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NOM CLi ATU It 

member of t* on cont* 1► 	I..(wb 	b 

is co 	s$a4 	fl a5 	' wash 4.0. 	*0$,) 

(umber of % r on era a%mil W$nd&fllj #  

rrh 	r + 	iv'yoitng. is appZ isd• 

~3 *bsr of turnw An 	&two% wind in 	3 s to  

Wbi!t, cot.s A c. vsi$**. is applied. 

current 	" nt 	1 	windins 'si 

Curr.iit in 	nt 	1 w 	* 	2 

Cuirent in co #fit 3'L W A 	'+ US 	Ai 

later r of t*r rw lb lend vindins. 

tput 	$ 	*nC* of lend circuit. 

rr Induotano.n of bed o f to lt. 

- 	, +pia elan$ of load e i *i 

INO Total 	ontr.i eap*'r. to a.. 

d.e D.C. output w*Ite as the raGtlfier brAG 

son 	Sp~M. d in vs4isn. / ***o ni .f 4.*. to v. 

ft Motor *=star r sistenc*s 

13 	Motor n $ui. 	ucts* 

'o 	Motor n n cat r $160 constact* 

Ik Meebanisal tiss constent 

40 	Moment of in r% L► of thw J tat r. 
V aasu. friction air. ff 	n . 

e Ckt val$mg. *oneten$ 
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• A, 4 ' 	3,p * n$. .r t fle*. iMuQtfb 

wad tp n*$ois$ o f 	n i w1M*n IM 

VOl st. at g*sritor 	 1 ► role vb b 

psøportLonZ to ,gip! to r spud.  
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0r C. gotoNo Mr* used for special pupos 
drives, wh.re it is n.*orss* - to as nt rai ripsed, torque, 
power mse of aeaolorfts"s and r.t$rdatson etc 0Wav4 

canard P~r*nctpni * of spost control .Ss in Trent use 
today Sn v.ry many to ras. * w. a day. gonnr$Lxy 040. 
supply As available,* To Oappl.y the d.c,. rotor co ►vorting 
units are requf re d6 

A rohue. brio* on a~rraturs Volta control: eastbod 
of speed to bull*. The Controlling unit being ssr&Ss 
eaturabl. reactor &ad the converting unit being 

atifie, bridge. The principle undorly'ing 4h. 
a ► ra is nrplafno d An the f+ UaV ns linos. M the 

ad .its reses the current through caapeveating 
wjnding inc roales. Hence the asp. re #ate on late» 
amble reactor  co rct increases, This results into 
higher saturation and consequent red cticn in 

aCta . of entnrabi. reactor.. So *1* drop 

ocr 	Atreducer, Thar the voltage at actor 
ure'*x. tez inalr can adjust itself. with load 
changed in a d eared nannar, resulting into constant 
speed. 

Tt* saturable rrac to r has been ao zis t Utz trd 
and used in the sahnne. An attempt has beta 
to Onalyse the nohras. A *etheddloay has also VWmm' 
Posed for aittr r.nt speed rst$sng$. 
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~► 	i sty 	= ~ 	e 	t~' 

. 	MAIN Mk?WDg OF SUPPLYINU  
AAS4T ~►T ` TO 	2U 
or a co ~8 ram c SUPPLY 

1.4. sco OF WORK 



E*o 	n of ledusir .ativltg.s. as* alas*I.m 

it assufartur&ng presses and suto*stios of #Mtn►*rrai 
r r►e•..oo Mv. $z's*ti r tusrosied *be use of astrs and 
tbeir oe*t$1 Ln dndustr. W 1 # sIestr motors wage 

tire* 	+ reduisd **at cr nt rol was used. Kasy India- 
trial  pAc.s * require sutenatis sentr l of moto r 
sa c s rd is to the presses vouirsseate. 

* t*s Con*re1 ' is ons of ' 3e water to ssb3a ► 

Au%oast id *a nt esl. AS i e stem Mvantags of sagnetie 

c+o at rl S► tbs *a" with whIch b s p. rfernnr. of t. r 
can be odjuetod sad &Mai ls** 

fl,.. ph**fir a. a poser is available, today, AS 

*11 industrIal areas. So geserally s. c. reto +Are used 

vbe Wo drive Isquireasats 05* be Oaf$ iO f d by .* ► 	+ + 
# li chs +stsr ►t$cs of a•.. a.to %fit* 40 d. c. povsr 

dtwta~tb ut n `!*jadustr1*1 1*5 $ a mon se o the use, 
.r +i.O. 	:err !or, d r ~ti applications  Sr dei resr ate. 

'heir p r*sa it usr in for ,rpr+ .&al purpose drives. wt rr 
it is u0*06ssry to e,atr spaed0 *s root re r`, site  
at 	+ rl oar tSsa ►ai. ret avdatlon d ►usa~e't r Ib, 	a d 
is forth. 

'Mar %be** drives which needs tier sips nor aped 
soatnl ahamel.rin*#er at C.a# uoto e, individual so r" 

vsreIss unit. #We provided to dessert *.c. power two 

7J 



4 
IM dUtpib*tlon cyrtea to d.c. p*v.v for .e,pivins 
ja *emu l d. e. a►to . 
. NDN" UMIM UP SPUD! C!I' Q or r c. Sun? 	R 

The •utsteMi *ha~tor*stie of C. c. motor 
to Its ndspt#~btIitV t$ oo*itioi of its torque gad spend. 

fl. steady iteto output e' r►oteristle. ax #Avon by 

T 	, , 0  
&* 0 Vt 

WZ ant V sv. * 	•tes4 y s tetu moues of t be 

*ant fli 4 by d sit $1 of the $rssttarwr v# ; ►*f C.1►'i ►i 
• t torque 404 speed **A be p bt a* 	d by, v*r&ftt *s o of any 
of *bs qus at it ies 	I !, 	lia 	wN 	►', 	. So t ba 	.1 it rt 	d,9 

of spend *ontwol at 400 OStOz' re# 

1.2.1. Ar.sti&rs Rsistsncontv.i 

Thi speed + + a be reduced for a g4ve* torque by  
InsertloEk of as adJ st1 bte rosictanOC in as i F vit I 

s rnstur.. This apti d As used err r st 	or for ,hart 
time slovdMvns. The d*ssdvsntsi. is pov.rless in resistor. 

1.2.2. Constant Arowture Volta t ► 	,. fii+ d 	last 

This thod is simple and satisfactory fez' spend 

control of sheet or compound ester over $ spo.d range of 

about 4 or 6 to I . This field eneitsties it sentr11ed 



by r*rfa Ior of voltage &►as l$ to 1 Lsl4 s *r uLt of 
by an SlUmssblo a ..1.tow in series v*th it. The 
power 1•s is ao*ps*'sti r1y sanU, 

1.1.3. Comstae# A~ ►+ !!x 	rr.nI. 	1.4 V&.14 

EM Løft 

cklsf ***U*ls to m vi* p spy noly 
of this method soems to be coartan$ ostavo eispro*t 

1.1.4. con.tsst 'A.I# CCr n* nta U.d Wit* 

low 

This s tos is tb. most .a*onZy u.sd when 
WLMOI or " ra t eon  of speed is required *" r 

a wide van** to both d i et 	of rrrrt*t ion. The 

eontrelZ.4 sr to 	inI.tsg. soybo ob trained t; * 

coat relied rectifiere x" ►+ pELMt p power f os a. p. ono Iro 
or AS say be frees a ss rrat y . -itrd d. o+ *snszat p. 

' ' ►IS just l• u otu volsaps syest a of 
aeter sp*Md 4onI I was 	r.nt•d by Wopd 0 	+ a fp 
Titig Ar n v t days tood for WS4+ variety of f+~rodb$ck 
cant rl . tsss. to tM iw o ri roil Oahe". a sops ra#siy 
oxoited 	►w ore, was *$*a oar power rour** and voltegs 
a43uotasist was obtalaud by s jutiui the lenusto, 

field. ISOWLy, the *dJsst.bXe felt*se system was 
weed on 4rLvss w.gs&rini close speed soa teal over 6 
wide rsu,. Eta ►le* of •ppl *e$taraa are stool *his 

5 



*ill s. sins hoists, psp.v soking Sachs w* * *schias  
tools, The seat Liortsnt cbsisetrLstlos of Wsr.  . 
aensv4 +' controls *y be Ou"ar ed as $ 

1. CnsS4srsbl• povs r 	l &fis at #0 n in tst *n 
aeebin •sebl4n driven of lergep ret iáge  
to be eoiatvLLotad isjng relatively low 
paver nantt sleet pseic, t•chalowo 

so ^%Salty' F p' vid• of '1e.s apsad c►nt l of 

d c.. wtor. 

3. Ab l*ty to provide 4" or 	torque st, 
*0 tor output •hsft. 

+fir.1ssy adeptibility for sit)*r annual or 

s*oe*tiC control system*,* 

'b s r .Ln 	' prinsipie of erasture  
viltog. control of D.C. motor for speed control is: 
used Widely with differont s.c. to 4.0. c•*v.rrr.ton 

un#*n for r dig r ap.n loop or outosetic control of 
stow speed. 

t. s. TMM IN anpi Of SUPPLYING~► us A . '1 
1 AMKTU OF 16 C: MMR F'AM Awe Q SUP +L." . 

