards tho comutator and famy ouch that thoro 1o no
porocdbility of draving in carbon duvot £ron worm Drudhode Tho
. bagflo ot front ond of sormutnotor n-log She oiy paos ovor tho



eccoubntor, thus cooling it cm.ﬁ ﬂm brushes. Alr for callcetor
ringo m carriod fron the reoy of ma&ﬁm' in hollov tubas to tha
AsCe ganomtor ficld colloctor xinnn i mmhoﬁ. Filtors aro
m::ﬂ at the sir ontronco into the oxmcitor unite. Afr o diochnrge
¢l directly bolor the fan, valeh 45 placcd nt tho end of tho AC.
gerorator shaft,.

Inopoction opcaings nro bullt 4n the ecover and iphto
provided for illwination, oo Thot vortiag enm bo oboorvcd with
tho cover is closed. The epuor 1o cowatod cn rollors, vhich ¢an
bo waved by o hondlo ot ﬂm cad of tho eovere. Pulling of this
handle dopresses the rollors: aad ¢ho covor ean bo rollcd avay
froo the oneitore Thio ¢an to doms cyon vaon tho unit 40 vorke

inge



Sovoral 9egu1nt1na ocirouito ann bo uncag Eleeﬁaoamoé&ana.
aal reano havo the advontapo of fﬂﬁcﬁ rafovcaeo guch a0 ooil opring
tenodea, but havo tho arovbaels of ﬁﬂvina mna ﬂnaring pa9$§¢ nirnatn
ceting shcoototic ﬁ?po rogumaﬁarﬁ vith spring covated moving parﬁn
havae ovorcono tho diondvantagos of maving,ana voariag partts '

A botter way 1o o wig » rafbﬁanae eonoisting of intoroccte
ion of noneiincar ondg lxﬁmar inpodnnes cha&aﬁ%oria&&n&; @hb rogule
a%ing ofreult L0 balagnced aﬁrtha point of 1ntqraeat&@n'o£ tho tuo
charnotoriotics, For ehﬁngas fron the voltago lovel for vhich tho
intorgostion ic toant, a eurront difforoneo $o0 sot wp in tho otatie
riotuoris to provide onorgy of omo polority (or 4to opposito) to
oncrgioc tho rototrol eontrol ficlG. Pige IVel chovs thoso
ohnrngtorioties, Tho curvo 0AB 1o nensiincoar ond indicatos relate
fon of AsCs applécd woltngo ond tho curront ficving through tho
paturated ronetor, ond OAN 1o o ofsalight line ohouing the rolatien
botuocn tho applied voltago ~mt eurpent throumh the capneitor.
Usally tho volSago valuo choocn £or thoe intorsection of tho
iopodoneo shopagtoriotie 4o 0 bit lcos than tho waluo of norond
volingo gonoratod nftor rcdustion Shroush potontial (eonoforcort.
Por gotting o rango of adjustnont of vwoltago lovol, o rbcoptod 4o
ceanosted in sorlos with tho ¢dreui¢ vhich givos ftho roforonco
icvols Tho opor:tor ¢an chango Sho #hoootat popition to vary tho
roofotoneo of tho eireuit ~nd thw tho voltano to & Gopircd levol.
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78ne 111610 chovo o oyoten vith o otatic rogulator notuork.
Tho regulntor autentic contro} wndt ineclvdas tho ecapaeitor and
potupsting roootor, Anothor pard 4o tho potentiol wnit in vhich
AsCo VOLE 00 ond ourrent nro nood %0 oupply pomdtiveeoogucnes
veltngo for tho outeratic control valt, and adjustnent for oqunle
ioing roactive load botucon tho A;ﬂgvgmﬁmrnﬁara wich oporate in
porallols Thoro 10 o control owiteh to suitch ﬁhq-ragulgﬁerﬂgn‘nﬁ
out of ¢ircult, ond o phyoienl control unit for controlling the
rototrol oxeifor nonunlly vhen tho volfage rogulotor 1o not in
0OIvieos | o

Tho intornal conncetiong of potontinl il snd automatic
conteol unit sro showm in Pig, I1l1-lls In tho control wai¢, tho
input AlCe voltago foodo diroct %o tho copaeitor circult and to tho
Perctor cireuit, oach of which onovpioos n drystypo roetdfiors Tho
rootifior outputs are conneeted in o oorles rolation through o
%oppcd rogigtancos Tho control £iold 4o conscotcd fron tho gentro
of tho rcolotance o tho opponita 04Go of tho potifior odrouit,
L% tho point éz_inﬁernouting iopcdoneoy tho current nnd voltago
output of cach rootifior o idonticn) nnd no difforon 0 eurrent
" poachen tho rototrol control fold. Uhon thore 48 o £all 4n AlCe
voltagoy tho eurront boeomoo loas in tho v¢$¢t@§ efiroutt ond
causes oono eurront to £lov in tho control £iold, vith tho oomo
_ polarity ao tho capacitor roctifior, Thio flov in tho ty-ico?



