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INTRODUCTION 



.. 'Er1to1' o7tcx co W30 of can o " t;It 	bu3' arc 
maelCca b7IM cGJOLkdca D.C. cj or toro and a bit e to 
pr tto for CtCaib opcft7 for short4urtoio. Uth thos r 
o on of t orco c to oytoiop th orate ntCbUty thto vital 
Ptn O 	 ' CatioC C *Oi13CLOfl Ø10 G 	O "fir tho 

attar b dotU 	corxit a ton rocoon1o4 c ioont 
to acct Of 	cap AC a mo o en &oozc oott c o in c o 

the cZao of ha ctn 	rtore wd the inatC1tttonC to it4cb 
Ittir q r 

One otho 'SIC to UCO th c't V1Ad1 ~ nit 9 ? "Vote 
on do 2t nor 	 o+ 10 ortiono of tho nottonttocarve. 

tee2 U7 for j O oad *,c toe Tao to UCO tuLdz32 ctorw► 

Etc itor Coto fob` o ch t ch ho. Vary A OX O2'C tYUh htL 
cpoodO of 	poco tmd oro ncoto voitijorouIctoto t'o 
a&cd o the 	► o 

11,0 soon it t ?Olt mat . of •comoct oa of tho onddtor 
to tho a o r cWt oo 	t!.fl7 di u. tioC of oo rntiol r 
dawn orcito tn4 thin boaino ppuln o 'o trndb7a p o 
o ioLto' to t t ond Co 	troubio tho c nccovee c done 

f00.6nc? o fro nttryo ttnd n t yo of I prothi tto 
poovcnao o`oit t .oi a ouzo 1 dirtorct ;,°V ; of !.C, 



ooQto OO C C G of , ' } 1►tx 	to'czth  
crtct c0ctWzC7l c A l t D 4cLtr o1icbXitt on4 on 

2cai rzto of  zoopQtioo 

' ,o .comoo off`' of cu ca got tho pzLuop 	c 
tciUio o dmoco tho.iu oLto t m' bo a s C lachtho  
of l crarottiw.o to 	ta ve tYPOa 	hO tGt 

en t ry ro hco tho D o ConcztOro or ho flotz ti 	i s 
+o! . 	o Tho 	► uc of tbono 	1ntft typo 
o thQ icCtOL4C 

&fl Z t f 	Its hO can bo oovorQ1 v or 
og cxipUtiet&on. io otOtZi43 bwo boon iwc4 titb ono Darn 
of  oIoAt1Qn g"ov 000a1 	but ta oiio oo t pUocttu  
aono tho otro1 ono t1a. van goM too tmi1. for 
O to as 

d V01Q =t ftho G.ot:otroL WOO on1r ono 
tohinoo  + tho c q dot con ruc 1.o to 	poo zotitno. I 
in a Ooovcn for Cc 	tox ocopt foz the tiold ** la and# 
tiZo oonncotionod Tho øt& no any aco be co 	ocd as tinoo 

Moaooupo oOc 1 on one estop t w► the output of  
only t mv be 	kxco on onob &eino ohotrc htacn4 

'Atg n ooVonbo f it poi44ea a t norottn o1e t v 
oto o ooc r 	it o troy low Cont l flCf3s 



o two 0 tC tkobicoa for COIOULn tho 000l ticn 
undo c2ccc u^o tho tio # i' tw * or oil ouch anczito, 
ThCY ctvo C t Ot T DOOVtCO 	arc U.004 ifl o. tnUOt4O  

jbc'o ceozLo r 	fco aro cp2074.'  
to ncoccr to ccr c ro tbo Output, add Copo it tith pc4otc 

ccd R S ' w r 2o crctc choulG pDovtdo n eo: oz action to  
`cct tho output ' Uc ,t 	 cam'o ocd .oioo c ricc . ' 

action tiro tho co of outpt. to obttnodo `hoot 	t s co 

cd into a rn OtZ'GI c otO bt a4ttionoi ttrt4nzi cn 

tho of ucnotoa ftto oazrtoon botoo.n tho output and 

uood goz CCb tnoLltconco and thoy o o ooild pilotand 
MUD * 

to coo av 	,o-o oornoiuy, thcn only alto tio4 
cal1c VZO contzpal 91016 to 	a%• s Hco tybcn .boo output dooc 
not 	tho otandod, a not ci.tattoA t411 Coto  and tbto 
to t cc to  tatito tto ouLro4 coz'octton Main t,bn the 
Qlat uO to cEcct the to no no zcUaiiou roouit2c frcQ 
the cmtol ctci and Do no aoto to n a cd, 

eo obnarm thac tho pilot and otau&4 iatôUtconoco 
ctO to) r oc no of cauotno the i of of to chance ito output► 
At the co c t out ut the o iotl 	iatoo each otbc =+ 
tbo not c : 	output trould bo ooP, no Coco o c . r to 
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v ,ub 	tat ata tio opt , SLdO ti +t ono by 0 o2 cctc*. 
or o1 1to or ooz oo t ?o, *I* a coab tto O ` ohutt c;knl 

Go c, 'yp 0 ti'4cb IC ao Gcotatc1 thct it 1c a •onf cL 	c 

tho 	&ou a $0 a oz&Cht Uuo in hcneo tho opoxtton  
oil 'boo 	.eb.lnco to Uctc?d to tho City np po'tiau off` tho 

OttWftttCfl CVO. 

to tho Cent1o1 cnc:. Ill ftC1 a (3Z  ottho*vat 
otn my o zci1. c m1y 	t Z C 	&o of this 
typo' 

 
W30 	 ,vta o +o iho`to4 coUc and ttpoctat  

e 't1 Q' ''CtO tU tbO DOa CUd * 	o 	C? o`tbiO 

odt40fi 	,t to i io r oc * Co a fhOto7 cad 
.o to 1300 OICOtO1iC QC30 to r: 4t r ho co. 	l C 

T4o QV' roi LnDUt f 0 tho 	[tVQL =6 to bOVO 1 adaU C 
i4 	bttn 

d tbci 	%I to to u o do Vtotr4 unite in+ aiaol 
and a t 	£x th 09 ' -.maw OCU10tit2C pObCZiIit1VtflC u 

mcottz cc 	to 	oo 	0a Io otaco Coo'iG ob  
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Ako 

cn <.mo$,'Ocr IDtOt*!4 uhich 20 bo Vord to 02000 a GO 000 MI  

ia coo exit acoo =1 turbo  

a 

	

	 t.th thoovoz' coz041 it 1150 CV0344M c&o 

bwb routc=t mia tosvication  

the biaeh h*UOV to of 40016 typo 004  

bo Voplaood by wing staAder4 vbUO04 b,uhoø, So ttiio op3cc 
inc brL1ctoo thG maoUlno on romIn in Oporation and o toolo arc 

DUO to t)o bti epecd iuvøtveG 131WIWt VJAPA, uoed iu4 

the tbrIgho. *i 	tcOx 	tho t tinbouc flbUJ 

-0, uo 	 09 thor p 	bo tor to o L2Z2 

wool *4th modtricd brucb toldor 49000 ccnrtctono P.06 4Attiot!c1 

wino 	 to obtiti tto a0pUtioation  

Otosor in one unit* A ImIsatod 	frro to U004 to tniico 

of yotorøato and oW ausrento trnd for n factor opoo 
ficid ard ChW" 910A 

vir-Unigo am lnoastW Orourhout the full JDJth to avoid 

in an OtiD7 VO&Ulntar 	On crUtw to 

largo 00mccuou in nold OurrCat toz a tx1i ebno 
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nii 	 go Zfl tho dcct ocUnr` o the  
obtci1aod both in the ''oCultt o* .nd the ocito. CGV.inof 

rot: ► ive 	t.CL typo 'o u1toz tho 	l ca Acn IV provldcd  
tU 	I o otter acct co o my hAVO to rbO cigon  

of oi ipI ,oa on or taro tt eingio bChtno bvir him piU . ..ta. 
on ouch o rotoro1 O"# of 

r 	~R t r x ~P. r . r j 84 	► 	a 	 j, 	r s 	a 	F 	#n#. 	M+"d 

rye 	r s 

 o A.0o ncritG 	OtIf3 on the t ar 

of tø cctuition cuo and ce1oto3eto b'" o h 

`1ijo Oti flow* It utfl support: W' # olf of 	tCCO f1rorm 

* tho point of ixturotton. Z ' bo ono or cro control 
MUDwhich icrobeø or 4G t o It v itoCQ to = S tv ord  
hoop.. po 	nS ' b1r ct cayd roll point. is crctoc to 
uco8 vboro a o i" o " UUt2 tube c + 	usi 4 and tbcro chouZd  

be to ci4n,' xo 0th3, than thy, Oitit nchtpo.Th s 
z Chtoo tøuic be 	a Capp 	oc lard ac o 	ID C* 
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1aco c cvc cwc ttcd bay A e co 2x 	b, oo 

oh=otc 	ca,* 	3ixc t cu Mc that 4ccct cnCG 	' So 

tho + 3 t i e lei tic "oUct o Utth £ZZ VOitaO* ttz 	dncct 

	

 c ct oquQ1 - proportional ctac 	or tbic 

1 • , 	^ cW tho othor i 	 Ac the trotao mr cs f 
*to 02 tho 	occ 1aD to c•De 	tho 	Ica 

u Uaco bUa bo2oj zwtl Vc1 a co tho cito I oQaCo Cvn to loco 
pmt than tc cttoi and the diforcnco c 	0 mvovocd 
ohotiin troitac bo2m oiwlo The itumatc o e rctifiod ofoc 

cri *i.. i the GtCti+ , '3J0 Of '► 1 ° O ccac L t Ono of the 
40Ii, $houcoo at o coouebio cto to0 