A. Shunt Gan*rntar for Supplying motor ca to 
pow.,. 

Li. S.acen4.ueter rectifier Pith induction roØuI*top. 

iii. ! yea$ r► a rre t ##. . 

Awt l%*ton rutiflars. 
,• 	t$nst!s aplifles. 

The nee of d• e# motor at w &vea sot to the 



plant with .'spot conversion' equipment to the most 

economical method of providing a high performance. 

adjustable speed drive. Once the conversion equipment 

has been provided, speed  control of motor can be &Coo 
pushed by control of armature voltage with little 
additional investment. Hence adjustable voltage 

control is used universally, Whenever 'spot conversion' 

is indicated. The c ha araote rio t ics of above mentioned 

conversion apparatus are given below e 

t.$. I.  Shunt Renerator :tor Supply of Motor Armature 

1. Voltage and current can be easily reversed by 
manipulating reversible generator and motor 

2• Overload capacity of motor or and generator are high. 

3,•: 	A• C. and Di. C.. circuits are independent. 
d. 	Ao tleat.ion of 1 . C. load peaks In a. a. system 

Is low. 

d.. 	Use of synchronous motors for driving d.c. 
generator will Improve power factor of a.o. 

system. 
C. 	Maintenance is high due to mechanism wear 

but easily ava tisble. 

7. Noise and vibration more. 

8. Conversion eff iciency  to comparatively lore. 
Excitation requirements are high and time constant 
long. 

7 
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1.3 $. S a"*md' cter l$ Ate.§3m 	,. In0210-B 1WE #L.Y 

to V.ztaeu V*SRI t OI is isbsx stty 1 . pov.1~' 

fu$or and coxivsr. n •tt •3.nipy start high. 
*. 	ibaso *vs so pwoblea* An a.gas4 to d.c• 

3. *.C. an* .ft C. power circuit. Sr.soa*a cts4  

4. r. # ø ti*ø is SLOW. 
5. r r 	parts of induction ragialotors r.qs 

ito.nt 

1.3.3. 'Th 	+ 	n R.ct.Ltio s 

• !oonosiss1 in law b. . also$# high •tfic6 y 
low * s 	10* pit 

to iP.ry i w Cont 	"Wow ' q*Lr'o nts. too' 

spo .. *&'our z Z5t*4 to a kith d*  o0 

Of S+ C 	't f►+ 

3. W.ilbt° and .ps e isquiresoots a low *an 1 
"vl 1 soustod to % be I*W* V b. p. t i* . 

4. 1h **r hhe*s$l ra&*tryna s. 
J. 	Tubbs* poquir. vsrw► up tias. 
4. 	 thr *u. is ha.$t.rn b.ssuaa of be$ osthods 

to COspistoly stotic. so a ' nieMl. *s**t**110  

to # 1~u1v!d. 
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s. £ft*r&.*ei % power fsetor sr. kiKbi 14es1La 
losses. &No .'mow. 

3. Tier Sonst*nt to •*$1O*►.Iy *.s t0 	at l 
w.r re► aitorsonts sxo dove  roluloter. of 

#* b recur ty Orr pr*cttauwb s. 
4. rs lo s *q*ipment M co 	t. Spero'* Vs *u' 

F s+ * end v# i ht .re low. 
So Cool* Wot. As fOoded. 
0• 	t ►+ uttiixotitsn st 330 vults. 

I. 1'p C. said i ►. circuit. are n + ted .coat ri. 

A. 	osuss of chopped  up D.C. •+ ri nt waves • 

*be$* may be **løphoz* t• fe*s e p ble . 

1.3..5•  fge'1 jC J► ►X4f e 

cosponistU inherently pos sjee long life. 
2• Tti i to NO Wkwa Mp ties, 	that VOT010A 

•qu*pa nt to 	s d*5t017 .vs ablo. 
3. Ploc, spnce i.uid and weight ers low* 'here 

ore z a ssudst ion p rob* ss *sd tho cor*vswtov 
is *book and v*vetión moisten*. 

4. Tbapanee tias to short. 
0. &fft.1ae.y of convercien is hi$h end tar g. 

3rw rs15 s*'. 3.ov. 
S. Power Isotor to low $$ 10w apse ds. 
J', Over lend *sp c &ti is low. 



$. A. C► a 1C. circuit. are  jatsrcoznseted 

Sr 	Fa* oeul*n is ns.dwd 1r efttaistit ►tii tsoa 
of ** *vs tl terisis. 

Thus *t 	o9on t t a 4 •c. motor Control 
s*box* con be built *tit. ai bOs4c A.C. supply sad  
*sky' one of above acatis fled convert 	and & tui 
v joge co.otroilig aquipasata.. 

1.4.  SP C OF TI1 WORK 

In this wp it it was proposed to srroabble S 

artheas for speed control of so rot xy •*alied d.c. 
a*$o r. bs achene Am besid on bssic Wy4 LIMO. ld 
' 	1t p 	r vies satusrabI. feactor is to be r.d 
to astral the vo&tage at aster Seftl"lo when 

p p d. fros A.C SIngle ph*** supply through roo 
or sod reetttler 	s 1*. unit, The ratu bi. 

*C T %ad other unite of se n* are to be coas$ruo 

Sod and the circuit is to be 1*5* t*7. 

It to also 4..ired to analyse the sob • 
and okook for stability of phew*« Zn she vS the 
w*s Cosprises at I 

►. C.es$r,ct farn of +co 	atet.. 
2:. Study of cospanosts sad setting of ashes. 
4. Tooting of the scheas. 
4, Analysts of the ssbesr. 
S# A*d to propose g.a. 	*hodol•gy. 

10 
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.t. SA, VA~MS 	 TOR VR 	 AWLIF.UR ONTHL  

of D► C.. *flUR 

►. t & or current 	A. C. *I" I # by. . 

au*itiar r d. fie. • seer it a t n to err ' the 	O d$ t e of 

sstur►bLe z' $c 1p vitb the load fl. been k** for 
saity ' i10 ♦ 	n. 	pl$cfti?n has been the atwal 

of &lott* g %**do. The early use of eatusable wee** 

tor" for estos ornt ►l was i 	*oa ed by n.QIt ***t 

4.veløpa.nt In iCtttiO Vii'. In "Coat ,*Ass* 4xy disk 

a.1 t *f *c rs of asl n iu*, or co ppa r a) * #O 	proved 

cone *#r fl' * ao . for• a sOla if*C*t n of lore[ 0Urre $ 

order to obtain d.g. output. 	0tLti5** fr 

contrel of d c. sotors were first used about 

o aws adoo , but until *Id "$$ 	that 	kmad of drive 

r n.t been of major #arse&n.e. prinarily b*caus• 
of . *s.iv ly d pi► 	speed 014 +•u o. ' e.nt 

online. ring dvi*pat*.hew .v. r. 	 v d the 

*r#O a a .f the rectifier Motor a ter so that it 
boo b *. one .f the 'it rt o 4 4 `i'.o+ 

tac tb the dovalopusut to rectifier t.chb ** 6 

the Use at aegnett!e 	lifi.sp or s t%$ l• s.' re 

in 4;• 00 got4 Opsod Control systeMs m"oest rap 2417. 

Pp51 *atl y one O t n• s* t ► *at and vsi it rpp110 
cation at saturable reactor tar + r alnett. seplifter bee 



** a t# ..*tiro$ of the 4006 *4t• , p* t 1 u1a!r2y 

sal !#• It Sm lJ.fl,riy **itebl. for poVez of the 

• rd.r of a tow kilowotto. for k er pOV.a, - 1 *60 — 
not** it is 000***1s*1 to ns*r 	øtspy sspiifi.r. 
Saturable sore devices a tf•rsd & robust r&#. t i 
to *1 terry *s e t army for control of d„c. rotors. 

There at* two osin a 	; for on 	ssrl * 
,poor speed re*l.tSon of *he olso.ntery reetitSmr 
4ive for. d.0. mote , 

I-- A. 'list u r I 	dye 
$• onsequent 4sez see in orasturs voltsger 

 * ]Later e aces is of prias 1s a onee and boo a 
p 	a nt •ff et on the be1sviur of 4 restifier 

rjws. A closed loop 	►ems&t n tow this 4w. *ss 
to orasturovans + ` sts the *p ro regulot*en cos* 
+fir va*z y. C100404 loop r. 1atO r* hove born srss tr+*Ct•d 
us* ' iar L onsv4 syot1cuw *si*g either tbyvot s s 

or srsa~rt*o .. Il#iwrs to cntrel gon t.r fisl4 •wrL 
**&asp. The rss.s t . dvout of 0#4094 co ut soil. d 

rootit'ti boo as* d significoot is . weer►nti. to 
be sad* to *fir S* type o t• ..+ ~ sp*+ st in the tollav 
Weiss 	 . 

3. .E#lt saucy 

u_. 1sZDba4ty 
iii. P r r rsonco 
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wftaftyo a goad *tabsr" of el!s.d loop control syst.aio  

have b*•n divoispod ter *n *s Snots sopi d#tr ro. 

fit. 9  RV 18N OF .1.IT 	 ►' 

F* t study of ljtpstur.it **one *t 
t 	d.v.Zop ont at a5 t*C gripl #ler eintia ►llod #o*er 
so very rec.ut. 	tt rarer t tjln tvo toC ad # . 