dépcetion ¢ill noko tho rototrol incroase tho owtput ond honeo .
poatoro tho AoCo genorntor voltago to its nommal valuoe

'I&’ | AeCe vdleagc ’mmm% tho eurrent bccama :mrq in tho
gcactor eiredtt ond Feoults in £iov of aufcsénee currcat in the
ortput of Poctifiors of oars polardty oo resetor circudt.Pol Fity
nmr 40 POVOrso of that vhon {ho A.C, Toltago had deercased and
¢he rototrol control flold 43 creovplocd in tho lovert dircetion,
This docreages tho rotetrolfs outpul ond agnin Fostores tho A.C.
penerator voltage to normai. Tho hond control unit hao o bridgo
eireutt ond variablo ropiotonco caorpiscd from tho rototrol oute
puby sad fmeluvdos dry-Rypo pootliiior and reolistonce conmection
te ¢ho comtrol ficld. 1L solting of shcontat is filxoed, tho .,
clrcult 45 solferoguinting ¢o conlrol tho oul»ot voltape ond keop
4¢ conotant ot o predotorminod volude O chango 3o rhcontat ootte
ing 2itoro tho rototrol oulput vollaro ao donired, ond controls

tho torninal vollages

A& control s7itch 40 uwced $o chango fren hand control to
poqulator maﬁml, and thioc hao Cour pusitionsg physienl, zogulator
tcat, phy-ieal tda?; and ropulior. o chanpglag fron phyoienl o
zopulntor control, it 4o firot Cuwracd o tho ropulnter teot. Thom
tho nuteoatic control wit output 40 varicd by tho adivoting unit
ced choehied by voltuotor €811 48 cateheo tho woltago of phyniend
control ualit, lov it ic turncd %o tho mauﬁa%ng pocdtion and tho



rogulnior takeo control of tho AWCe Toliags.

- On tho’df‘.mz hm, wvhea chna@.ng fron pogulator to phyoiend
coatrol, tho ouitch 40 ndjuwotes to phyoieal tost pooitlen. Tho
output of phyoieal unit 4o chonged by o sheostat ond cheelod by
voltroter t411 £¢ matehoo that of osulomtic control wnit, fHouw it
10 turncd to tho phyoienl pecition. If the oxeitor vollapgo changes
fron tho gotting vhilo the physie-3 control i being uscdy then tho
bridgo eireult cnergloes tho rototrol control if&cm in ovch a
arceticoa as o return the cxoitor voltage to tho physienl sotéing
n% vhieh the cyotem 189 boing caintnined.
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DOCULATIND OYERTIS,

Uoaolly o geosntor vollogo ragullctor poetucon g grolior
corrcotion 4o tho £40d for o 0nald dovintlon in tho mosmcel ©od-
Ceno. o (Aecal oating typo of pesulolorn; Uhio coplificentien 40
pee(ily obtained o o cuefitor ool por®ly dn tho scololor, Ono
¢ cathop Drvo $us o oopo 8lcros of coplificrtics or uco o
cfno nozhdno vich high coplification, ouch 00 o rotetrod oued ton,
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cltormntor, €20 6of tho voyo in vhdeh 4€ c¢o B provicod 4o chowva
in Fige IVe(, 20 o olnephooo citoractor cippifcs o Uhyrotwen
rootificy ¢hroush o pectificy trunoformor, Tho €1dld voltnzo

of thcdibomator 4o kopt constmt by o mitage ronulatop. &
I&»vam battory 18 uocd o xsﬁwt e;:smsm of tho o3tomfter
£0010, Tho Chypatson roctifice twonoforoer g::rﬁm i%0 capply fron
tho 5o eoured 0o the supply t ™o ngin oneitor PoslLLioR,

An nlternativo oothod for providing czedotion to tho
simephaoo oltornator s shoun 40 Fig KF—&_*EMG ugos o heccs
phooe povmenchtenegnot A.C. goaarntor 0o pouor oWppl¥s Tho good
@mey porncacat nognots oro £3xcl on tho oY £acfS oo tho

N baCe gmmtw fo oorve as tho m%:?g end thoro Lo o
ordinury threv phaso oFaaluro mwm on thc otntoz. Oalpul ﬂi*
thin pernmeitetisgtiot 4sCe geroretor i roptificd by o Bwphaso
colenivn soetiffor of bridho Gypo, md fod futo tho L1013 of
tho cazwham Ataractor. o

1% 1o posoidlo to huvn o atomdord $heeowpharo oliche
nator in ploeo of cire-phoso wdé shova &n Fig. IV.7, Usuover
an Yot cano o reotificr temmoformos 4o wocld o conwvord tho
Irpftion Rootifior daput to slrephact.