11cbcuita Lna: Mote1c for mp .matIC O 

s 

cotoo path apt cat 	cOtO pztho 	onto 

path t= 	i1cd andant rod into the cebtzoi fieo of the 
ototaoIo 1ioo W0 LuCIOf rooI ELiot oLtc on otn 

CzcLtcD im ca A* `o 	.Z ro '%'bo oo 	. toi10 of the 	toi 
t~•o con cotcd to bo atflct o•i7 ott and ojoeLto> t cn tho tCo 
c 	c ioitnCo tc n Xe 	l this CoIoMV the totoL 

•ottpt oitejo Ic uIntIuod at the 7?O uiic2vain 	to OCUC  

caLc otiu and COLOO fO3PdOO 	:i if tlo vocco aco ov 
&iZco the control. is us jurn fo ?otoO flm ,;u a to 
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to 

oto mI v1to. I1ar ottob o 	tI cLcuttc g, thorn c ro 
Dc3U0 Q9 PuOt O . C.cr& i tho point of ia' crocctton of no 

it co to post 	otctt of the v luo u'bo tto to cot 
to c: tntn n0 

Ttto CCDO oz'øuLt øL z tued by oz4ttin t10 pUot o 
oitc . bo tot 	c t b 	tvo17 bth m iLc{tton 
Duch thf : the output at tsC coctor f2oia M. r be controlled 
b a niaU uinit at crij Ii the control »ol10 .cu +'bon Ui 

Cthr circuits arc aloe otwib1 	ho E1, 	a s at 
the ccrcrotor tcztizlc »o blanccd QCtiDt a rofcr a voltuso 
and the ditcronco i o vhcncvor thoro to. ate alt `rtXon 
the cneD to oltgo t'oL the ►z'cl to ted to 'ototroi tolde. 
ho r "cren otcge óan be obtained frog a o p r o p.C, or  
A-40 cou tc , but twuA117 a OoEWtaUt ptcnttal. dovtcc 0 + 4t 
nor tac by voltrc of cncritor tit h ,htch the rouLtor La 

nt uocd ie potential d+4 o is ooLned to provide  
tit aZcrfltiiic VQU a O at &tO output#  L opcct1ro Of lurks 
chQnt oe in tho iuut voltgee 

Zx one of the circuit oar .n cntc the tto control lolde 
of rototiol ozot o urn cOncOtoG Co hQvo OUl an OPPOOttO 

CfOtLQ effect tuba the ;,*+ o cnorator volto S0 at he ro uI ► 
cd nark value ac thou In 	 .1(a). ". mot if load to a ldod to 



iI. 

tho 	o p it *tU cuoo 	op of  tczc4n1 ta po utev 
ouch oio xccc tho roc f`l 4 coraflrtoo c lacroacorn tho 

	

vtOt of ctQO 	tac t 	oot0 t c tho Zont&nri x .toto 
to ao 1. 	nco tho 0001 3 tt. o14o o. th rc 	a otn o 

O'. 	tCQ* 

P thoo ciouit h 0 oLLc .o c t 	.03, ,uhiob uoflr  
bac DO owLCD .tXo 	: t (n1C)3 I (rocw toglg c b)) c Thuo a 
. o i + D t1&o f *+ G onocto" 	t ;o 	iDo ct thO DOZEi1 Oo 

thou so DO i000 hoots In thic tIG11* :bt JoDoci 
c tfli of cato s1 In the fV Y O thetot 	1oixco and 
o eo or ttndflr 	OO 	 ooito  
gioid + 	uco t .chhvo to. c cu 	cv 	4t 	+ It:a ► 

o tic vc a otozv t" 4 b afl t acme o s m ma .. cc t to to  
cbio to ' 	a+ out Oto 	 fttto io I+ tho cotto ioiG 

4uir 	0 
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3 tc.z'" cnc g output lot 0? eg ioD " o € o ovi3ton f r' c troll** 
Ing ccn€ c ozu havi G 3 000 ItW or cao 	Ctt7 tt J.800 IIPU* whom 

ic4tc ctir ca o arc, to bo Jcpt a rmU  an for oucntionat 
ncz 1;Ore 

:o çuio cvcrara tfluoo thao or 	 ivo cccuouco i, 

tø copowx # co to iie 6boulG bo rngughto V3 tho lard 
o aouzLnc e&rctztt ciG thin iccrowou our owr(" M r 

ntn. In t 4c nctboa, tho i 	tivo ocunc* Vo3ico Lu G0+ 

od trOD tho lilac v3.tnto .to8 of Cueing tho poit.tvQ coq nc 
i tgo (i?cCt34 

PICOS cbo3 the am 	 bwtj tzo bb oa. a 
r is 	cc tho xuxr bob turn svcoatoz fortho 
on'iinø bah. The volto io oo the atu t goccto 
czzno *Jg rly coast.-int 	 in 	cgo toot Y.ar 

tho .. ,c bironch. This in sp3nLn4 ttfl Ln Oaptor IV. 

ord to find the not o fi44onn 6 c cn for thin typo 
onot zIi it to 	'o to vo 	a rnntho of eiu3.ntLnj 
tho . mp output gØQ  tthQ 1Ot7.OG Q £UAOttOfl of tho r 
notoa; o2ctnco, mcteo and control field 'ooiot3fleo. 

stn iop oa rocu3.citnc c ►  it for otntie C " O 'O 



to 	cca 	"' " 	`,r* lc o$ fl 	of 
u r, o' &o tage oø. ' hocctoo ZDz 	c Q ccatc3. crnO iD'O  
MOICZ wt~ 

 

A t1cCQnt t fipo of 	 QUIatnn. Lu 

tzy o uo of 13icotcntc It o Thc30 arc r cock tImD  
i totto10cats t ci co bzwo a U` t 4 ucw for A.C.l' Sob 

cM nc but Choy a fl core .oUcb10* 

roocthU, tbo t ••fit of 1c:tro t22iwo 

fc2 fc Ca A*C9 ID 'iiawcQ 2ic t ntnaC k of it2on of ovLag 

p tz,P zccø4 c ii ccas ootnco of fEiiiwo of ezctttto z  

1a tau tea: to cc 	to ' In ccittn AC0 ons nt 	r 
vtoI of ttGWtir Of tho co tc iC3tCCo D7 ovid tto 
tp- 	tic 	v i o G oc1oci czcity; r cadi ' 	v is 
ca rcpkco dotba vo to ca tthout cfccttnC o o 	U o i of 
tho A.fia- F grata .- r►h  ctiioare elves n tho tcx!t,& 

gcnci'3to ' VO 	 Pou ` Is coZ1cotcl bya coparafirfl 
castor 

 
iiu1ug au £ccoitoUcZ cad ut f c bracnotie 

C-cr.1992c x"' and Ueoa ccttfcuc icztc Chou voxij rapid Z'Cj nOO 

o € CStU2b :cO 09 thu c 3tc 

o utcrn, turfto Ccnc. s. D the x bvo tcr cro1 arc` 
ottLoi S o,O to P o of tbo euvcntioz 	octinrcc tco  
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to cucanoto mc9a a nsico v4cb modro brJ 

ioct37 ?o' Cc2 ooto &o *1 m:4 1t 

t%ixU ov CV013 c3 cato-motov lasmomy 	cOc o 	hc 

o 
oncstaUml cotcQ Rop, 	ho cYtoc flt3 c 

Vero co tb' ogcA 

roz3 	 cUfr cueccoc 

tL 	UctOI tho 	 tgh 

vo2co 	ovIc ocomZ L A Uoc&13t A.G6 

017c3 cadne 9COL? OtO ct?o2. 