$.Sol 
k s given S sirtuit for v.1t 

eoutol Ust 	s e►tIC 	llft.r wZiob is furthor us*4 of 
.pw..d control of 4.0. aotori. 	A p teat v$* cat sa d 
by W. V.tb and p S. U.ruor on Sstrsb. vo%etor W& 

olA 	control •yst.a 	J r 1 4. An £Llu.t toE 
d.ncr ►t n of ► Ce*biust u of oS1*ss►ble rooster and 
*Ionian r.ct itis z's for Via! nip r 11 tug loft motors by msa n r 

o t a 	srd set was $iVOn by CEO. S tc tax UVA IL 

Wiltstag*r. 	on**&* • .p1$f lar control of d.M. sen. °' 

*or 4r .vtn a gawp of d.*. motoro for &*ours*♦ eont*sl 
of ssistivy! 0p*0d and out in a Continuous press**# is 

(2) 
daso*ibod by &G. der and DC. P.tt*S. 

$02#2 
(3) A. X AIM *ad J * Gw l Isom 	dealtt in dotott 

shout *a uel to a.pl if w soot rc l at d. CL. aats x.. They 

U r * an SOMlytissi and *.ris.ntsZ otudy of the study 

state o .astt.n of 4.0. motor with 	Stu* power *upplisd 



th ueb motalse woo t*.r. an* va*t 1 .d by sat srrb%. 

we t rr. They b v irisribs+d the f.IZovin* 0*ses. 

+ p.rt ion of & 4.0. +rtetor waltb. *m& t* 
1t&*+, 6troI by aswnette "PlIft. . 

ta. 3&t r*bI. Qct&r *Outfox of *rM&tur. 

current and 

Its. sg ti# 	**tieV Ooze 1 *# *xctr  

voZt&ge with coMp* *t#ou papert*o * to 

&rit*re our ate 

lb dser3b ireepecIf1o$Uy, the .'io+! tD ta* 

t r&ø is r t *ern o f thr actor were det. tn•d r above 

nt *o 4 e *, The *tfo et i.' ni* * of . j Lo f.$ s#+ 
*# i * t 	and the tie. of 	 . ,: 

duot It we* a*to -rta . d s 	' Uw 'fib ova* & r*gww 

1a 3s. An e r cr*on fr spe 4 of the *►taro fir, tort* 

of torgu and tiring a g r 'tea derived. The firing angle 

to ar.ua.d to be e, function or s atzMZ •u nt only. 

cireuit* r .11 above rnsutt,ned a .s alone with . .r ► 

ncutftl eu* .s eve &'en. 

'4) 
W. Lerabard 	prrsen 06 a paper on '$preed eontrei 

of D,. Meter using w * g ► t to Aplifle' it don%* 

with a#ep;iti.d analysis of the 0000 loop cysate,irntL.. 
Of A Cy*t** pus tsE 4 &$fl5t5 caplitioze far sp*•d + oofisl 

of eep*a t&&y excited rotor with two oa$*$ 

15 



rectifier which supplies to the srastere of doe. motor. 
V*1001ty feedback to iih#eb & lt*ge pVoVOrtlons1 to the 
sped of the motor is applied to soatrol Winding of 
magnetic. aap11fler is desarited. Tha orator is driving 
A lathes  S*perin*nt . veeul$, of the cyst.a are g&.vea. 

2.3.3• 
A s iasp:e C s# Q loop • ApOe d centoI system 

for the repera e1y •garited Co, actor with conotant field 
• i s* 10 *, using a eerie eaturabl s reactor is assembled. 
The Sc be*st t* diagram p rsse nt st n of it 10 shown in 
pig. I . 

The system consists of robe following cnsposents 
is Seperstely excited d.e. motor. 

1*. A series s*lersble rector. 
'1i#. A rectifier bridge. 
iv. A doe. generator ceupl.d to the molar 

Thin d.taU.d description of caap sale follows in the 
next Chapter 

2.3.2. l  +la rlrlli a f #_tie S Thte 

The lest errisd lag* of saturable rah*loto r are fupp.' 

.lei f rem the 230 volts e. e. terminals. Tb. $..4 
w ind 1' to further ce n e et e 4 to the a. O. t* ii issl C f 
eutoe* vest&fi.r bridge. The does terminal of r.sttrlor 
szc •eenseted is ee rise with the •buste4 sentrsl w dais 
to the armature terminals of the actor. The meter IS*&# 

17 



10 0op.rst•Z r exalted and k*pt 000ni&n t. T1 	t•r So 

*ochanical y. Ooupled to a d.*. 1 noI3tor vbloh a ng 

with oonnsot.d load oonas the ps or..d of load on 

the noto. The 000rator Croature voltage to coop`s+ 

with do. re fo re e l % Ago « The *VW '#ro i to$o Is 
fed to * ► nothor ontei w in41J3$ j rd o f omtUreblo 
reactor. Th• third control Vinding 4 • is dep ratai.3 
pravidod with constant voltage d.c. oour o-. 

1.3.3. W.r*i*g of Ike Symtóit 
3 	1~ 

Tb. o ; of the * ten is to hoop the solo r opood 
Constants # oopcotivo of .e .r 1* 	variation• at a 

p rasoat• value, so oa to sake the spool of the color 
indøpondoM of torque L.. I*►** cu groat+ 

The s. . sip y vsItago Is rectified by e l i 

OOt-Itirr arad9o* viic"IS is C*z%x*i od by tho o*tur*ble 

reactor. The lead wiidtnd are OTappl3od by 230 volt 

0.0. onto t e woltag+o so os. ibo or.*toro of motorr is 

04justad by Controlling the current in control winding 
sa to got the dowirs d sped at a loom in between s 
toad &at *a* ua toad condition of the sole re lbs output 

voltage at $ ho generator arsaturo I. ***Paved with *oaaoo 
list A**,. vof.rr.nc• volt , 	90 that so error voltage 

a ss Co 	the •oat rot wind] $ 3 of saturable logo* 
tor. The poior neo signal corrispesding to don4ved 
•good and the generator •rs*toro *grains& voltage whisk 
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is prnp+or$ional to opM*#'ore eoap*54. The entire s3►e#00l 
ores to keep the** two voltages as nearly equal as 

poi*tb%* • "~h*A fitlon*l loot is thrown on the Ma ► r 

the current La: the sea * * &fault and hence Cent,o& 
w jnd thg I 	r. *ire . Also with + neesuont speed 4 p 

►os ter *nture tcirine1 voltage drop. &nd an . a zo r 
voltage develop.. across central winding g# Thus 
the C.OM control 	liar 	iso"Aweo an storable 

reactance o f t he reactor+ 	so the drop ao moo it 
reAUCOs. so that the rectifiu supplies so*ewbat higher 

armature voltage saceesary to saistath th spsratien of 

the rotor at haired rod Speed under condition o # increased 
load. 

Pr .porat$va with redue.* lead reveres phesemana 
takes place. Less current flows in santrel wind og i# 
and the # $! hiss e f current in So et rl v *ng 9 to 

reversed due to reversal of error Voltage pelerity.' #s 
+nano+ WOAM0* a* in cent ret aspe,s tumor oa r, turr►bi+ 

s5toW Coro increasing its resotans. and so the drop 

*5*0as it *nere a ,, co that the armature ws*tifisr 

avpplisa. the sosevbst 11v'ev armature voltage necessary  
to maintain the opsr'tion sf the motor as denied *Vasa 

*art-op 	SLon et reduced lead. 

!tr operation as any Oth*r opsrI* the reference 

Voltage GO the cent 1. •r:rzcnt is Sent rod, winding l! 
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are sdJ tid which ssaad roSrixw$c. ifv.l ct Asout~e+ni 	. 
%"or* iii&r*. Is sbanood . Similar opsrct ion **Cups f'.a 
this Qplid 111UI►**logo 

This t hs c ystu is 4*c &iM 4 fora**nt*inicg  
the •p•sd bitty .n tha rings ii *00 to 1400 . p. m. coca 
tint at %bar Ut vslu.. 
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.NNTS or Tax $"TM 
3.t. D.C. 	R 
3. a. . SEf S SATUMUI Rc1OR 

a! 4 XETIt ILS O SATUMBLS RMCTOR PIIPARED  

A' C. NEMTOL 

a. e. 	TZ ' 1. •. B W: 



3.1. '"EI a! i 9 OP 'SIN &l= 

J1 4•s ii r t 	.t h►g ter v, 	t u Sri t.* f 
spot * .t * yti, X71 fats of 'th follWtnl main sr* *ts. 