Goch fmnitson tubo 20 of tho cnodo fAlving ¢ypo cad
o £y eiremls 8o dndicated in Fige IVeld, & thyrotson
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tuln b Ato 4ondtor ovo cmecﬁca in porollol \::;.i;u hn ﬁng
tren. 4% 10 conductvo vhca ¢podo Teltone 40 poditivo vith
rocycet $ 4to cothefo cnd 4%0 gmid 4o solcardlhAo eurpcat
£ioun throush tho igpitcr, thin dnltlalos o entindo opot o
fiwvoo tho Agnfilson,

For pay roooan 12 tho igpitren £olln fo eonluab,
the Giyratron (8800 o 6orEy tho loch eursenSy bat 40 4o b
€% off fron tho clreudt by. o mols wodkms Do eatyad
vollogo of tho cloctronle omedtor Lo vaﬁ;bﬁ by rogaloting
thy point on £tz coodo volloge umve, ob vhieh Sho dpnitron
fabo becsaco condnotidve. Leoking ob Fl{;.‘ I¥.30 vo olsomvo
- thot ¢hic point is found by woloomien tho contRol grid of tho
24ving thyrotron, thich 4o eontzolled by o olncsvovo grid
tecasformory o Pocton for £4m06 pacitive dlagy o shocton for
variodo nozeddve Moo for ooivdl emtvol, o 2 clcotvente
. romuilefor mplyﬁng vordoblo Ropativo oo for matonatie
= éaﬁtmﬂ.a Tho veltego Dy oocs rhosobcd Bhy 40 o pocltive
orid Mwﬁ vhilo tho %&mﬁa Ba owors %3 is o myotive
gV b&ms |

Tho sine-=wnvs *vanaga ):3 on tho i‘;ﬁ'm of tho 1
potzosr 40 Goloyed by €0°  fron tho raodo voltogo, cad 40
exanoatod 1n oopios vwith tho pasitive Moo onfl tho Bogativo
bco, Talo 20 cion dn Fige IV-1 InASLclly Bhy; om0 Bh,
070 tAfuctcd So pdva tho womércd voluz of posdtivo 24 neles
{ive TRocos. Gontesnl 63—" ccdtor voldono 4o mevscﬁi by cltowing
tho ootting of straotal Ihgs WM Gicages o RCIetivo Mos.
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ELE_-QTRQN.I,G, EXCITER sysmﬂs:.

- The biases El, Boy and Eg addeup to give the
total grid voltage shawn by Bg, and changing the negative
bias locates the point where the total grid voltage is more
positive than .t'he ‘cr.’}.ticai grid voltage BEgg of the firing
tube releasing it for conduction, Then the ignitron becomes
conductive by current in the igniter, and remains so for the
ramainder of the positive ha1f-cycle af the anode voltage.
Angle « a:t‘ Fig. IV-11 s called the angle of grid delay.
In the above use of a positive' and a negative grid blas wve
get a wide range of control of the angle X , and hence for
a large range of control of the exci tor output voltage, When
the voltage “is controlled by the ai;tomatic electronic regul-
ator, the negative grid bias By is substituted by a ’Varying
negative bias voltage £rom the regulator,

gpglicati_on ;aqd_-ﬁesponsq of an El‘ectx‘*onig Excl ter,

Main exciters and excitation systems should 'be able
to operate continuoualy for long periods and replacament of
parts that wear out should be possible without any shutdown
or unloading. This is required because A.C. generators have
shown capability of continuous ope:mtibn without any shutdowns
for long durati‘c’ms. Ign:_tﬁmn and thyratron tubes in veleetronic
exciters get deteriorated.and have to be replaced, but 1t is
essential that this should be possible without affecting the
excl tatlon of the A.C. gemerator. Electronic main exdtérg ;re
thersfore so designed that phay can supply full excitation even