bo CQOtO 	 or 

, 	$co £b' cU XiUAe c 

oO CcotOtC uco ObW=d ,, 

bv VQ3U1ttQ?Oø t000vor fl 

o aop co catc7lao c3 cocru 	aoo trno it 

vvwtsoablo to 	 vo3cco Z?CuOO 

Uct34r t4o Woo Of  

iO1 

sot' tlWtmy c 
coc 

A 	An coot Q9 t3Ot9Q  natorlao 	t 

=0194co m4 otr ctot 	bdJ 
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In great. progreo In static ecitattofl euiat, now thoro is 

an inc*aziael use of thoze uzcittioxs syst es Zr co**rcial 

àppUcations on A.C. guertots upto a taPaOitv Of 2004 KV&. 
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.r,&o (c) to a ?p ` tco y' ocitcd cut Hold '4ch Ut 
ou3.1cd by ccca to rn of conatiznt D C0 voitago nrZ ms a bttorr0 
14 c Oup1y Abut 	cont of 	 o 1. tat tun øt %0 tr 
ozottor,cnd It to ucer to Savo otbt3ty at low roitaijoa  
cox o .. T s fto)4 Uo 	or vo rao z'o am orb, or Maponca 
to o It aoc ablo to do Coo 1o14 (fir) to ' o t14rG cwt flo ) 
10 O=jam from a Volta3a iO1 CO D with 11) £ovotblo c c 
v to80 Xt cl Woo CtbtiLty of  the e tow t hon the VO1rQ 
a Cat r In Qoa of 	Rio voles ova o 	000 at o in 

oldo (a) 	Cc) awe motor opowatod imdOO tcuaol CO trOlD 	s 
bo 	uc~eh alcraiij conlotco that no ooiotmco to ;ddcd in ono 
clr 	. it tos rocs + in the o iow, 	the e1rottodttold  
(a) to carslinL a icuwroato the coparatoty ozcftor do Cc) 
Co^ooa 'ttoittb10currorit 

c binod offcct j2 horn in tho cuvvo inT .C* Zc2 t rO 

At to aocwod that the cuarront in tiO11 (1)) to roD If etc 
vh000tat to zuntod to CiVO a OItWO Creator thc Oro all the 
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f havo tø obi £ titn olto Ut c to o 

Or t r Osio ao in tho O1OCitO4 fAoidtUb3 C1OIfci 
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C2CULtO t o rovorco thcn cuflonto c ro nero irnd ncrecoix;a 
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co choir* 	 PLC,*  U.G. 8! I1 a 60n0 trboo a Cflatnnt 

Yoltata oh 	x'i c* 	c act ac an ciplUior. Tbo atLo of 

output volto to rcput vo). ago to fjt d circuit boni T O ãnt In 

a an Vaitatyo Goa, 

Tho output on bo ccn o3cd by vaiini the field Vole' 

trat for a CiVcn fiGId VOlt0Q tlao output voltao Ia noo'1ra 	' 

at oil lordoo Due to 	 ponaa 	Coro to no intrforonco of 1oid  
c 'nt'4th. the fiwi set up by the fiO4 curont, and the eplidya  
is c c amtiom of Wo onoratoro9  r rcf o load. Tho ratio of 
Pomp output Vh  to o po'or input 	ic c ailed poa  QpWicatc  

o ftaao a +ion be acar(JO ac 0000 to a fuU ocenauted 
nacbiztna 
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p a Do3c btt 

3ioc%ttcn ot'tio Rototrolo If It to uacd for votaa cotr*3 
rO1tOn to ajozv=d 110 
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iEire A Is a constant md #4  to the dfl*ton of ths pn*Vto? 

Vo3.ta$e from  norul. ZquaUons 1 2 5 and 6 can be a4ved for 
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t32 * !a * 

Aw IN ewrent 13  becc*eg 

'03 	
T3-v)l  *a('  0  two 
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M OndtZU0111 0YOtM IACIL"2013OU VCqttVCd 

to cdnto tho ACC, 	c mc1 oottton to tbo fold of tho 

AsCe  OiMMe ThW, o M7 bo 0314 to 0o2i of tcotrtoao 

0t413G 200Aatoro and Ito auduaKOOP  
DC4  flonoo for M*V1710C OzAtGU= to tho 

1110 Provtotoa ACOV MMA 0014trOl of tho 	vcbino 
Output* 

Tho "rove=ccnt of tho ftfttrol anpUflor 00 a part of tho 
AvCo tGbtrQ otton iWotci b'm M, do vaot dhaMoa in i41 throo 
p3yta of tba ayotemo  Uco of Ow otrtrjo or tcttjo rsnptftcttton 
dCpGtO oa the cflOrjT avanablo In the control drWtp rnd tho  
total po'Jor output rcluirode Tho t.ototrol prccoo 

cufficiont for to coIto tho fiold of tho lcrgoct etc &tvc 
r,mrntorp t,ftti non' the OQCO control omray ao imcd vith 0 

Ot33O Mobinoc, It wy be 004 aithor oc a plot Ozetto? 
tin ondtorp 

In nothanteal c•uotnotton a Rototrol to the s=o so a  
Qctionl DC to4no of otntlor ratine and opoc4o  flot,cio' 
the phyaloal etco or bo oUjhtl blaf;ovo  duo 10 cDrc f9oldint2' 
Wo In tl otator otruoturo cud duo to •opot&on 4th en uuceturet 
ca E1nottc alroulto  Tho crrypo  arc of norsat ciao to both 
tpce o' nachinono 110 can oupl one o' WO otctjoc of erip&ficztb 
Loun 0 row Polo tohiuo, 00 thct it CM ho C*nnmtod dirootl7 
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to thø shah of any go for op nag At say 3600 flP14,w For 
providing axoitstioi 	* 4 ! with aver spe c th. o t ] 
not ba s+p*rs # driv at bighar ep,ad to obtain a s&: ez unit, , 
which y not r ya n esty* control *rgy. 
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via* 111407 tthoo tho Ota4cat typo at rototrox pflot ozctt• 
or ror uo titth a turbLno ccfloiO. Ttiø rototrol to q cowcatiovip,  
al D.C. t 1CbXnO Inving ci high oc1 
plot oitoza aro all run by the omo thaft at 3200, 1C00 or 3600 
R,P, for a 60 c31'Cia conortito!, in n normal ooitrtion Ovot=o otto 
pilot azettor 10 a cantnt 7C1tQO Ceflor-10r iWoror tho z!ototrol 
pilot onaitor lo A varlablo ioXt3o plot o=ltorq  &id t10 opor 
Ion 10 ottit1' to that or a nl o ttorcoatrit 070t0mg  But in 
tho nm arraug=onto no rogue tortoontrol.Zc4 a:Aar4soporatod OOtto 

tiot4 rb000tet to zmtdE, A vlc ltro to oupUc4 to tho malu 
ooitor fto3d br tho rototrol pilot ozøitor uiiob to d1roatIr  
aowca%,ed to tho tIO14 nnd to aintrollo4 by tt.o voltcgo VOCUIntor 
cuto2itic eonuol mit or tho hiw1 ctre1 tmtt, i potonttal tuiit 
coc&woo tho voit'o .t gonotor tot1nco, rnunaa tho voculatur 
'cCTa1to tho poirpbco roitcoo, 

Th rog4otor iutoatto control *zztt to 4L1fovcnt iroi 
pzovoua control mitol uiLat urict a oontaotowm3umlt 	tocuur 
iu3 wit to control tto asiawozalto2 field rcott tbroub noM3.1  
nna quiah rtoo and loo con zøtu. in that amn(;c-mmz.jt uoo 
uocooaary to uOo oovo.rol, movjzc, panto mid contactoro. Tho 

control umit uc4 haro woldo all ontator ana an  
arto0  i4 to 0 otvioo. %to vyotcn Willy too 

ct,cchnoo typo of otttc volo oultor. 