I. 	to 	•p..* •f w1itb '1 to bc o rult 1 .ode. 

4. Do!. 	reSetor" .t.r 

wit tucr1pt1on Of t s. eo oas*ts so give* 
t 	f 11owga g L,* s t 

3.2• I, 6 	R 

` most .t uiaa 1 y n ra.4tfb*e M unt io s p+ *d +fore 
V $art 

 
of *o ily use %be d. c. r. re rho aO at Used 

ws* bb t 	a oo*, spa# wound 	r* Us r&Uns* of 

+fit 	to r bo $sue, 300 w*t ta, t2 	vo1 %X 9 0.46 	o ar 
and I $ 'L P. I& 't8. a nture of the ator 1 
46 0011. cash of SO turns V6414, VAtb P. 22 A. W. t ► 

~rAM . The *bane fl *14 coil c z g,4v is of 2000. i 
• f Jb e 39 	(0,0113 4*O b) heavy fo * 	gnat 
wit# one t*35 eV** U.14 *oil is Not #oil *arms at 

if►* to AWO • (0.0403 &00h. 	avy w * ca rt w#r.. 
' e actor to 1 r# p gyp►Vidsit with a ss.lini Sa . The 

srri* $u xa t. rn. ►*1. *0 na to d *s A1 and 	, Serbs  



.*rio* *e14 + , L0 so + t tsnd shut f*. 

t.wt*sl* so VI &r4 PS t t to* tt 	b.* id. 

A s s nt , ►tor It soy ba .p. t.4 by d ial'  
sinu.otin, the sort** fie14. ;t ►lc. on iesol 6430* 
mgr is L s.p•e d otoy fire + t 	r i drtUr ►,r 
hand sows or other s1 p eb +ws. 

In the OW000n* $wood conZxsZ syatoa. Ibis 
M* r is Used go •tp►* toffy •*►its►d 4.s. .tor. 

This 4.*. soto r is oo ►*oar 	a 4.o. g0 
vb,ieb r~rs* ss thur Pam*** of Zos4tu the so or. Tho 
motor La, tested for voristion of s ►a4 wJt rout 1Usd 
4.0. 	l s, VsV**ttOr4 to , os$r. w. s r 26 uurr.nt 
sod Lair uo on toot/ shaft vol kept ao *ont. It to 
f und for tho V%rint on of spool fre►a %0O It. P. U. to 
$0 	P. M. Tbo sori rope i v*ris*ton .ro tSzed 
to £ ►tu r ,.lSsi. i$ fros so l' s to too vale 

t # Mi in r prsip. ads to airist irzi on I%. *. *i#o *t  

yne4ti?`. r u a VIP Vol%* Ss 20 ► volts *.. Tb. s$oad 
e*rwa for lobe, rotor P when * toe to et*l re,  

? ►* 49 f4l wov. Vest If r 	4 U* 

Ts sosiit c■ &ad Ln le, otdos of field 
sad arasture woo also or*0urs4 s4 the Val**. rosd 
tabo 

If 	+ $ ► f t ►o. 	 I ohm, 
lot 	* t.* Mary 	 1+5 	1.? sUUi t hoar'. 
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. 4ts for 4.0. atop toot* or* g1v.n bolov. 
• ! 1 tt° of *a"&art ysi!rate' when Ou p Ut isr i** 

j* X11 $ $ 	ò *0.4  m 

v 	40 to *0 too 1*0 140 1*0 1*0 

too 	a $30 son* logo 1315 1000 

to Voriotion of et ..4 !1t trqua ►x . Lth *+nstft tt 

opplIod " .toso 

$upptied  

Vohs opt not4 &t *000 l$o 

`* q u* 	0 31* 3.13 4.5 5.5 0.25 4 	12 	*3.0 

$,304 1 

%*& 	0.0 0.7 1 	1.2 	1.3 	.to 0 2.2 	3.4 
Aso* 

Theoo results  ►r* shown grephicoll p In 
ft l~+t 2 an*SAn ws 3 osp.et Lvtl q. 
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*. 3. t. Sri.. Saturable N►.* %* 9 

This 3o th ispoytsnt +eoappn nt or *bs sys$err. 
'Ssl*ra 1e H.+ tar' is dsflns d in •St*sd*rd + •finit 

r Msnst4s 	. 3f i. sir" 	as so .Iøe$*.sSlnStie 4.+ 
too# •sp1syin oss or fM sen 	sr seisetis + It s r 

*d is s.0. etreatti to SOSUPO ulpItfisetiob or OoM; * 
"only` b '` *+•t* i of ! d .o. .Lsssi vbi►ob ,u1ul s• the 

s Zis.rity. 

Ti* err s . pox"" of * stu r b rso tor. 
a* 1ss1os04 by Rrg r and Prinkntieid is  1* to Provide 

w setter* 	*ati 	sn conta 21 mm the cuvrsnt s*d 
potent*s& La sa .Z tv *1 eliosit .r ay t * et o* u*ts 
wh*irbyr the sss rf hesvy ,evsb1• p5r$s WA# . ►s Ltvs 
*ppssst * , * 	t.d s*ad s p*s a#feet v. moons *vS 

par ld*o in *I&** t rrref and Smooth and t*niftm 
vsristjons to the circuit  s obinl d ter the pu* 
p0*5 . of r.gislstion without * of s .t l*s it y of 
Cont0ots csrrytn lend .uWr0at0N, Thus is e e s, 
•st ursblf wso 	say $ustsb1e ifldLCtO is whieb 
the r *t Voltage rclsl*ons 	to j tsd br eaat * 
Of *o*. f.. *ppllood to ..rY. 

Control Of 5.0. , ►si*ans of an oliotriaol 

cirsuis to se  .d.4 An nearer brsseboo of ol•strles1 
• w rsins tat the *star*hl* Core deVIC.N have be•a 
used to a on&l ***out !fir w this perpe. sines  the 
bepiuisp of century. Sstu rsbl. cow. doviese • tt•s'e 
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s.b1. vsasts Ili #end 's eat $+C # 1tt1. r ob$lI$n$.4 'tw tv 
.ie•tlo Ls ♦*ttty I.*t to a0V rs* floldo. 

3.3.2. a.s c P r4no 1e 

'*s s ►i**t * U0biS *00t* *ss0 Visas of IL 

.n 1s f vmma rt*o 00*0 (.&thsr oCtazI$uiILr.w 
•#rsule `) hvnw tvo v4n41n1.. ssxitl1 t a.** Poll o, 
lead i is ist$ afl4 IL d. e. or øo*ti1 winding 	r 

0 i isit op.rti.On the +0 o. w & ig , 	+ 000*0 4 to 
a 4. 0, aizoCo ot sntoi v.it$g. and tho oo4 w imw 
In$ to esnrrnot.4 in so*$** wLth the ► 	suppi  

'+~A this lair v*riod, 'tbo a *. f. of the CO 	lfld hens. 
the *"*4 taco of the 1044 1rt ing Is eh $ago4r tl++ b ► 
4ot.rintn the eoltILg& .ou*put *pparinp $ ..  the  

coos *.tio4 collated f, V e$t a ►fit r 
to 	s rr d hove ecoton rb 	o ar 	Ir . 
This .st.riol ehou14 horns o sear. (or se.cten l r ) 

M curve.. I sdditisn the sore aster, s s ttj%t 

Norte the foU,wisg 	DS ►ti,. 

*. Low htj.t.w'sIi *1141 itiy OMrVru t 10ss0s. Thai *s7 
be .bts$$*ri fi►■ sotsntsbs hsvis k*b resist ivitp 

26 
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S • Irss+o 	for and $b lt,p to bs. ►**di dO 
In thin laninstinue. 

hr Blab .stu;fit#on .flux .doss ftF, fl •#hAw o 3r► 

+ o net a pa s jtr * gsv n w44ght ► f 
nst•nisL to hove a # ► ry povor a sCity and 
I. sa ' ;tip artant k.x. low ws*lb$ units 

$t rOquiTo4.  
e. St ►b Uty of sser*tie *rsts*lstiea candor.  

conditions of vsty ss anpovaturs ss rss IA104 

at &** 

So*t* o r' tbs nor. eonaon * u * ful so no a.ti *oiip  

ate. 
I SjUcan *ron ahoy $ SUee $stsu. ?rane r, lUpr.Ll. 

U. Nickel tin n s4io r " Dad;*$s *. po rs.nonr,, or*bensl. 
10 1 i-  o 	e ao . ► . 	rtes* O y, 

Moh .raa .* s M**.twl.  

3.3.4. 	Da4i:sj1 po► 

Ths various t es of can.. *sad is oótsrsbls 
saeto ar eonst*ction can ha biasthy swt n •d 

two ma In $r.*pp. 
I. Ls.inst.4 cars at either s#1ksu stool* grain 

•or atod O"Oof s. .l or niIisl $*On s noy. 
IS• air* or sp ir►Uiy veas4 strip sarss USUALIg at grain 

• w*o sd stiiesa steel or Staksl mss. allay. 
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Ed_c 	 --= D.C. FLUX 	 rl 
+ 	 --- A.C. FLUX 

FIG.4_TOTAL MAGNETIC FLUX PRODUCED IN THREE 
LEGGED SATURABLE REACTOR 

6' 	 _- _ _dy 

>HAPE OF THE STAMPING USED FOR SATURABLE REACTER 



Tue ie*Ln*t!4 cove. A: r btu.M t #*n a *ad 1. 
pusab c►ir •t acid ,e11wd •***I. Tb cordr atd so 
be Lt tt t the but% is i is 4. net oil see*aa in the 
as** pssIt ion in • b aple#. mnninotton. Sot 
t io n t sb., pi nc. in the ray *boa o f the joint. be 
tb, *%So body Of the ► . The a *elt to 'that a +sharp 
•at ro ion Point on the t.st#$ot ion cuve. of the 

cove ooni e.t be obtoin►de 

3inslr, P ** S* to Car Cv t t o 

The t hrie logged **t4r$bl0 Pecetor in which 

4.0. winding to provided on the clotr'*I I *71b and ,fir 
windinge on the outer linbu *n4 sonneoted In series 

r V in ?► sr (*)$ the cent l 'b or the sir 
in used purely en n 4.., fLuz path &+s +bag`sLu Pig. 
the s. c. winding "Ind cc connected that ne n. e. firm 
of *d 	sl t'*Mgennefir' en.... thv.sh this pert at 

the + 	. The enter linbe eve used +oa return pstb* 
fee 4.,. fInn. Neutr*lL*atton of treesforner affect, 

for &a vo tsse .t *4 nt fro' .n*y L '1eoneevned 

scn+np *chsr **i r t**ei y in this enreneneat. 
Tb. s. c• fius eenplet.s the path as shown thv.u$h 
***Oat l sobs,. 