vith o of o ciz Sgritron Subon cub of corvieo, Tmo 0 U&Qh
cll ofls duloo fn caw&cag 810 orpocity 40 eno o o hcslﬁ’ &&ncm tho
otk pocudeoscatios

fposn tho gvoriond @n@ﬁmm;r of igndlren tuboo 4o cach
thot for o cont Guzatien tao pootifior oon Supply £ull ol Cotion
vith caly o of ﬁtzo %uboa in corvigos thon Poplomdng cay fubag
tho taedo beacher, grounding oviteh, cpd fiving b0 medo trodior
aro 0pcacd So onodlo seploesacat of Sonitron o fhriny thysatoan
0f Ny OFo%D, ThiD L0 pocoibdlo without offeeting tho oposciien
. of tho reacining fo Culo LROUHO

. R evoredno tho 0££00%0 of Saultn on nolghbouding

18nac o Yoliogo Oropo dwy S0 othor cmunos (A€ solfeondted froa
tho tomincl of the nodn O&. gcaosabor) 8¢ 40 Hocoasopy So Anaroe
noo the genapotor onddcdicn. G0 nothed & cespoacsto for thip
160 vedsaco 40 Co Gcofgn Gho Rootifiop o prefuco corncl clldna
voltoso viaca fnput vollcgo o 76 porecnt of momol, Tiup for nowack
loal, tho veltage hoo So B0 pofuded DY eentmolidng tho fipiny.
point, For Wis vo nock o Bloncy roatdfior mad Woroforo doloyod
i?ii:’w durdag potonl oporaticn.

In tho aaco of mpwavcawa&%a%m ¢ Progifios mvore
Capply 48 nelo vory yollollo, for vhich tho taob g0 tho ohefte
drivea throowphoos of tdnephone allamatos. Oenolinos o cupply
uced for povor bowoo cardMorioo 40 vocd oo oScudby for tho
poatiion, S
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o dmatoen poetifdor 1o oo Co dneroes? or doesrocon
400 voltono outhut vAlh praetically ne too dsicy, NcCorping Co
Fige IVeid 00 Ana Op shovs the aolenl woltoso poconove, ond
pu ho eciling veltoss. Lino 07 hoo Wan 60 foctn (il aveo
00 @ apon Oped enfcr Sho rooponco eueve Qupdng oo intowd of
0,0 pooend.

Dy dofindlion, tho paio of rocpency 4o O dieno of
4no oPe Tuo cneltor voltago huo not pocehod the codlfng velwo
ab ¢ nd of 0,8 oocend 2oScrvel. o Op 40 aacmind (o bo
3,0 por uulily Op Lo noarly 8.0 por vilf, @l robo of Posponoo
et %% o 4,0 per nd ¢ par codcads Ho tho gotual Gino Lep
inepenco of wlteso S @ S0 p 4o looo Ghoa 0.2 poeandy oo
Uiy aotuol Poto of vollono Anaroaco R0 mwro Shen 29,0 poy i 0



N ccmercdod oynciwonsus nochidnon, Sho £ wove hoo

o funleaeatol cnd ol 006 homosfeo vhdch oro emncd by olotiing
of plotor cad motor, ooturation of tho volor tooth md fo ocddonte
polo nocadnos oleo by (ho rhapo of polo bocde Dindlardy tho wavo
ohepo of peaopaticd T0l0e30 hoo hempanies of d4980rca0 coouato,

dopc=ling vpon tho Chosding cnd Sloteitution of thw oholor winds
| ing 2n polotion o tho Dostenfe wvavog, Thoss horrands veltageo 80
odngdo phaco cen Bo ocdo ¢ do voxlte A0 prostilonily ol altormnts
g 2050y 80 Spcacdttod oo (hwoo phano povony tho SIREG Droresto |
cad 3o 644 mlidplon apo dn phinoo vi b ooell othor & a¥Y phatiocy
end hengo ) pat cotieo ooy third hamonio awront 0o Rlov DCuvoon
phnanoo fa Sho onterand weolile ®a0p o fourstdrod ayotons 4o
poeonoery fez hommande wilcgoo (o do wcoful worl,

Pou 48 comd of tho tided cnd ol cudifplo Drocordes o
tho Siux oo B0 geowortod Go woolul powce da o c0dilicndl otolow
vieding, wo got Chis povor vithout goppoclobla obeono dn eho
ond@ Gatden of noin goopotop £iold, Fhio vindin om be provided
in o notatag tweo obobyr L0 oo ottod thot 4% oon coesceslolo

o coporato tionecd ofinler uvinding, hoving orabes of peloo ool
Lo osdoy of hevoonle rnllplicd W ombor of Polce palan, 20