Tho ptlyoleal eontroi =It hia a brido ctrøuit cmOM4 by 

cocitoi fo14 iioitcjo drop0 Zn this br18o elradto, tho 
rototrol control tiol4 io emnoatcd dIfforenuallyi iny ehno in 
ttio ctut i'to4 voltgo or to min octor tr(mtho Muitoot valuo  
cro.stoo an ib1nC in tho bridlo•4et w*4 carz'cit gttm in 
tho rototrol control flQId to(orvcd tho volttjo bo phptcal 
control rnit henool roI2ItoO to cbtt itold voltneo of aft 
o3ctor, to Ioop it constant at moot V41W dAch nacdo no 
fuxt1tr attontion by tbo ovoratort Dopcndlae upon tho ouory 

onto ono nay hwo Ono or tz otcmo.o of 	iifLcitioa4 Tho 
rootroI'a tofozUcd• oo400 f&o4 prwidoa all tho ccittitio 
morn of tho pilot o'xtdtoru ir th !C, gonorator In ojo tin c  titb 
cu1rtcd voltar,00 M tho rototro3 oportco on tho of  otralcht vomon 

or ttio Oturmt ,ft ourveo  the control Add )t'r c otb 
no ioopc tho rototz'ol voltmoo ct eotrnt volwo  

Cowtmtlonal chtrngoo in tho vototrol Ona rivo rotponoo en 
oolWia vo]trc3 olther oqir1 to Moo tsitt. oonvcnttorti D,C 
conotora on ohorn in Pic. 11*? or bôttor thzn in tho 04 arotoms 

o ori tixz4 otroult on u2$Wio tho i(hcc trcncicut current 
In Conorator of 0fl4 in T!CiU oundtor flel4o 4Z to 1C,# obo4 
oicuit or aicn ahaut;oa in Xom&, IgMa fibtn, trough 'tho ooU 
Onatcd *'ototrol corioD fidd4l paot.''Onoltor her in V100 XXZ*1 

11 tho t4uoe1toz otio m1 L; IftntlenA. Wth tho 
blo O?Otc uatn pilot oo2.to 
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F groat adv ntaCo Ia tI o ccantion of tho ntr2oo 
oitOPi4tcOO` attc routor UL h mvl4r, pzrto iM of tbo cor. 
octc fiOldrhcott of tho: a =Wro Sklar to thO CXCQ 

*th tho o*Mor icootittc octtrttonorotQQa ab 	o2rcutt o. 
opcctro t 'oaut 	loco . t 1 pilot oci oo j) cM boeo 

O3G of O3OitQttQfl Qfl the Arco  u o 	o  B O OOZOflCO Cwt 

coctioni pilot oettoro 	Vo 	 o1iabbo .Irk the  
fit l pilot o toi' arc oeci 4 elect 	: l7 cqully  

ro a toe Quart parts are uct In both t; c , and n wda 
ukltplo tiOb4 tnaddition trs the etetroL In both ootmo the 
inx oz for to ai r in a  



Pig* 111 ohcio nottor coca iItich ia bottor tbrn tho 
nano it ro r dccrik1, It to wa € no tho 	QQtrO3. 

ttiit and utortic con . a, t :- Icnticr1 uittz t000 in tho 
prou .cyotci, Tho pilot Tito' jo tho o typo ao botóio 
ozcopt that it oporat c in a d ZZ emu" dos Zt can o botto 
torotoo4 b in oinrj tho tthj c tho rtn ocitore Tho 
xin oo i or hoe a motel onotzecon# ceopt that it hats 

T tfio4end&moo to of  ono. , ioZ4 a) to 
ohat fiold on4 cupLtoo cost of ttic 2 ol4 ! xra ati n for alto 
o alto gottin Ito moray .frotzrto ciouit in tho 
emu.. minor for n oolfoxcit 	1cd. F o (a) r oopz'atoo  

o ottc1 ob t fiold fc t trot a otion be ttoz rna øblo 
of ,ivin ID poz oEnt of tho totem ss eittioi roqut4by tho  

ox t or Ito p 	so La to co otbtIity at Ioi v l .tgoo 
forpbroicl control* 

Thin to uce u'olyuhoncvz to opo Or r o onpo volttgo  
outPVu' LO ia1to0 it flOOCt7p 	wtatQ a O p O i4c in the 

czaiaing of oat o of 'lo w (a) a. (o) tioi thoocti cx o 
boLn3 Uplcd toother In +fit a t7that hen ro4ntuoo la add 
ca to Ono fioXd , it Is 	 tho cep. TtdO coDbn tiona 
o~ ►f c thor bc, h 	opotce or cotocotcd 	lco tho 2ccot t 
for fio4 (o) Coto opon a Q tc4 t nor34r belt  Lt go O the 
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oto.ttoz cn 	tnD aos O to voltcrjo of oxcttor So inet'oco 
Thus c*o obruco Wit Mold (a) ot3btliuoo to min ozcttor 

at lou vo tcc,  output uzor phy8Lo4 oontrolo by, atArtlat,,  the 
tO1 etwcttou curco oo tbtt 	tiio intor OtJon of to 
atwron Curve ttb any fto3i2 rc9ntuco Itno to oocur'c4, 

Ac tho atoblUrIna of r4ct at btgIor oottor voZtQgoo to not 
ravixod s  tho opcn eUoutting of Mold (c) hc w bad effocto cad  
'rth on assUon battor7 or We tcid to o4od 

Poid (b) to a obwt fo14 cat 	07.tho bub000t pilot  
octto', In oport1on rith tbte ooittion 070tano  the rho*otnt for 
91014 (Q) Is cot 00 that it alone 	OC a bOC ttoia OU?Oflt .o 
cnou to hoop Cto3dVmOtütO ctabl=r at full load on the 
Cobovitart The voltage rogulnor eoitr la the buotboot 4lot 
oroitor output for Volarlty an4 cUuo, Co Wit rncttaton 
oupplicd by fto1 (b) otthor ad4c to or oubtetc from the baoo 
=ItItionq Thin holpo to r4tataft tho.. oat AC, Voitio although 
ld too changing on the 	o!4no1 

Under regulator controls, the rototro3. ectd field of o4n 
oatt,r to itooli a ctbt.tng Mid The bciboot pilot 
c2O2tor can auppl oufftctcnt corgr to the rototrooetc fiol(a 
on  can O=Itoro  cc that the not,  ootatton am be oontroUc4p 
over the norrrl ran3o of A,C0 Ccno:v,^A*PO by,  the ¶7Oltago rcadatoro  
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'~w f k 	T. ,er... 	..„ rR6* 	.F. a.. • _ 	,s, 	.. .. a. N 	 , ; 	.ate 	aTw. 	._, 

7o tho barn o itc t on tz up,Ucb colt xeitoo 'iot p $f thoro  
-.nr trouble to tho rotitrcl ba!b3oat pilot odor oi o i tc 

typo oltago ro,i l ato , c vloto odt tonnot lout nor load 

o ply S o 4icturbc, T" .o its nn ad`ntro ocr + c the olao octco  
and the ov o ono ?or t obo 	u.t oropccircutt  
pf ' ozcitor circut# -tbo not ono c ar t on ri : a uzngo4 
llbci a Cirei2t ti10 zc #.C. orito to Carr;, na a lO4 dtftoPont  
.tom that uzc4 for do r ctat oottt v the .C. cno ator  
ntioo t0cr 	o lo 	b'at nt a 	f'crontp o ct . 
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'tea b oo1ootic tcnoitorc pro of 2i goat u1i, o 
ototoV b ?orjb Cpoc O p Co it to not p ctio btQ to tvo 0 

e2iroct oonncotton to 	 +rat oh ft Tho b Ibooit pilot orcit , 
or rata 10 4vtvor br o I] 	o lhtcb crctco tho problem of 
vollsbba pouo' OUpp r foi the zotor hroo hold riin cottor 
opotot to uor v blo for uZou apocd Ge cr t ro au abomtnPlot, 
111•4a For co l opo?atlon or t2O *+ # go oto? D the oeita 
Ion a,iotcz It11 opor nto CO + t a bpoviool7 i.e. the Oo h 
of tea ohnt ttoldCtvon the boo ozretttic mi tho rototrol 
CtVGU buetboOt action to 	Dto bo cbnrjo to roI ogo of  

the rcno tor, Coi otartiug tho g oitoro bon no outoido courco 
to i7QjlQb1C for di v ng the rototron L1.. oot tho 	I oottor 
In oolio .ettca r. d p 	do o:ottttoi for tho cin onaro or. 
o Own no the ,C, voito to anti 	v the rototrot iz y be  

ctirtc4 rn the vo teg roes.-i o odanoot 

than thorn C?O chart eieutto on tho A.C. ,C 'otct v tho 
o rot obo .d bo iblo to m +p ' fu oottettc to the i3caortor 
Moll. In the Cysts Ohio thto to Cohiovod by +mating outf 
oic i t Lnortta In the rototrol n. oat to oz it throurjh diotur 
b ncoo t thout rntoh *no in Opoct20 O o* oo th rototrol rxtor 
Cc 	to? cot to no only of tbrt 	t a uttb en &.00 =4 D.C. 
driving store Par noel. opor tto 'D it in given by the AC, 

tort uith tho D.C. motor nCtintj oz tho bttory r4 a tintj no 
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D.C.o *c tor. U thoo io a di 	b n o am tho sG n tc OQ 

D.C. 2 øb1no Oh €U intoixtr 	t up tho # rivAn tumeton.. iitton  
tho i,C, volt go tai1i A 02! the roo o rt n of A.C. v'o2 ago, tho 
A.C, 1 for would again drivo tbo nn 0 opts 