$. 3. A. w ~ __ 

I sr rindisge practice follows very 020001y *bat 
of t***ef emir s*Ohni uee The c•iis are wound *8 

b.heiUi feaner. The fsras0 venom t an integral pert+ 
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• t the vib *$*. TO* use of 	t. to pret*rpr+ 
in a* lqr 0*00" . who" large sab.r of tarn. bad 

.riettv.li tins vivo ars ward. Into* layer ond later 
0* 11 Canard*t * again follow t r' 	su* r vv"t too.  

1r.  

Sail fos.es for elsaping the ease such *i '044 

r. $554 in #hell *Y*  $i tisfoa r assembly a* t be 
0sa the s. c. *a slo a".  s s+ b3od *0 the **top 

ILebs t Claiping of co* suet thorofere Confined t* 

the 'gip and # lion yolk*: by cease *t strip or angle 

ter l# *& bed $ 	$5 avast you'* to poke 
than leakage. Faaki*q..kegs of bales *t may be ue4 
to hold the os # & An * tightly 	the spoo # To ri 4 ►l 

3.4.  WAL$ OF TM SUfl 	' A  iUPD 

In the present circuit it the saterOUP r**Oter 
to ward to very the 	 fd rs eat the circuit end 

thereby variation of sreetor. voltage to control the 
speed of the aster. 

**** on 0.e. aster above that for **natant 

output tom*, for variation of . *4 fists Soo r. ps m. 
tO *000 *0 	the .corrospoMin# voltopr change is 
free IM* volt* to $0 voltve 4... This rectifier too$ 

she  vi that for this v l #+age change resrp.*d.i►g C'.. 

swat ibl$ag. to the r.etilier torainel. be too to 
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00.0 	l t. r. m. s. This acoss It we supply $) s. e 
%out *e10iusl.s with *30 ►I • Sabo then tb Sho d 
be veltege 4rsp v* ifl betwe.n 30 to $04 Volt• due 
to •xtuv*bl. s►sc or. tow  s .d sont10* f** Aso* to 
$00 p,p.s. p, . 	 it is ss*ter# *ht all tit*. drop is  

ossoss * sstu ►bla "actor we0.tsuee. 

a.4.. Co rig Meta ri t 

The sore Is bbilt.ut of c.l4.'sll.4 cubes 
steel 'a' sr4 '1* l+a,so' for . A speota rn of It, .2.n 
with dissnsioxr to sera in Yip& (5 ? ,j ' 	4+pth of 
0010 is Uaod • u 	4 loSbea r wh et s.0r17 0.3 Ki... 

of etespiug.s use. 

.4. • flea tin P oedur. 

Supply *01t$$5 	130 ' volts* 
Sipply freoa,telr # * 00 s 'c 
Available soterisi for sore is cold ioit•4 S A ~ stoøI. 

Sstu t ton flux +ass sty 35 In I* $ 

Sto,**ng ! toy 	' 0.9 

T t$ht of Stank 	+ 	.4'' 
Width of the solo loll b 

m 	0a0 SS *.0t io nIZ *ears + f *art 00 r0 
As * #, 

so a 40 	t G. • In * $$,$ 



We have. 
a a 4.44 

. 	 230 • . ark 
4.44 a 50 * 1.1 a 23.4 c 

3.00 

6 

~►Turns Jul E * 300/ 2 a 

Miss ling$b it t r !fit pstb *2 00 + a at 4" 

` m8.11 curvi. fir►p $to *terr*si thi p* t 

rzcspondi to ! de $ter of t,5 0 j5 logo 
sip. t 	/a2 . 

a +0 
$00 

W 780 

NOW ils4tlni thi control cfA rsear t to 0.6 +i 	rs 	s. Si 

thi rb r of cszitsi l turns to b vjds4 a "a / 0.0 
*280. 

''1 ►** dsy &two bi dgrjv.d ft,* *to toad +e ur zit .nd 
Suras value as fr o 

Our load currant w ll bi dstsralnsd b3p the rated 
•*r rnt at tha 4.o. tor which 10 8.4 aspires. Apr 
4 c *1 lag t h load i*rr.nt to be 3.5 aspires. 
TAk la* t be awe rite value if 0* St rel current *0., p. 

r .**al aspire tor~r 
" t to . 300 a fit. 8 	N * 0 $ 



¶h..fer. *1 su*bor of tam pssv*d•4 on  

So l2SOi Th VS SVS s1s sve Sere 

co*ttvsl w*nd*nge p.v*4o4 wIth 1000 *t 500 turn.. 

thovo Is also tipLøgs prov*dsO at Soo 4, Too ..n4 
AL 

1000 turoot 

,r 304 w14**$ ts 40 *.W.$. i * uoto, AS 

0004* 

T2 *js. •f tho coMizoter 0  0. it8 am. or*** ..etlonal 

VS$ *f *be sonduotir 	'0.050 

Tb. **ad *n$ to p*vtdd *2 6 IOySr*. 

width or tbs v**dtnar * a a 015 * 4 *nauI'ton 

'2,f45+4 

s O!t45 an * If mis. 

* toz'*eraIs* = 4* 

0  10.2 + 2.5 *. 

So ***n Isavib of turn "2(10.2 *4) + ( e •.7) a 

* (21$ + 70) 

PO  Lot So v.s*stsn.e *f the load w*n4ing 11 

0.02$ * 
* - ---------.-- - 

0.*5$ 

•- 2.7$ •a.. 

Inductance oil 1041A W 
Ni 

L • -- * 

30014 t o o %$ao$ 
I 	I 

* 
2.$ 

Senvion 

a 041$ U.ar1.s. 

32 





The w ts4 an Is is *s by cr►p r sa adus t. era gs tai 
so ..,.e. ter l*sd vin4ing aa* 33 orris • fOr n&1 the 

tsr.. ntse$ w na1n *. Th. s*t*r*b alt 11Cterr AS 

eon titsto# *a 3 t.ged wNO with load viM in e 
bei*$ on OUISC list* *.n4 *11 the esetrol w14ing. on 

the sent r * hat of the 0050. The arthad followed 1r r 

istit mr and aueobly to $ia er '" tI t dMcriff►d 

earlI►r. A toiejssl board is also p v dw* toe *Okin* 

+ o► 	aaarr. The .tur*bl*s o r thus piep0r.d to 
tested and the U owt 	N0A' *ore obtataed. 

3.4.4. Nat V►rti&ts 

to Resistance of ad w i mp$' " *. 	Ogre. 

I. us a *. t nc es of so nt l .vin* inp I 

Winding 	A ( Having t 3O *mom) ' IS t31 . 

Winding N. *O1wiug 1000 ! sir) • $#fir * 
Winding N. 3Wavlug $00 ' turns) 1 3$ Ob.. 

3. Swoo r st& 01* to r Tsiirer fe r Chm sto eia f hra 
with Input ivoltnge 230 and load rn*istezce, 	n ZOO Obes 

1d d. fit: 	0 0. !K 	0.1 0. 11 0.30 0.29 0.30  {.31 0.40 
5*p* 

VL.iiid 40 SO *4 114 130 0* 17: *14 00 
040, 

hl•$I► ,4 	0.3 0.34 1.14 1.3 	11.08 If 14 	1.14 .1* 
0,0. 

I. 4... 	. 4$ 0.10 .63 o. eo 
Y w, *so !!s !04 !oe 

+iii ' 4. . 01~. fs 0!, 0$ 2.00 

03 
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Thaw it *an b* moos + ba# by V$Py1a the *oatwl 
saparra.towas 1.vel the wltago SCMoe$ the Uad os* be 

~rM4. A phto$r►pb of t2* aet t bia *'e*et r pi p*r. 
ad to chews as she ► loixi Pat#* 

a. so 	ter, 1R~ 

A. d. c gousretor to ee 1s4 to the "tor 

satire tees. v tSAh same the puma " of 10*4 on sates 

The gees 	*1ov carve. Ve pu o o f i5*vis voi tale 

p x►D~r► rt v&,& to 	► r° ope. do fl* v 1 i s ' i r 	rs d 

w#tb r.?*, o yoitss and se am for pu es* of ,+ol#s#e 
fee 4bw0* to setcab1a r3stor.  