12312 0deo ecnecd dld Suadciontol ¢otipencnlo d hoeoonic voklones,
osaopt Shors of 40 bovconto oo 200 020 tmilipkos,

Tor uiiiindng tho bBoppndo pow? o oalfecnelto Gho
poneratoRy tho Lolleving dooicn ¢d porferncied eacldoraticao
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aro roquitad ¢y havo poliocllo coatrolte

1) Cubotitulion of mloting caplifiors cnd driving
ratoro roqudping Canlliiosy povaba

38) Control wnlt chould Do ouch Aot Witeso yoouloling
omdpaons of ototle Sypo nlvocdy Sound cowid be
sooll for rulonntic volltono sopulatishe |

424) Gueh rogulating oquipncat chovdd provido rcjuldtion
of Gorminol vollego, Llisc-Orop conponoolioen, cd
Boefusod onedtotion for undorecnedtiod conditicn,

4v)  Avpragoncate for chongling over £ron opo couseo Yo
toothor vitiout detarbing copvieo foF 6a000 Waoro
o mmber of oncitation courcos oro oVALblo.

v} ‘Tho doolpn chowld provido copugh oncitation dusing
Zoudd conditionn Vo produco o sustainod kigh
arobERo ernt,

i) Gona oFRaagcucat fop nonudl contzol of o ozd tation
tadch oon o ugold 4€ tho cafonntic veltoso scowlator
£0d10.

8} IL chould Do poscidlo do chengzo Sho Jscatien of tho
control unil, md tho sito obould not Do porconolily
v484 ) Tor cacanen of peomatow locdl, thoe omufipacat chsuld
hevo Lo botce rooponsd spoct comporcd o ratating
opdtiors cad vollcdo pogwdotcnn,
iz ) I chould hovo o fAcriMng efzenit fn o govrotes
£4016 for :A%8oting cmediotlion.
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Figs Told chyvn o catmntic coaliol ayoltcs for Quifiile
oAl Cocftirm concidorcifonn coationad obsvo, @ G contool
bomranfe pouore £6 cauclolo of o 0BA8c woitase m&sﬂg ol

necclio pre=Cpiifion of pateprdl CYpoy AANINRINT
copldfics hoving odidemn scotifiorn, o oocmafick woﬁoawm
COTACO00

A0 ocaipnot &0 Dyuccd Ao v oshdclon, €m0 of Cheo
hao ¢ho ototde velleno pogudcler coomonenSo of poo(ia Pt
Cplaficz, g 40 (o cocxnd eabdaloe oRo exmled (20 cobenlio
zocatsro ol povor tootiflovs. $ho coconfl anbildio 40 macnt £oo
oporrtion by poooth exnlionle Shoy ecn Bo Ixpt of oy conveadan$
rAte dn o pouco bavcog tul foreolecdy cooiling obowdd 4o provifde
¢C for povey sootifioro ool ontarnilo FoneloPs,

I8 4p poociblo %o leaato o @tnllan 0oi0 ot o
€0 of thy gEPLioT, thcto foresteeaniing W o £03 on &b
pencrote? £a028 A0 cowwomlent 67 4% e bavo camvootien cooRing.
I 0o omefntlen cabiclo 4n c234%iea %o Gho povor oeopotic

e MG -cﬁmcn%o fuco o coeh roeldfior breneh of o thrcos
phoca BrAdgo, nenelnoar moofolones to redned Lappes, ol o
Slookdng cApadt for geaoeater £4cide oo boeach of o 2
phcocesoodifion 40 nornted oo o decont S0lloy for coon 4n
peAnteacien vashont ffealing o gomector 1ocl, Dottennt
Ooellayo hewo Sacon, chraxlo, Gootng jocio o digeal R4ghCo
$o ncho akoddng of pootificr tionlo o0 0af0e
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MABATRrITTIZS FOR BARICIIC FOURD GO

W sopodty of roetificsn 40 oo Coddracd (ot Gy
$olo guil locd vhen eno B 4n cesh of tho Gired phonoo 4o
rst dn ocovics. 3¢ o pootifior 2edldo, tho fuco vALL cRicdnnto
tko Loudoy 1At £5on tho oyoton, Then tho drcveout tvelloy
o bo tulxa out cad Sho rootdfior oprrcd, ut tho wndt hocpo
eporchinn on Fuld docd, c2d thoro 10 noltioe cay donger o |
ey 8o aor o3y Ghoterlones on tho povor oysfan, ut of U0
carreito indnced £ron tho GCICPotoR PACLE Suring ot confie
(eno, tho pordidvo Cirrents ovo eorvict by o Pectifiors
ccdivogy end Sk nogotdve curpeato oo ebooricd By 0 ool
1incar posdotoies cannoetcd neroos tho £1016 vinding,