Tao rototo1 c n bo dri*on by an ntroIy indopondout co co 
o,#% coon', vith chouid bo ro 14o or' a to do tcncfor pZh  

Lion oho*.4 ` a mf r. in'trobZo on thin 	ourco touU upot  
opor•atioD of  tho citcttion oyt.o oyctci i 	in rig. 111 
t mot roUnb2o hro o pt to tho rotato , r ivtn Cots d atur 
d only tthon thorn oroAucttctiomo on tho cola t,C. cti, aovovor 
ou h inertia In tho rototrol moo#  cot Uoio it to oreoo tho 

c11Utb, 
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A ttøøta 	3 0Q12 bo oontuccifor btu oioo o 
pz by wing I o: .1 control 	r(Wo hicb many, 	suppUod  

.ntrwcnt tnfoiaooo it c to  4iet 	ncated to to 

D 't 
 

of turbno mo o ; a it Pr a high 	1 tttoo 	air 
an as c 1t wd4wiry D.C. t  bincq: 

orb1c tor Bo aatiou md ix.ntcmaflco by c oidin uoo of 
pilot c tto'. The DotentF3lunit nit vo t go rotaito utotatic 
eon rol m M+17 aro bri oan e+bs o1 	4/ 	 at i At oci o t Ito 
poffotrzc I., c it i' to that tozi or nu otttionc t # 

Ei ?off iototol pilot oGto2o, dtroot emoot ev for nor 
n tt llat g o t  cad oopratcly z.otc !rivcni of or i o r1tt ono 
f 4 W3tZ2 ottio 1Ot0rLO Gr Jlt3f3O  OUt0fl tho OI'U 

oo t atio opo""tton big p c v  

uoo 	 ° to swoid i Itaro of ny a pit pitw to t o to 
Olit3i i s it o or C1tO Lt O tplor s UoCit w tC Clio Rog4to ULU.0 
Ito cootocto nd the pilot ocito in tho 1in orcttor Rototrol 
c ott tion for btno gong torn ihu3 io oocapUcb tith Ott 
gain oitor coizploto axotttion0  stability and rogu2tto uitb 
' ho O c tlo Of only a ottto !O l tjo I"Cculat U3 nottiot. 00 O1 

pu pogo hz o bonn do io4 in on rorcitoz ttthout two of iUtioLvi 
b? toop abort ciro$tc 	r tngo or othor cotruottorm roq3.tr1at, 



cu 

CdS UOtMC3'lt # 40 ' ho Qz3pUficr1ton 10 t 	in tbo Min t 4tOr 

.too#2t it to tnotructo4 to 0 tootijo rottini " tto , in  
order to nocd only o coaUU pmt o control onoyr ► the Otot o 

	

t t • 	. 	f s ! 	t o '• 	~! 	p 	1 i s 	•' 	a_ p 	_,y 	f 	y /cr 	f " f:k r i 

X 1 1 3300 IhP4l. for ozcith i 00,000 1 throo  
pt too 6i 	1Q $600 . , $$hh 	goto ' r at 	or factor of 
0.08, Ito principle Is the Uootin ttuoo eonotiictXon on ctroo 
C 

	

ciooe a 	no br' norml 	z' t o . ' bc the co"or $0 ro ovo 
it ctvoe bettor acoon bi t' . " r tnopoctton iropltocment of 
bz hoo tbn in a D.C, 	' no of ozUrr oioo. The brw,h hoor  

	

Aa of ubl 	po 	uithota ` toj any tools the broboo cn 
be ropFFc t t!hilo the iucbtno &o in o ov tion9 byt p 	n; ctzm 
e ohrnted bruobee, The arm ; -n ond nu bo of bruohee to 
normal "mod a"co ao on en ordin37 eC tU 33D fl.P$i, Q2zGitor, 

floe o it 	o nro noc000:y for rop .acin br1ehorJ a but e 
4opronoo bc8pZito to wed for oa o tc eo of brh rop1icoront. 
04n to the high opocdo f 	n r ,,ino r' uood and the sibriri  
r1n,,j coriut3tor' to of Tho Uc ttnChow3o f1oitin tom* 4r'iituro  

n tin # to the ordinary lftp tiin4tn uthout orcee conzioetiono, 
The opontn o •icetat6r n O«D ore ft11c uttb intn4atinrj 
tatorio10 	oho tiindinj to toot bol 	the no -Io tai. der 
orttoiMono of front cots, to avo9A cep-ieo ppthO. The ony live 
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Qrc t s, oud0*03 on tho auro wo tho ino 4 tton nc w tho 
Txno on ontorto'! Of ant ootl tad DOOr tho a' `t 1 tflCOD  M4 

tt*ot can bo clomo4 b r ccc ui tth1lo tho unit to po t 

Tho ottitor ic nv t' * Cll0 oopt -'off" codUtctt bah bo4 
or orOGO cormoottono and ciddttioiv4 itoltt ttn&tno to cat ttto  
cicifttion otagoo Tho f 	uccd ic lotnatod to rouco 

to r oo; avoid odyr  currmto and ivo a f 	'oaponoo. An 
tn3o of o cI fto1& Mutt t 4 4 couttin polo ro inoulotc  
o for tho full tonth to o t4 c 	o p h. "boo borino used 
aro of po400tt2ii4po ao hov o 	000bozv for trios to tho 
'mooon2 4l ' bottor accosotbi)ty rogardingall oo 2n around 
ttia chat , honOo Poducing )OI1QO 	oil.  

floziblo oupUng to uca on the 4.00  Coro co' thtt to  
drivo tho o=ltor fr Ito ooaautor cM. A fan to pr'Ovidcd on 
cM of ttwbina onor-,tar ahaft nM a1voo coproto copra vont lrtt on for 
tea k , c citor' and A.C, aono to coUcotor' d go. tgMo 
p $etc e &nqordo from the eoor and fiber a Lo prortc10 r  
iono in tho bouoing of ozot tar to 4toct'thovnti2citthrj air for 

fist 	tin .. Tho d rcot o of air flow to fro roar of  
QCdflo 	u o the comAa or cind fro  ouch chit there to no 

ooibili y of a m in fir' n dzt trot, t ou ruOhoo, The 
Wflo at front end of coo ci r' o-too the air Pica o'or the 
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e=utmtor b  tbno cooUn It rn4 tho tuboD, Air for cUoctor 
ArA3,s le crioi troi the rear of octtor I* ttoUoi tubez to tho 
.0 onortor fiolci Uoetor rinc and bruzhor. Filtoro ro 

uød at the air ontrnco into the o=ltor unit* it to 
11:4 dtróctly Wlw the Can,#  tdcb i1Dicca  at tho =4 or tho )Ce 
gcnratorabaft* 

4111  
tho xii1z. i rIx 
bo tmvod b a honlo at the cd of vao ewer. Pulling ol 'this 
hxlo doprc0000 the roUoro 	tho evot' cn bo rolled aiar 
trozi the c=ltoro Thio Cn to dano c7on then the =it to 

F' 



lo? 

M 	 1 ? 	at s Y ut tc e 	eao 	'11c 	 Vef` w1m 
oat Como tva tt*a odv LOGO of fc r 'o mnnca ouch no 0011 oprtnl3 

tcnoion1  but b ro tto 	bc1 of tvin n4 tcring a tO0 Diroc 
acttn hcootiitto tipo rocuicitoro utth oprinr ro tcd 	iflflt perm 
brio ovarcoo tho di ndcintcigoo of coving an+ vo• ring pcirtOo  

A batter 17my to to uoo rtOronoo COuX3iBtiflgQt Lntor000t- 

Ion of uon► ncr rh4 iinocir Im:pe .n o chcircictorioticos, 	o roiju m 
ni nj circuit to ba tncodat the point of, tutorGoction ot the tuo 
Q atmorto ien Lor cbangoo fro the o h o Jovoi forh cb the 
inorooctton to uuit a currant difference io a' up In The otc i 
nottyft. to PIWI 40 every" of one pocrity (Or Ito Otto) to 
enorgico the rototro2 control. fie1da ng•#:Vol Chom th000 

otyrcetoriotjco, The OUVQ 0W la otnor and indictoOa t 
on of t% C* cippijod vo .tcigo nu ttio current fioing throuh the 
cites + t ro etor#  end O: f to a raught Une Chot1nj the rotton  
Coca the cippZicd t?olt go 	currc t throwJthe ccipcicitore 

ounW tho votego vote v iiuo a ooe for the tnor000tton of the 
icpodnco chciaotortot2c to a bit 1c n than the value of  
voitgo gonratod Qttor rcthtion ttivoujh potential trcinofoiwro, 
roa' getting a Tango of ajuotqont of voltage lovoin a rh000tcit to 

nnootc in oorioo tlitb the cftoutt doh gtvoo the reference 
lc ol, The opor for * .n ch ngo tho ri000tt poottion to vgry the  
rxiitanco of the circuit %d thug the voltcro to a doorcd lcvcco 
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`ia* $YL4O cho o OVOtc3 tYtct 	itctO .Zt 	a v not iOiI, 
tto o uIt for ciufi a- t c control Ut inC1V.QO tho cpcto n4 

oc t ti.nc reto, i nothor part Ic to pet ntic iiit Int bl 
t ,C, V+ 1 -~ ,o €A% d curr t nro mod tooUp1y poitiVcooucneo  
ol.tr co tar tho att * t .c a ntrolt and a , t . 	for q ' * 