The t' cl r of t r sCnv i s_r us a + are 0/ 40 
a.lt*, 4.t "0see, 1400 fl.P.4.pP. 	utp tt 1 h.p. 

oor►t* r i o0 4 %& A 0*pa t 1 + i o  	►r. 

i. 0.  

stir mw play 	► +4a* wart is ► tto 

" A 1#M r circuit s In VAST at brats• split 1cst 0*9 8 

*:We* reasetsnco sp.er to r it. 	re* 
With 1be present rSoft Of Oar$ t *e r.o$1fM s cu r$ 
*be** ,.ga1vomsat.. The *c. at e$*f rs for turnir. 

4 pore r todi o. vo ** ro is besistug move + *=so a 
part i0►1e rl y ft r V$ar*blo Yalta #rlwoo. 

The full wa►vo ,+otil&ox.'b!#mI s14 Is the 
aooe"1.4 +sme It ssur tst• e f 4os tl t n died* type 
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reeaifs.rat CL? RSD 4) . the tLt. fer whairY &r. 
si en. 
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Voitsg. Rattner 

*0 UAL* o.4. 	* 	x : .sue f. "V'. 
*e*ai rep &t•*Lam. P. R V. 
*.o.a* *ded, v*uij P R V. 

$od& *1, aki VOIAOg# 4aop 

M t**** ted *twvent 
AtX$OU * o Z• S* 	94rXO 

Ope%t Zt14 te.eritre  
srRtI t3q ecy 

000 VOIL c* 
400 lts 
240 vela. 
too Volts 
t volts. 

1I 	r grow * 
*6 	P-P 
£5 
t5 to loco 0/. 

a 	t*.re vas tos ore t t v flA  *0 rst 	. 	d*u 
Poorer *. jooal bsi t wave zaz*rn 1 41*40. 

All tttsi Obve *rte*&ettsd 0o OMAU *leog vith 
noses r w r rvOCurtnE £ns$P**.it 5 Goes*11 ** as *Iowa 
is the clrosit (P15. 5' 1  ) • Twotrea n is a bs ea*4 
tar the sn1 Ar,4 p+l*rOtss sn4 thou t*etad tow the  

PSCsLv.# *Po * 	tar a p&rt*o ►i.*e pons got v*l*u 
Of * 	*$« The + ,,rariaent !*tads alosvitb re.+&l*s 

*re *iv.0 An tke s* a cc t chapters. 

0 
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4. to 	►C DZ&GR&M 

4.2. ?MNSF'AR UNCT1ONS OF coMPozE 

4.3. SOLJJTION OP IUOCK DZ E$M 

4.4. STABILITY O $V8T 

di 8. 	PONa?,fi OP *w O1W1 R S 
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-d. 1.  OK Ifl4GRAM 

As stt# l$ 21 aerie Is *i&1 yes *a* * yet** . 

The bleokk d-Mlvsa rep iø * *54 of the speed a ut o & 

■ 7O $+n So $*V•n in ?2. 41.1 • 

is *I* SpiZowi 150210* Irsesfer t tia 
of :1 iv aas* coa nss#s sre fouM out, 

4.2.  usasraa PUNCTZON3 op cu 	ts 
4.2.1. 	►tn9riib -  

Tb. o quut Ion for siupers turns bslnne. io, 

the sItursb1s reosteV eso be i ri*t u 00 

N►s. o , • Naas Zc2  +1403103   a 	¼ a N# t0 

W re N1  •0 14 	sa' N 3 	are firms in control 
willt.xgn t.2• &a# 3 and a  Is the toad WI 	to 
i01  • 42 p  103  a ra 110 	be-mi oo rr"Vo IrA $ .urr.*w. 

me I''s 	the total ao ut & sepa r. til vas. 

•• 	190  
I (a . 0  $ ) 

•.. is ) 
a6  (1+T05) 

is load s uo constant. • 



6r2.2a C. Motor 

The d. es motor whose speed is to be 

co~►twoll6d 	a . o $.Ly o»*tod one. SPOed of the 
li►to r eon be v url..4 byvary$n the vol toga £r.saed 
on the arso&turea Pblio'w&ng ossuaptions ore mad r 

the d.rLvtkn of motor tronsfor ft&ne tson# 

. The mo tor *A' &# flux 3o p 	rt flog. to field  

Current 0 0 Kt 1 

6a ?h. to rQue d*voioped by the not1 r 	vsaripO rt3aa►M►l 
to the + $p cap 	 • Qurr%O** 

a 	 _ 1 1i 

C. The bOok s. s. f. As proportional to motor speed 
v10 	a %Sam, 

!Rr sc aat&C representation at the c*rouit is 

given in Pig. 4•2 . in the asr.  oture circuit the trov 	e 
&*a equation Is 

v 	Cs) M ( 	+ SL) l(.) + 

	

4R $ I.5S , am (ar) * 	S 61 err 

" 	 ' d. +~. ('' 	'"►Kb Son (* ) 
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0*4 (1) 

&ISO 

T (S ) 	(JOS + t ) 8 o ~w► 	. , . ~t 

Pz. 7 and $ 0 

In o~ *K tif 

V40 (8 ) 	s (ç+ 8 )(U._8 + to) +  

S I*~ + b+ STIX ) (I + S To ) + KbKLS 

• • o. (10) 

4. 2. Boa! ti.r end Sp*ed So*s1n 	►~r t 

It An 400 U*• d that the inputt e. o. 	era l ts► 

al d l.s output * e. 	Volta V,I c boas* a eon.tent 

x t*# A say be Wr*ttoS as 

V. ( ) 

so (S)  

Tls g.n►iate r coupled to do. as to r So used a$ 
see so tfl$ element,, in the system. The a*ature  

t+ew"visl voltage dev *op•d is the gsn*aator is aseuaod 
P*rportion*l to *Pioi. Suer now A relation may be 
written as tbU•wr • 
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4. #4. Control Winding* (1) 0*d (2) 

In the control winding I which $e shunted w th 

!es1stana. a tBraet1en of f.c► voltage Yde r ,osuem! 
cu rroat at and so the saper *am$ developed 

by this winding Sro 	! so env* 

14 1 1 N 	dde 	
...(i3) 

+COs 6 ) 

in the second control wading the s*pere turn.* d.v 
toped aro do* to error volts Is Y~ 

r 

Re2 ( 1 + T528 ) 

4.3. 	LUrION OF ICOGIC DIAGRJ4  

With the Stove doweAap.4 transfer fanct*onr 

putt in block ferns the cospesits bock disg 

reduces to Fig. ¢• 3 0 

V4.0 	 1 ' r(I + To 8 ) GZ t9) • 	U 	- 
No Ia 	 I. 

40 

41t 4L O K/ unirYK$(rf err K'k1wh e. 
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L 	 ...(to) 

tea  (S) Z(81 

So t 

t r n  cs i 	(# 1?)  
€S, 

[ft+1'cas)+no (**T0  SJL  L ca 

z a m • S O  ) U* 	)+ 40  

Ouscb as a 11ALoaUorD 

"a 4a10To S)(a4' a S  
A I' N R1 	+ a is 14 	+ 	►T 	S ) at3t.of t . + 	 ► 

(1 4. ;sj + S 	 CTc 



lb r .&s.. t vr*t*ns« putting 

	

&lCi 	4t 	a M 

	

tai f 	asx 

	

f K:I% JL 	+o A 

a*p"S"Son CU) can iw 100 wrL$*. ► be 
(t: + TO$) (2, + To, S ) 

(g) a~ 	S I(N+A (I+TCIS t + ( rC)(%+ToS )i . t2 pt 

) 	C? •T) (+T0S) + F Cl;) 

(It+ T, 8)J 	1) (T Tm )(I +To 5) 

42 

••0(20) 

Flow (xs) SD4 (20) We v. 

(S) 

a+ 02 (8) 0 3 (8 ) 
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M(t + T0S) (I+T.t 5) It 92(t + 

N+A)t i ( ~c+T$)+ 4r(1+.$Tc,) 
(i+? ) .S8 (T +T )(*+T.a 8) +t" (N T ii 

( 	To6)(t+' 	) (SK* N 

So nor the ohs t+.ra►tit a la aver* of the s*** so 

+$3 24402(14TX"'T" +8*OT`TO) • T 	Tam 
+ N 	, 	(a+ Tat 0 

[ 	2 	 (?4T ,; + a TI) + N (T + IL a (T, + 'T,R ' o 

''1 N  	it T+T 	+  
+ + 	l + (C) T03  

[I1(TL+Tom )►A 	" o ►' 	,}+ CNM )T4 (D 4C)1) 

2TCkN+A) n4 :) + N (To* To 

'I 	a # 	)NO2 	 + s 

Thus the o be rfc$, rjs tic svAatjo a is round 1a 
'be of 4th e* 	It we asgl.st aspature *1*, o nst+l nt 
vb*eb Is geese rsll y found to be east& to *a** a r shunt 
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*tor sit .iii► load $$sir sonstast. TO  Wbfth Ar 
also veryy •■•xl du* to p r o*tn&tly Pes £st * ►s 
load, • h%rSoterMtiC o e$!o a (2 2) teuces to t 	r1s ,  

3 

+ 3a 	, 	TA T  1 	2 	1 ; ► To ) 

r fN+A) T 

,u  EM + 13 o  } +th++) OS 	+ 2 .Teak 
tS 

+ (B ,1 + U 	PJt T 

+ [u+) + to +ci + " xt  M 	a a 

o (23 A 

S to n (2 ) can now !o written b, 

wwr..4.r * 	r 	+ 
To& 	COI To N  

F T032 	
T1 	N Try% 

(NSA)+(S.4 ) 

N Sao  

(N+A ) 
N; 

N??  