In oxdor to provido heod conizol of tho gencrotor
i XAHGE inmis of the voltano roomiolor of ooy colomok
powop coaregy thoro 20 $in neoEnl conbEol LALS.Ath (Mo tho
geroraten voltcno ecn o cijunted W odiucting o cadd sheoolod
cn tho control Board. Drech sotting will bold tho vellogo eonce
Sons for o particulor locd cof povor £0oter. o heod coatrol
cirenis 40 cxomgioed feon tho hoswonde volftono, o 4 eanofend
courco of DLo povor &0 tood to control tho psvor coplifice
oudpat by Cho poetifiors r2d ooturoWlng Wonofonacra, A noplonm
¢zl Catfon L4ndis aircudt 40 rlco conbined with tho olovo ity
2 Ring¢ tho ol tation during £onlt conditions €o o oOcko vaino
in tho cooe of o £oult ot tho nodhing SoPnindls.

Toolo ol calycdin oo poesonery Co £i0d tho ehreoataps
fotien of herronic volloo ord pouor undor bolh otoclseotoln
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ATRANGS SRS PO BADCUEE POITL €1 Ts
NIRRT I AR A e LR T L o S

o Seoaodant contitions. o Kdpno in seontieg o peed oyoton
for horenic pouer centsdl. Boomito oo £iom 48 [Hige Vel 20
Pig. Vady oo ddco tho goaorator cxellobicn PopAreto 4n
Pig, Te®, Covoftl comatiny of thoce £8gurop will Cistie

o} Tor paror 8caawo of 0,08 o 0,28 o Fip. V=2 Cran
orpordneated pocalio ohoucd that they bomrsnie veltezo
fmopcccos i r olnter locd ot mugady tho oo patn
eo (ho oodno caal Soblen sCivdrenats |

D) Dor nfleainting chort-cirmil conddticns, (ho horoonie
codlsza ond porc? ond coound €0 preofues o cactoined
icgo cepaturo ewreat noclsd for propss fenclion of
tho protociive eolaVo.

RORCoRAng (o Pige Vel o £mlt ncos o hasomndo
voltaro to fieo cnf dnercano S porosater cocltalfcn, Mo
13 dnczencsy (o L0l cwpet ol Cha bhoscenlo ©RCcac. By
Mniting tho ol Sobfen woéor Sfcalt confitiens, cao e 1Enfit
8o pemieesy hosoonfe vellonte & ool 2 volSono vorving
coserding Co Ol Dormaefic ToRGogo 40 bolomecd coaingt o onow

CRedo poforCacs. X8 tho homwerdg vellond »picco (o o pros-Cotone
- mined voluo cbovo nernek, ho ooner dlolo conduets ol perfto
cafgictcat curreat ¢ £lov tisvush 0 eontrel wimllingo of tho
patoR coplificn An o diroetion (o mém ko povcr comiiflice
etlpat cd 15ds ko noohine cxcltation, T the veléogo
rorelator 0 eperching ol eoopcacaling d RM-4Mns recedtn
ooo Chosemreted, tho veltoso 4o rodntoined vithin ¢ ¥/0

pc? et for odld loddo o pouce foctorcs
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AFRACGISICIRS POR HARIOTIC POYER GOTITRDL.

Looking of Fig. V=2, dua Yo tho rining noluro of tho
herrendc voltono with lacd poralloling tho excdtotion roqudre.
pcato, tanl) action 4s poquircd by tho wogulator o nointoin
conotont voltago. Povovor, tho volbono rpesulctor 4o nocdod o
gefluco sospongo Sinc wndor caddea cheagoo of locd, oud to tein
the aotion of the Fioing hermonie voltago cusve. Ao tho rombacl
hosoondc VolSeso nagnitudo 48 noerly 2050, o £3aching ciscult
gor tho genorator £i0ld is roguircd % otort ozcitation of tho
gonorator. This cireeit golo i%s powor fin & 125<v0l¢ otation
Dafory, oo that oneitotion povop for otorting 40 avdllablo 4D
n caorgeney vhen 4.C. povor 4s kot aveilablo. Uhon thoe gtart
ovideh Lo oporatod, tho £10ld blos circult glvoo aeltation
pOUCT as long as thy ponorator opcn~clrenil voliogo rices ¢
rotct valuo. At thio (imo oo cmtenatic tronofer Uo colfaoxcltod
caadition toltos plocos 811 this tolroo aboud 19 poconds, £a tha
gurront drawm fron the ototion batLcry 46 ncgilipiblo,
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LPOrENTS 2037 NESULTE,