I~g 30Ui VO iotd botoonthe A.C. Conorrtra bich opo to in 
! 110 , a a'c io a control z 4tc to 4tch tho gua ' in or 

out o airoutt and ri pb 	 t control utt for contrUing the 
i'ototrol otoitorna it 	on tbo voltogo roulator Icnot in 
oo 1000 

¶btu into 	.conreotiono o potonti4 wit tutd uto tI 
Control  ur4t Oro ohotm tnPleaZtZ4l. Zn thø cent 	 ate the 

pt t f.C. t`a' ngo footiP diroct to the cipcptto aire4t and to tho 
rectox ct**cutt, a tcb ot uh.to onortjiooa t drytpe i'cettfior. T 
roc Uto outputs are connootd to Ionian roiition troujh e 
tcppcd roalatanco, Tho . control tto to n.:cat tro to metre 
of tto rccinttmco to the oppcito o o of  tho roatiftor circuit. 
tit the Point of intornoctinrj iap*neop tho crcnt M. vo' erje 
output Of o ah *'octifiar to &4onticg 4 no 4tt't'oron 10 currant 
ro cboo tho rototrol 'control 1oldo Uh n teat to a fail In ..O. 
voltQ o. the au ront boc000 loan in tho no3ctor circuit and 
caucca ootio current to t1ot in tho control  ..`t ai(A t th the orno  
polarity on tho capcttor roct&f .or Thic flat' In tho *.r•'ioat 



d1rccton U1 nio tho *totrel icovo tho Output MA I co , 
cotora 

 
tbo 	0 Cene1' to volt go toits - no l vcltio0 

0C, vol rjo inc:1,okoo g tho 0t 	Cnt bco .00 rro in tho 
Vc2O r ciicdt m zulto in f 	i or diffothea ciarrct in tho 
of c ut of x oetU t 	or OJ poiortt as 1+ tO1 circuit .?off, :ii.tr 

j o 
 

roorco' at that thcrn to A, C. Voitao hid dooccc  

tho rototrol control fiold to ooc4 In t 'louor 6iroction,O 
This docrowóo the ototo 	t and ngain rotorco tim 
t c er 	It ge to noz 	moo 1rmt control .ur4t tvua o bridge 

rtt cutt and voriltblo rcoiotmco c wisc t r' o 	OUt  
PU* 	&nCIZO3 	t7pO of 1"10 on roaletanco connoction  

to the control fiold It oottinr of tcaott Is i'io tho 
circuit Is cc -rogetint to conZGl tho ontiat voltgo mc1 loo 
it conctmnt at a pdotcDz1rcd v lvA £ &h o in rimoott Votes 
inrj altora the rototrol otpatv 	0 sin dooirod cnd conga 
the torntnnl vdMage~ 

A control t1itc1i to tcd to c Mao from hand control to 

roultor controls tm this has four oMono pee ~ ro ator 
'tit, phyiel toot an r 	r* 'O! chung1rj fraQ phyaical to 

fstor 	trol it to tLEOt t 	. to the roltor t et Than 
the aatctic cancel unit oitput is 	bv tho mdj ttng unit 

ciocttcd by ye l to' till It catches the ltogv of phyz4cl 
carol =m tcc it to tuncd to the ro ttxzg octttoa an the 
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aito' tahoacontro or t?.o .C, VoItgo 

On tho'othar h!flv  ribc3 cumalko trot o$3uIatorto ph7tco1 

*m,  trolv  tho =Itch to tasutcs to emyoleal toot positiono Vzo 

OUPOUt of poic1 irAt Ic c nc1 by a vhwstat md ebcd1lod by 

voltnoter till it rmtoh= thmt of mtxzitIo control unit, tou it 

jo.turn,cl tO tho pbyotot poc,ttio. If tlio (meltor voltugo cbnrjc 

fm= tho cottin vh1lo the •pb7Ic-1 control 10 xin uc1 thc to 

b1go circuit cacreimo the Dototrol control floiG in ouch a 

troctiaa as to rotum the ctoitor volte to the pbyotci ctttn 

at VhiCb tho :!yatcm.ls being ciintired. 
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v: 	o volt + ac 	.r tcc t atcb10 2o o a 
ac1Eh fl 	t loiOctXGthat 	ttaT Oft W 

a ciO G icjo cad c1c thA vac tat= e not 

2OZXD C iO 	c*thij;parto mkt ..t'  
nay0 Mbavo c cczo ut 1=0 ao n o2cy 

3cO'3tOtO  

113 vm + 	z to uo va oocco`elm 

c•nod or a I n +c ; 	Z 	 or tho coLi 
'Vo S c 3o rc .O 1O tlr 	J catc 	'3' x0'D 	. t at o 



no 

c 	cCS.ct  

aro vm 	-C pv1to 	1cnI to ticno 

t o In 0 	cco path 	0 Ocz Otk3 	I 

cvct 	*f oec PC's c 9th 	;o 	... 

o tho 	d. 	mi. co a 	Pa 

wulo 	. ozcfto; cud 	aQc c o c. 

of tO 	 0 govv 	otic 
atom .VQtüC iUO 	e 	c 

c" ' c co' no1&h V Qty 
1.0 ..v ' 	o Voc0 Ito + 	2. =01400 	C? O 	°* t' 2 t 

moo coa  & Uocc o  to? Oi Uo Lat 

o,' l c , o n o* 	a1 °zlt mo c MetJ tt tc a la cssl as .~a 
02 thoui*o tho 	iCDottoarn&► 

mmo ()C UDIioctc c 	 t 

1 	i 	fir.', r 	1 n 	~~+; t~ r 	■ V' 	Epp. :.. 	., 	A 

	

t ciccut of 	't ` ii t 	1 i?iW 	ior ~ , 

a d 
 

voitcoc, en. 	o 	or 	v*tcjo 

	

 
tbo gocto ¶1cc3O Vt On 	t 	s 

0 `.O WM0 . ` .c~ LCC6 46 cc . to 1OC * o  

ocj " [mac"` CC tho occ 	otco0 	O7 0 C t t 

o. tzi 	 tho 	co 0g co 



o +mac o caci ttiot I t i 	Oi cantc-*C o VcSca t 
v 	zcto 0 1cO tc QO k X40 2 

ac z ct ato Is c t to 	ocwxAd sow. Ta 	L 
tho 1cc on tho o?c 	 fl0ciC0 &2O2nC wo tea. 

0e LoW 2o to 	21r!c t2 

Imo to Sco O 	tho Ari 
=n z343'Mk o1 Oan Q1 91+x.60 rod la tc ccx  

5 	t 	Clo 	o 	Zn utoo(b) 0 

cbm0 b 3 	c 	►o 	.' ' t a t ~.o 	of 

f j two hoc t fto 

00 	0 tho 4006 ' ' 4 c n  

tt31otC4va 	bC tO.I'0 *no T 	o fl"' O l O.t2 

c n C3 car di? ccoO c Mat 

..o 0c 	zo O 	t 	' o 	o24s 	o 



Y. 

J v 
Si~vLi 	 TLSc~DAt 	 -. , 

7A tq 	 o v7't'uL~ 
Buff).: `v' 	/,'1/'4' j 4'Ni 	c 

2:- a.t?ac A4 (f€' 

!T2 	 1k 
7)1 	 1 	 _~ 

t 



"3 3 

ics 

cQcom (00 2. ?o m e 21oocac 	obi 

f 	o gc !rt .' E 	C 	G 

I z'z two 	='tae's o aocc cD cad) a 

ccz ca t4bc 	xcmot o~ 0 

co V3 O `mntz,2o vc c o 	o 	Qo 

cow L Co CC o o 

~ Vii' i 	w ■ ~ ~ 	~ ~1 	'~I 	~ 	~ 	~ 	 17 	t . 	! 	~ ~ 

ahO3't SQL' Q0 C'2 .VCt6u o C'2 
T'Ica 	a) t$e n o o 3"' G 	►_ t r'a a OjQIZQ  

of ' o tai& t 	. a cc'O. 