(NM) +( ) 	 •NO2 	U 	1 t 	 • 	 "a 
IN 	TcI  TG2 	X " Cl a°c2 acs 

... (24 



St 

SO 

4.4. STAMl Y OF ThE SYS 

The •hsrset.r*r is sQU$t n of she syeto% is 

ob$sis•d In %b Lee* srstton. NOW sf$sr putt#n* 
I 

tbs *si*ss $bs *q* tio** (24) .4tees to 

S + 24. '0 S +3008 +009 *0  

now applying "Ibt $h 0 H sIV #tom Cr i#sr&ai0 for 
r#sbiUt,F study of t s+iust3oa (2e )  

300 

2L ?0 	 0*5 
so. 7+ !00005* 

i 2*1.7 	0 

005 

Sin** i h. f# we *Sant + sgs so t b 
far* ooZuans the POIymOM*awl b►s so woa* cated 
in eight halt of th. $ pins.. T As ►s'#~ r~k sabrrr 
the stubiiitr of till systass 

4.3. iPOt45L OF 3rd ORDER SYST11  

set► age a sdrr cysts. then +stts*$jos any be 
W*j$t an the toIs 

The *rsn.fov ►d equation of motion w$t r ss £n$t$nX 
~tosdiUU+ane can then be gives an 	 . 
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1w► 	2 O 
t 	1 ($2 + ! ii "~►+ a + wok ~► 	12 y. 

• 0 

s (s.i 2 ►ta 

After x►Sxs lug In V614141 t etso i e slid &pplyAng tb 
$Ove as* t w►ns 	, we f tn* *enr rsZ pro iut Son, I. 

	

Wad 	 O 1 	AO (w$ + ' 

	

x + 	w 	o 	+ rI t 

•«s.( I ) 

w 	 . 0 	+ 2 

	

I - son 	
8 

awe 

tan 	w 

• + Wig + 16, 

?sbi Js e # *o.n ( I 
1118 

W i,. 0 'a 

Wa 

'b► 	&UMds t'c*a ors •a and es can *0 ***a 





to Speset staple lsanction of the vestal xindths, 
A. Bo C su4 0 in the complex piae as -clown in Fig. 

The constants d,, ned *$ can be e,rcs.ed as 

(A 18? 

d 	C* (MD) (C/D) 

Tb, angle ' 	to gives- by  

* 

x 0gLan nfir. the third order step response *as be obt' 
ained sly by plotting tho Stability root.. **sssring 
the xeCto r lengths and angle and then putting the 	pona• 
*qua*1a n. The ?.rpoare. cha►ractarig►tics are Says aed 
b ► relative root locutions. When  the "e&I root is displaced 
to the t.tt of max part of the * sple* pair. dt  Will 
anpLdly decrease, where *5 d 	'rill sw*O*A sea xty 
constants As a result• the ctahi+'o ry sods will teed to 
dam nats the rtrp.n.e + ed the response *1*• will be 
essentially function of a ft 4 wo value. C.nv.rs.ly 
when the real root 1S** to the right of the complex 
roots, the nperradicr made w.tli c roctsriae the total 
reap. as a• 

When tha real moot is equal to the real part 
of the Complex pair, that 3a 	8 we 
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Th. *hart o r4.r w.. on.• ot+a$t*on tr 
"r 	150► 0 

0 
t 4* S Sirs (V + Cbs 	4W/* 

It we aa+ ata 0att*c i d**p*ng gets* a 0 00 70* 

*be *' 	garo b ued on 0o a 	vs. 4 ► 	in o 	er to Oa tr 

$ he &n i y$ I t ind.p.Ad.n t of vo 	is 

• c.iove 	 3W 
of alS 	#00 of + 	, 

rjonse of the system to unit Stop ll t n 

Tb C rat to ris t &4 equation is 

S +2$w7U8 +3008 +iii n0 

(8+4.02) (Si► + 21. *$ S + 201,05) a 

For $be Sus t ►t*s . &t&o 

+ aA 'is S + 2ot .65 	~1 

•2i7$ 	 1 . 	Q•$5  

.$4.$, * 3 10.4 

Spao J% 	0 'w #0. u 	*0.4 
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So Mr 1(10,11)?+ (10.4? 

a 21.30 

IU 10.20 

C 	04.1)2 !2 

D 	+! 	« 4 

tit # S SAIM 

10.**4. *2 

S. n 1  + ! 

Ilt 	* .r r 21e  

to!! 

0/8)(C/1)) 

21.3! 
) 

$0.25 

a 1,20 rad,ian.. 

* 2.!s 

9 

4.02 ---m-- 	) 
1!«4 

a 020*. 

"fit final "opens* solution to unit stop funCtjea 
.4.02*  

Is *has a a 1.'1.23  	 !!tl its► aria Situ 1$. 4$+.2$ )  



U V 

So to. 	ZR1iiNTh 	U 

5.3. M8?LEflZUOGY 
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S. 1. WCPIMtN 	ET*U 

•a~rft*j,# d using *11 the ►avo x*O øZ.s wish 
sos..mary a 	rinx Eno tsz nt . The s iraust d isawam 
to stow* in F1 s• 	• Ti, system saw srmmmwiwd 
is then tastsd. 

F`Irstiy $be D.C. actor field is sna ited to 
No$.* value which I. kept so ns tsni Ihmugreut *h 
•zae r*asat 	Them slt. rna$ 	*apply of ago volt. 	I. 
applied to series •sturnbl# raster load winding.. 
This •e.*e♦ s irraat and Volt*ge C s4 the i tetU 

• f the motor and all Curr cat &of*** 0012P* awst i*f g 
winding of .stub  l. reselDi. The control vinding ; 

is .rpplLed with volts, We as to obtain , d $,ed. speed 
at halt fl1 s4 on the motor. Them ref vonce vo&%&x. 
V,, to so s4Jt te4 that th* error 	Late Ovr'' 1CnJ 

to 04004 I. seas . Urisi this condition control 

w fnd i 	2 *5 r?*de* no Cie rront. It art S•s r*sy the 
wefeasas. volt say be adjusted as as to Caine some 

rirrd value of ernfrsst In lbr +soaia.l Winds *. 

A► `t.r th s.d pve , awry settings the lead 

is gr►ius ly put on th. motor by loading the 4.a. 
generator. ' `Ai. a&as** more current in the so ar 



i t  

PHOTOGRAPHIC VIEWS OF S YSTE.;M 
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and so &see *Mva Guise Sls an 0* 4800,1&f'. 
w Aud 11# S. 

saw v tbj s * ra In Loads tbsewr Is 
r sa* La control sispOfe t* 	on rat i b*• ,.aoto 

This results 	o Loss jndUctfta.. and h.ns* 1 80 

a,aetsteer Of the .Tsaeto and go tIer► will be Loss 
1ta$S drop across, it ;. a* the V 	tBgo at lb. a 	s* 

t&rs to *n ► s of the ester *fl* 080x,, the 	s 
bolus decided by level of cewpe al n. T t 	eId 

in* s s turns can be varied by a nIng the burr 
of .hent*ng eaIstane. across the conp.nsatIn w'i' ". 
Thu all takes Pl e 	t nt+ ou*Ly and speed agwin 
goes to Its previous valuss Tbs spewd can 
Constant IrMspootty. of brad by •bt+►iu *den& + a * 
hiss by proper %4justeem of shuntInX r.efltarc. 'which 
,$house* the value of compenost 	aurmft Is ce.pens* 
in# v ird ►g• Thus ► to •btajn closer so*** r► 1o* ion,, 
srsat1u5e current cc pe ft1 	as WCU as s signal 
p ropo rt nal to # xw xwt*4 voitago vbish is propoz'ouai 
to speed is tea b&ek to the saturable reset. r 

The system to tested for folLowing  values of 

•pro.ont speed $ 
$25 * 1004 i iS 00u 0, 1200 .12$O and 14 II P. AL 

0 

The e, r r.ntai Puults are gives In *&%M%&V O1 SM 

also graphically sin In F* 
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A. SD # OX Str £T* a * b 

x ►  	S n* 	t~►.D 	1; o 

0$ $ 

%*2ts & *$u**,d 7 •a for t me 
t4. 

1ta 0 a' 4 	` #, Its * 	*up. 

t * tho r 	. + 	+ aM air►. . Doer i~ 	i 
• 

1. 0 * ► 0.14 *21 a 

3 Q.21 0 0.12  

t t 1 Ø35 *3 0.02 

$ 1.05 *8 0.460 62 
0.300 *!*- 2-5  

0.0 $3 0.+0*8 *10 1. 

	

!! 	' ,A ` *000 fit. ~►• ► 

03  

	

' 	 xi 'ro ' vo x ti. 	*i .to ► r' ¼zxt s. Nip• 

Roo$ *o nd &$ to ins a ra •*sir as In A. 
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'" 	Imo.. 	Sp.•d * oba" 
Si. 	 taus d.* Irad 
No. 	&pry 	Val is 	&ap.  

ito 0.125 1000 a 

2 1.45 112 0.150 t'oo* 0 

3 1.05 1*3 .0. too 000 s. 