In opdor Uo find out tho offoct of dloturboneon on
the oyotcn, twoo tosto uoro camduetod e o 26,080 VA 13,000
Voit otocy tuebimnencucotery 28 €ho poculls oro ciown 4o
F200s Tady Valy 24 Yl

PMig.Ted choup tho sosponso vika o ciop dicngo of
por ¢ont 3o oodo dm Sho A.C. Pommlaton, vhea Cho gonopotor
40 of m» lect, Horo (o twlicgo wos forecd fo Hho veles fn Lo
then €08 roomd ond potticd vithin 172 poreont of tho finnd
sogrdoted vAluo 4n poerly 0,06 coconds Fig. Vel thovs thio offoed
of pofoation of n ronetive locd of noorly ¢80 VA on tho
7ot porfernoncd. Oocdllsgmen indiantoo o Pocovery G of
/2 por oot of tho mprnal genorntor volfase 48 loop thom 0.9

gocands

o ofCogs of ¢ S-phoro £omit on gonorainy Scoddnolino
on tho oyoics Lo chowm ia Fip. Ve, Thio £cull oedloly paplicd
inducao o high £2010 Sroacion® thich uckos tho bharnanta veliono
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ADDITIONAL CONSIDERATIONS.

of the generator, rather than the agverage of line to line voltag
in the case of unbalanced loads, 1f one regulates the most loade
shase 1t will result in overvoltage on the other phases, so it
would seem reasonable toc take the averagge of the three line to 1
volt ages. In this case accuracy of g particular phgse to narrow
imits would become difficult to obtaln,

v) Paralleline senerators.

Such circuits are needed to get satisfgectory distributio:
f reactive KVA among parglleled generators. Paralleling circuii
ense reactive current and give a signal to the regulator to lowe
he voltage if over exclted reactive KVa inereagses, and to raise
t 1f overexcited reagctive KVA decreases.

Each generator usually

as its own compensator. When specifying steady-state accuracy,

s mentioned with paralleling means disconnected.
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DIFFERENT TYPES OF EXCITATION AND

REGULATI NG SYSTEMS FOR SMAIL
GENERATORS.

There are three types of exciters usually used

(1) The static type supplying excitation direct to the
A.C, generator field through magnetic amplifiers. The voltage
regul gtor gives power to the static power gmplifier.

(11) D.C. Rotating commutator exciter. This supplies
excitation to the A.C. genergtor field agnd is driven by the
same prime mover as the A.C, generator. The voltage regul g-
tor controls excitstion to the D,C, exciter, which is usually
self-excited, |

(111) A.C. rotating brushless exciter, This supplies
- excitation to the A.C. generator field through silicon diodes
from the A.C. exclter armature. As the dlodes and exciter
armgture rotate with the generator field, no brushes are re=-
quired, The voltage regulator supplies excitation to the
separately excited A.C. exciter stationary field winding.

Fig, VI-1 shows a regulator of mechanicsl type. Voltage
from A.C. generator is fed to an electro mechanical sensing
element. As the A.C, voltage rises, by comparison of magnetic
pull to0 a spring, a change in position of a mechanical linkage
1s achieved, This effect is transmitted to the voltage regul a-
tor rehostat element in series with a self-excited exciter
field. Due to change in resistance value, the field current
of self excited exciter changes, thus a change in A.C. machine
excitation, returning the A.C. generator voltage to normal.

The most modern devices use electrical-sensing and amplie-

fication. The use of electronic circuits is being superceded.
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. ' DIFFERENT TYPES OF EXCITATION
AND_REGULATING SYSTEM FOR SMALL
GENERATORS.

by magnetic and semi-conductor circuits, which have no filament
type tubes and need negligible maintenance., The following are
four types of static regulators and static exciter regulators
normally used:-

1. Magnetic Amplifier Type: Fig., VI-2 shows a diagram
of this type which is frequently used as a static regulator to con-
trol an exciter field, or as a static exciter regulator to directly
control the field of an A.C. generator. It has an output from 10
to 10,000 watts. In the figure, the excitation system consists of
a brushless exclter whose fleld is excited by a magnetic amplifier
regulgtor. This has a comparison circuit, producing an output signg
varying gccording to the difference between rectified generstor vol-
tage and g reference voltage, g pre-amplifier, and a power magnetic
amplifier to supply the exclter field.