.Co ZV08 t o o t tau ter of nt& o 

0aco 	ctQ 'mod! t 10113.0 i o 
coo o of trnczzctho t c r3o c" o pmo' cta 	cc c 

tvo 0113 CI G32 30 b rA C6 Est qx AA 
;fin -eftc co . '*tccc ci cpo&zco 	cLjov 



'47'v1yr 	/ 

i 

ii 	P. Uy 	.L 
liii 

	

I 	7' . 1"it I 	I ______ 

	

4 I 	
' 	+ r 	~Cf 	H 

	} = 1SCl)rf fl 	lc 

• i1;1' NJ/ ,V9bW 	 -4---. y 
~. t 



w 

/)Iy/ 	/lf 77MZ17 IA1,/ f)44D7 

T 

'' 7b'3,:x% 	~I 	! 

-;--,-;--,;1,.{:1,.- ✓{sibv
I 

 

4  ~ 
I 

I 	J 	

1 	 - 

" 	 y 

4 



fl' 

mooct of coal ct1 2ao cicon In 91M iccnclty 

1,0 cnrc NOSO 1OVQ Xto13cc 

CIO ico c3 tc&oo or co zvat co ix'j 1=0 

Q ftopato cc  

tho c?1O 	 20 cozc 'XIQ thQ 

120 09 I0C.. Vcc3o CLWA LEPMMM ezo c 
rAmc-~Scdl 97M Qcco O3C3 
Ito c$ec oe valc4oz c 

c 20 obO ctto crjrzao Q 2o 

Sn o1 pooco c 	 o ccto 2i 

e4s M& RV04 tO acL a 
cco a 	4 0 to 1dco c Lc 

so that there is 	 ot tam 
121COOrcL th 

ca Oi 	çoo 	otG OA En TO 

cc o. c tci 01) 	 D le 
cOc tflea tho 	 c eoc3 

277 

0 	 0 	 (*) 

tcb10 'CCtt 

PAN N63 ctvulo Qo, occ; or C. OZXC tO• 



"7 

otLv cae to 	& 	ao uooG in T Odom PVC04COO  

zto boc qpvUO cd ooQtivo R10100 	ono 
an tho mawo (~,=' O tnt 6t cc 	a o?oocj OV 

octo (1) Sri non t7 Ova, C7000 of Vj ZV' 

37 tmporaoa jIJ 

ava = 	 () 

.o Q lOvOrW4 ccon co At Chem Uo 

caarcotcaottao of Q0 cveLc0 

tccS *cloat7onga V7O13Q ?O7O or vevj 

c~vilavoty to oL1W&Q boa a DOU OEQC3 

toflab.Q VOCW41n3  

bcvo rot, srvoamcoo tvf4 Cno Olmo ma czo t1?O 

valMO Q= tLOX £c0000TWO 10 m tKQcaco cctb10 

n flcU?O ciLl trvo 	 tth 

iUo0 rAUCY 	 Mzo 	oov 

Oto Moat= VOç1CO 

co o? CCCOCQOa ?OO ?1!CtO c 



cgz cw% 	 ' ► 	O .to 

''o fovea 

ola a t + r 	O3OIU poQ 	0o 7hccoto 
. 	AmoO' c 4waC &' OV0 rO" O c4nca . 

'iio et 	. ,O 	ucz4 txct%vo o xaWo 	to 

o ► O 	Off' 	c3 m 	Vc ;~ 

	

ire 318O f' D mr i a t 4W A D 	 C" oltaco1"~: 

Z tao to ccrz ` Mao (O) exjQ tho vo1czjo vcZc Vh 
tic  ?o 0 tQVO7 Voc3b, bo v tc o 	" c coc'tnt1 J 

ccc c c+a ma 	o oo p 	sio cctbo °+a 

e o o CL 	 W 
ctc bo 04g00 O pocLvo 	 co Val 

x0t E t10 a t t 

o v M3 o9 tG-, tho VOt3O t O 	OU t 0000 oQoo0  
v~ o vo) c Co o oo x O d na cbotc 	ito. cM 

QOoct3Oo Qc3c VO I0 to oocO ui 	OD vc1co O 
cccciVol O'O T o t M o t o to cma oc Tj 

1 tv' 	I o too ?Ot3C:c 	vctacI'oC of 



9 

Tho Ott o roo c th o tt to 

c 	cta3 ctQ 3 UCOd -o ? COO 	too rj 

OV 3 * 
 

oCO CG c3000 c• ao 3 tZflC Pty D 	io+O 
Vo C3O cLG VC0 co 	cccOo Ltoo Coot to mro 

th 	S 	Q$ c7 rictu 	0 tIo to wtDtrac 

4000 .1acnooQ 

l 4N 	s a e& 	rat s~ t . 	rtalr:o 

R ~ 	•~Rr 	3: 	 i" 	~N liar i~ t ~ 1 r . 	7~ a ~ a 	~ 	* ~' 	~ ~ t ~' ~ 

t' 	~•a 	• ~+ s,~ 	~1 	:. ate. 	y •~ 	z 

400. noc 	a rptav 	4c'o bco t.cc3 u 

coo 44 -0 	=ID 	90 O?O1 tO cXOcDcQ 

p1,.^w  o to Soo + ono o 	 oe + 9 Lio Introit nm 

' 	Q 'ot t o o tzA40 	 oc ot  

XQ  c toCo ccoo tXJ ouLcaC= a 
ccra o ACa cup 'talk o Wcp=C= of 	4o ,oca=mom 
Off` Ic a `• + k c ooro ecavcU ? 1ppa + 	"C2 L ' to i~►"r 

O OVC, Lzo vetch a o O t 	b o Oba =VOO o 
I a £OCQ c rc ) 3O Ito pza o uocz0 



* 



fr 
.;' 

t 7 ' 

lal V 
,Vif/ 1fY&57  

YWd 

I  ,77v75 	t 	( 
19 	

Il/t 

7 
9i1 	

y4fh Ji'/./ 

w/INJ72 

1 	 ) 



199 

ELEC TROT>T'  

,o 	 Xa 	c 	' fi c1LoG  

~1tc3O cweo cct c  tozncot 

$co Cccoion3 o 	t3 on 2o Izit 

~. 	',~ I~ Vii. .~. 'I" ~_ 	- 	~..~ ► 	!~ Ci. 	~a :~.'~ :. 	_ ~ 	'i ~. 	~ f _ 	~ 	~ # ~ Il i1r~ ~~ 

~P i r ,• lea rr,: 	a►a .. 4 dF , 	 ~+r:. A, • a 	!~ 	s 	* 	 ; 

° '~ 	i'tih 	~ 	■ 	err 1k. +~ 	~:. r V _ ~ ~&i 	k a~ ~'. 	■ 	► ~ 	i 	 k 	~ 	i 	~?'9l1. M 

r, 	r7a t ` t .on ' ,r C"' w CQcXCP 	M cc o 
Mm 

 
taz 2io io 	that M' o.ld Iio : o o ads =, ovo 

t3ct? 	to dQALa GtU. tho M= co o £ ato•CM10 • 

on 	a G CtO ACa czpp1 co'  
Q cvat+& 	 n 	- ewuo a  

nc oloe c o tcuo 



D 1c)'1.c7. 
•- 

A ,77L(4  

J 
•• 	E ? 

'L V. 

I t 	I I I I 

Lr- ' (5o  

2-ct 

-i... 	- 
,L xiv. 

t 'v 

W///W7' 7.7 

cr 71d 
2Y02 
i5t'WQ/- 

A 



f:^Jtj,~;i?t 	/6A/   /~'j~ d7~~i +
:w S

: ~~° foJ 	J `'"wr.G~ ~ f 6/ ".
j  

'~. 	+1'^ 	 ~•~y' 	 /' ~j 	 ..LG.LL.... 	 l f 

~ 	 µwk 



4i  

Y 

-.1.. • I 

:--- -,---Ig--- - 

jT V—Ô 

1 1-7 	/YZ 
- 	 -.. 	. 	 f.. 	*'•-,. - 	-,._,--.. .,-.-'- 	. .-.- 	-. 

El 

10,  



ELECTRONIC • + 	n. 	`' ` 

• ~n~w a 	' r 	f 	.3b` c: r 	s 	s+~ r+ Cirrr s 	s i 4+: ~a r 	+ s 

!Q■ n 	 fah r,•r' r sia:,: s :as !• 	.o a: 

1Y 	.." 	r„ .i~ 	~i 	'.:•r 	a:t'" 	* :~ 	$t-; ... 11. 	ii ' 	.i nl 	;.; 	~{... 