R-C networks or stabllizing transformers are used to achie
stabllization. These fields back power amplifier output voltage to
the pre-amplifier, The reference elements are cold-cathode gas tubes
or zener tubes., The gmplifier 1s g combingtion of semicondiactor
diodes and a saturable reactor. Power to the magnetic amplifier is
gsupplied by the main A.C, generator. For a static exciter regulator
of this type, the power amplifier directly supplies the generator
field,

2. Iransistor Type: Fig. VI-3 shows a semiconductor T.R.M.
type regulator for uge with rotating exciters to provide better per-
formance than mechanical type for large machines. A power transister
is used (instead of rheostat in the mechanical resgulator) and it -can

be switched on and off gt a rapid rate. By controlling the on-off

- -

rntih ANea Anan Anndknal +ha _evam Lo 2
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DIFFERENT TYPBS OF EXCITATION
AND REGUL ATING SYSTEM FOR
SMALL GENERATORS.

O

exciters and hence also the average field current. The T.R.M,
regul ator can be used only with a direct voltage. When used
on a brushless generator or as a static exciter, the direct
voltsge for the transistor is taken from a separate source or
rectified output voltage of the alternator,

3. Saturgzble Current P,T, tvpe: This type of voltage
regulator is depicted in Fig. VI-4, The major element is a
saturable transformer whose A,C. output is rectified to supply
power to the generator field, The exciter field could also have
been supplied power from the rectified D,C. output.

The saturable transformer has a potential winding to give
excitation for no load condition of the generator and g current
winding for the additional excitation required when the generator
is logded. The design of linear reactor and the current winding
is such that the system adjusts itself for changing excitation
requirements as the machine is logded, The volfage regulation
portion of the circuit controls saturation of the SCPT, and change
excitation to correct inagccuracies in current compensation due to
saturation and heating of generator. Regulator has a comparison
circuit, reference, pre-amplifier, power amplifier, and stabilizing
circuit, :

- 4, Sllicon-controlled Rectifier Types Fig.VI-5 shows a
half-wave silicon controlled rectifier. A brushless exciter excite
the A.C. generastor field, It has a stationgry fleld getting power

from the regulator. The controlled rectifier becomes condueting
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DIFFERENT TYPES OF EBXCITATION

AND REGULATING SYSTEM FOR

SMAIT GENERATORS.
after g firing pulse is applied, The SCR remains conducting
thereafter until the applied alterngting voltage becomes zero.
By controlling the phase of the firing pulse applied to the
SCR, the average Yoltage applied to the exciter fleld and hence
the average field current can be controlled, When the SCR 1s
not conducting for a portion of the cycle, the field current
flows through the diode,

Magnetic or semi-conductor components are contained in
the firing circulit, which converts the comparison circuit and
pre-gnplifier signgl to g phase-shift signal. Silocon cbntrolled
rectifiers (SCR) depending upon power required, may be full wave
or three phase. It is expected that the S,C.R. regulator or
exciter will become the most popular, due to small size, effi-

ciency, fast response and ability to handle large power,



CONCLUSION
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Ao 2o hovronfc oncdtotion oyoton s bolng dovclepcd,

inproveacnte coposted oo the sopleccuant of tho Jamsmlo
poanotie oplifion with controllcd roetifior, tad oniaogion of

tho Be3aotic pro=ooplifics, Tho Pooult vould B o oystes hoving
only @uo Sino conotontoy ono with genorator £icldy end the
othor vith tho cisll devico % contrel tho £iring oaplo of tho
controlled roctifioyn. Thooe tun tinceconstents vill difgfor by
poverck opdozrs of oromdtvlo, oo vory cmoll otabdlizing cipnal
411 bo noodad. Tms, the bost 4n sogesd to dynode porformaneo
c¢en bo ceddovod {n oa onchtation oyoton.

Tho vnriotion of hamondice voliarze with lood cad noe of
a 00ecydio povor oplifior glves on ozcelicnt teoncicnt porfors
NCRC0. Tho pdvanteso of Lottoy palicbility end looo npintononco
caell e confitood Y furthor omporienes with olatic commponcato
inolvog ciliesn rootifiarn, 4 comploto onalyddo of bwronic
voltcso caywos on clicat-polo cynchronous genorators, confdcnsers
end cotors chould b0 nedo B::i’nxid horcionice oncdtation ¢on Do ucods.
Plenby of £i018 Sooting cnd cnclysio 4o to be dono to £ind thoco
cheroctorintios.
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