' o. 	!: 	t f 	IA 	#ts r ' 	off. i#. •!! r 	o . i 	'. i 	f 	. ' ~,. 

r 	s s 	a I~ aa►. + y 	:d a. 	4 	air •~ a. a. 	t.~e 	a+ 	 G 	C 

`- •S 	't s 	1 „ 11 	J. at 	/ a • 	/ 	~! 	[.'M i .A 	$ 	". $i!. 	M.~r ~,'. '• 	a . 

11 	rt' ' 	~t : -1,# 	L. 	~ ♦ 	
NsL'!' ~ r * ~. ~ 	_ ~ 	, ~ iF(~ 	II+Sr 	~ . 	t. i 

w ~{'~^~°a 	a~ Y: 	~ ! ~e .~i. 	! 	- i1 } 	~ • 	~+S 	F 	i0.. #~' - 

l. xri.. : (rl- '. 	.~s 	~k. _4~ 	`,. ! 	+F ' 	! 	Y+~.♦ f * 	.°1k 	~ :M. 	Y  # 	Atf r. 



i 	? 	2'L 	J ..c ';  

' 	fir' , 	,• : > ra t~ 	q 	7 	7  
, 	 .n„y,,, S. 	..,. ,,,s:..-.  

0 



tut* O Ito tom" =  
t 	t Ins +cn c%vo t o 	t, a s slmva vlth 
vo ,o to Ito ca m d Ito use o 1cac ào C= t 
f1 rn 	i2t the 	thin tia o c cc 	o 
gtQo t 

44}4 • 	L q' 	L'. `ro90 	3 rd a t 	r 	{ i, 	E 	> !!k' 	i •3 	VO74 	t 	y 	+~ 

+a '. 	r x" 	'ri ~ !i 	~~ ~ a~l~ 	■" 	! ■ w ~ 	i~ '~;+ 	a ~.; 

of 	T@ Y £ 	itUk, e 	r ~• 

	

qi •c.:" a 	 I 	a 	arty 	t 	3+.s + 	#~iF 1r 	r 	k' .ffi v+ 	i 	 fo 

' ~ ~.~ ai 	'a e . ~ 	'' v 	9r-~ ■ 3 	~ 	Vie. ~ 	~, . 	- 	• ~ . ~ 	 . r 	« ~, 

li-'.. 	.'M 	.. 	:~ 	i.. 	M 	1' "t•. _ 	al? ~ 	0 	~ 	 ~N t~~ ~iPle;~ 1F ' 	L ~ ~ 	~ ~i ~!i 7 ~. 

	

~+~ ~ ate- 	4 ~ 	* 1 ', 	~ 	♦ 	- ~ e 	# 	?' - 

► R 	a 	s , ' 	k 	k r~ s' 	+t 	~j'_ ■ f :{ ' 1l i [flis 	$ 	gw. 4 

i9' 0 	suca +.Ya Ito M 	v'7 	c c 1t 	oA *Rig 	0 cw~r  

Vivot1.ccQtc c4ij.:'ii 	t+'RX,L c# 	1.1 	+FA. 	FA.f 	,4E '1,?• 	 ci 	e 

ttt cot4a 	t' ;t to t. rc►cs0tti ncjctvoMrs 



129 
ELEGT1QI.I, EXCITER SYSTBMSo 

The biases 91 E, a ad 9, add up to give the 

total. grid voltage au 	by 	►►s and changing the negative 
bias locates the point where the total grid voltage is more 

positive than the .critical grid voltage Beg of the firing 
tube releasing it for conduction. Then the ignition becomes 
conductive by current in the igniter, and remains so for the 

remainder of the positive halt cycle of the anode voltage. 

Angle a of Fig. IVWU is called the angle of grid delay. 
In the above use of a positive and a negative grid bias we 
get a wide range of control of the angle a , and hence for 
a large range of control of the exciter output voltage. When 
the voltage is controlled by the automatic electronic regu .. 
ator, the negative grid bias : is substituted by a varying 
negative bias voltage frcn the regulator, 

ectro c 	ci ter.. l ca~ticn : 	Response of a 1 	 ,.. 

Main exciters and excitation systems should be able 

to operate continuously for long periods . and replacement of 
parts that wear out should be possible without any shutdown 
or unloBeing. This Is .required because A.C. generators have,, 

shown capability of continuous operation without any shutdowns 
for long durations. Xgnitroni. and, .thyratran tubes in electronic 

exciters get deteriorated and Shaire. to be replaced, but it is 
essential that this should be possible without affecting the 
excitation of the A•.X, generator. Electronic main exciters are 
therefore so designed that they can , supply fu l excitation even 
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ADDS NAL CONSIDER ATI0 Ns. 

of the generator, rather than the average of line to line voltaF 

in the case of unbalanced loads, if one regulates the most loade 

phase it will result in overvoltage on the other phases, so it 

would seem reasonable to take the average of the three line to 1 

voltages. In this case accuracy of a particular phase to narrow 

.imits would become difficult to obtain. 

v)  Paralleling ener_.atorr  . 
Such circuits are needed to get satisfactory distributioi 

if reactive KVA among paralleled generators. Paralleling circuit 

ense reactive current and give a signal to the regulator to lows 

he voltage if over excited reactive KVA increases, and to raise 

t if overexcited reactive KVA decreases. Each generator usually 

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

s mentioned with paralleling means disconnected. 
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DIFFER ENT TYPES OF EXCITATION  
RRGULATI NC) SYSTEMS FOR SMALL 
GENERATORS. 

There are three types of exciters usually used 

(i) The static type supplying excitation direct to the 

A.C. generator field through magnetic amplifiers. The voltage 
regulator gives power to the static power amplifier. 

(ii) D.C. Rotating commutator exciter. This supplies 

excitation to the A.C. generator field and is driven by the 

same prime mover - as the A.C. generator. The voltage regul~ 
tor controls excitation to the D.C. exciter, which is usually 

self-excited. 

(iii) A.C. rotating brushless exciter. This supplies 
excitation to the A.C. generator field through silicon diodes 

from the A.C. exciter armature. As the diodes and exciter 
armature 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-i shows a regulator of mechanical 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 to a spring, a change in position of a mechanical linkage 
is achieved. This effect is transmitted to the voltage regula-
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 ampli-

fication. The use of electronic circuits is being superceded . 
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DI FFfSR RNT 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. M ngtie 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 exciter whose field is excited by a magnetic amplifier 

regulator. This has a comparison circuit, producing an output signs 

varying according to the difference between rectified generator vol-

tage and a reference voltage, a pre-amplifier, and a power magnetic 

amplifier to supply the exciter field. 

R-C networks or stabilizing transformers are used to achie 
stabilization. These fields back power amplifier output voltage to 

the pre-amplifier. The reference elements are cold-cathode gas tubes 
or zener tubes. The amplifier is a combination of semicondiactor 

diodes and a saturable reactor. Power to the magnetic amplifier is 

supplied by the main A.C. generator. For a static exciter regulator 
of this type, the power amplifier directly supplies the generator 
field. 

2. Transistor Type: Fig. VI-3 shows a semiconductor T.R.M. 
type regulator for use 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 regulator) and it -can 

be switched on and off at a rapid rate. By controlling the on-off 
ratio nr 	 -- - 	• . • • 	•. 	-- - - 	- 
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DIFFERENT TXPES OF EXCITATION 
• AND REGIII ATI NO SYSTEM FOR 

SMALL GENERATORS. 

exciters and hence also the average field current. The T.R.M. 

regulator can be used only with a direct voltage. When used 

on a brushless generator or as a static exciter, the direct 

voltage for the transistor is taken from a separate source or 

rectified output voltage of the alternator. 

3. Saturb g Current P.T. ty  : 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 a current 

winding for the additional excitation required when the generator 
is loaded. The design of linear reactor and the current winding 

is such that the system adjusts itself for changing excitation 

requirements as the machine is loaded. The voltage regulation 

portion of the circuit controls saturation of the SCPT, and change 

excitation to correct inaccuracies in current compensation due to 

saturation and heating of generator. Regulator has a comparison 

circuit, reference, pre-amplifier, power amplifier, and stabilizing 

circuit. 

4. Silicon-control d Rectifier Types  Fig.VI-5 shows a 

half-wave silicon controlled rectifier. A brushless exciter excite, 

the A.C. generator field. It has a stationary field getting power 

from the regulator. The controlled rectifier becomes conducting 
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DIFFERENT TYP S5 OF EXCI TATIO N 
AND R 13GIILATING SY$T104 FOR 
8M4L1 GRNRRATORS. 

after a firing pulse is applied. The SCR remains conducting 

thereafter until the applied alternating voltage becomes zero. 

By controlling the phase of the firing pulse applied to the 

SCR, the average Voltage applied to the exciter field 'and hence 

the average field current can be controlled. When the SCR is 
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 circuit, which converts the comparison circuit and 

pre-amplifter signal to a phase-shift signal. Silocon controlled 

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. 
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