4 2.1 113 0.210 off 2.5 

5 0.0 too 0.10 *000 0 

0 06 100 0.070 1005 C. 

C. akE
.&D PRE SET AX 1100 R. P. M. 

Y~y~I~YY 	gl/~pli~y4YMIYYYIiirl~Pll~ Y~i~W~1~ 	Y 1 	I I Y~11~I 

initial nit It *o r. 	 Shunting resistance '" S .0 ha* 
10 y 

 

*0.00 

Error ,volt* a,ro tar k ■ 0.6 

Si ; V OO*p. 
•0 d *ban** 

fib. twos .4• fired si it +R*p. SOO*d. 

0.8 112 0.04 1100 a 

Sit. 0.0 Its 0.00 tI00$ 0.45 

3 1.20 114 0.12 1085 1.30 

4. 1.53 its Q.14$ .JOSS 3.1 

5i 1.00 its 0.163 1045 5 

0 2.15 its 0.20 1020 7.21 
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io n. 
111w* speed + .vistion Ls too tch fw.. d.riw.d 

value duo to loss nu* b r of tit rater 	t... 
500 Lnst.$d of 1250 a* being iced in 00spine 
t ing wix ing for other settings. 

Db SP1ED PR S ~T AT 	1200 0. P.1 P.M. 

1, *t si conditions 

0h 	$hunt in* resi.tsnes 	It *boar 

103 
Fryer volts 	o*wi for * j,Ø +AImo. 

change 
f 	n 	0nr Lied Si. Speed 
pre .  Lap , volts 	tip f. P. M. 

i.e 130 	0.228 loco 0 

2 i. 0 130 	0,2? 14 43 0.5 

$ 2.3 *30 	0.325 ISO$ 3.0 

1.2 12$ 	0.S7 *205 0.3 

S 	0.5 5 	122 	0.1* 	i2*0 	0.53$ 

B. SPEED PR SET AT 1250 P X iK. 

Co ,4itgonss 	Rib 	a` Sh' nting Rs*lairtonD.r r *i * 	. 

13 	a 0.08 amp 

Erver volts s.is for IL 	1.3 nape 



M, 

Dr 	
1D1* 	 l► P. $ a op"A. 

1.3 	130 	0.235 	1250 	o 

2 1.0 137 0.240 1245 O4 

1.1 130 0.325 *2 1!! 1.2 

4 2.1 %is 0.310 *215 2.0 
5 2.0 434 0,$$O *255 0.4 
6 0.0 130 0.t20 1255 0.4 

P.  SP 1) P1E SET AT 1400 P. P.M. 

ConditI Ills t to 8It11I2lt3x1 ' R,slstane. 11 Oha.. 

o 3 0.00 	. 

Error voi$* se" to r 1. 55 *np. loud* 

Di. twos dose. 
&up r+olta Amp. I r P.M. ir.d vu1uo 

I 1.55 150 0.40  1400 

2 1.0 *57 0,40 4360 1. 43 

1.4 153 0.33 1420 1.43  

4 1.1 182 Q7 1430 201.4 

a 0.7 130 0.10 1440 2.48 
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To compare the speed yartiotion with 1sad obtained 

with the control system with the (I) anosnpCneated motor 

speed curlation an4 (U) Wbe ► only voltage compensation 
is provided and current compensation As  absent, the rosul 

Is in these two oases are . given. 

Case ti ) 

Ste 	11 	 Sps. d+o . 	Total speed change 
14e. 

1. 0.1 14+ 1400 

0.45 133 1330 

3 1.1 126 11200 	Total speed cng. 

4 1.3 o 124 1200 	$ o LP.14 
1.5 %10 1150 

• 1.6 100 000 

' 22 62 *20 

Carer 1i• 	wIii oaf ► teed back valtoge oonpenAat$on is applied 

I. t Speed Percentage 
3 0. 

 $ee speed a ha.nge 
nmv volt 11 P.M. from døsived 

1 1.03 120 1200 Q 
:t 1.25 1.21 1140 5 
3 1»4 it* 10*0 to  

4 1.* 113 1030 14.1 
a 2.2 109 660 20 





oepariso n 96 tw•en the DesIred and Obtstm.dVoltaes 

A% So rSreI51s at DUter.nt Loads 

The motor speed I. 	ntainsd constant by  

adjustin the voltage at ***or t r $n5$ e*ts ►lly 

with A oront loads. The aerv.s showing the rvle4loa 

bttvsen load on the eater and the voltage at a,r tuV* 

tarn*tls reuire4 tomaintain th. speed aoco.tn* at 

**trod yaZt*. arc d n. The actual relation obtained 

and tr 'lb co nt r • yr * given under 5.3 • are also 
plotted on tb sasS graph. It shows that $be** CuZ' 

llovs Quite closely the do*trod curves. The results 
or the aA** when speed maintained **natant at + tf f* A$ 

leads by •*ternsl adjustment of ►altage are gives belays 

4 oanstsst at 	 A *a Vr taut at 1000 
so 

I V 
~` s ► 	V volt. I 	 * '+! I 	 wl` 

1 0.4 3 3o 0.1 ti 104 

3 114 so 0.48 #o sot 

3 1.05 *1.5 less no 
i 1.3 03.5 1r? 4 III 

•5 1.1 *12.0 

i 2.0 •5.5 3.1s 414.8 

T. 3.3 ►* 
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..d coastsnt 
at too 

Speed j** .6 I  Speed aoratant 
at 1200 FPa )4 at 1400 ►P. A. 

Ce $22 
Its 

.25 tic' 
1. Sao 

t•A' 	121 
2.3 	122.5 

0.0 122 00 146 
125 2.05 14$ 

t. *2* 1.35 132 

2.05 133 2.23 too 
2.4 t35 

I 
a 

3 

3 
6 

IL 	I va a 	IL 	I 	 1 	yam+ 

METUUOWGY 

When • 4.c. . e,pa t I.y •xa ted itor is o*p U.0•r4 
by oby 	i ft. C. a th;ia p s* OItage  into 4.0. 

Z is +0 ing C o. nve rt Mg unit es d.eer1 t in our * *be** 
AM As found thot w att h £ncss. AD 4044 the Va j t&X• 1 e*4 
to the armtit $sopa. It to *istic,4 t$ the speed 
also d opo. 

lb *s.ingrain the speed of oet►.r constant with 
in load, the t.rr.***l. voltage sheuld inc s, In 4 

pnr a sr far m. Tii indloetes t 't with -&flub*** 

004* 
 

we hav *0 pzovid,i OVOMoep!ns*tlon for 1 3.ta e dsop. 
Ala 	the Alilp*#si°ti.iD should be sech 'thet it Viii ',.+dad 
seQuirod so** *r voltage viii. with Inereses in toed 



This pas ioula r aod of increase of vol tago r*» 

auir.i to .dint,  the speed .oistant with its pas* 

load* can be achieved by  voing a series saturable 
rw+ tar ~r and rectifier as a convening unit. The **st iri 

winding of saturable urable 	c r is to be eoniiectd in 
series with tor areaturs . As the load currant th° 

crs s•s current + +p►u$b the cone ri wiiid*ng d hence 

the coat .i ampere t*nna 00 he gn re increases thereby 

causing higher *$to tion sal. oonssttten 'r reductios 

to reactance of *a t*iab . 	r rear to r. Thus 
the voltage amp cress the reactor reducer. ga the 
voltage at the ayeaCure t. iust3 increase with 

Inc x+e5s• in Zog« Thus the desired speed a ►* be 

&uftOi. n. br •p sviding plopsr conpsr.sstlon by s ec" 

$$ 	p ►p, :,c+ont i wi 	iii 

In actuality as it was previously pznpoasd to 
abtcin ova** cunt l only by voltage feedback by lcbndo 
gene l o r. 	cent r x rindings v*re designed for small 

value of ou7ont using conductors of .a lop orris 

secUn.• Hsi' it was ftu g t this eoaps ation &too 
111 	u f tiC *f it. So the p * ►fit 5 (i *S **s 	series 

i 
I 

eoepeus&t'*► fi was 555 	In this sCbeao, as the nt *ei 
w!+IL Lag W,$ An*Spable of taking* full 1*04 current. 

Shunts ow* provided to 1. **t euarzent t Mouth it. Bit 

was/ found that due to this *rra*gssent the w #nd Wig 
l 

 

J 
ia$sZ. • f d.v.lep Log aen fired sup.io turns to 

PrC(US• t%. rQuire4 Voltage rise With 1"Wease is 

io*do. A'1~o *u* to high resistance  o f the winding  



I 

so ar rr n s elm 	ps nv s s s it. 	the not bo►dela gy 

b►s.* r0 a tiet*on Is $&rsn brl w I 

Tb. curves s how line relation between the *ndr ►s 

Land current + nd the vn2tnfs to ebtntain the a oto:t 

sp•s4 cols tent are *Wswn as given in S# ctZnn $.3. 

Tb. S** r.Z*$1,n f As obtained by saturable reactor 

series eoapsn*at, . *ont l winging CU?xent odjiting  

eye,kss"* . r + As gives below the test rssuiffs were 

obtained. As given An Seotgon 8.3. for 125 f► P. 
speed setting the connro1 current in serisa ooapsnss& 

t#ng coatml winding to g*ven n the following table. 

SI. Turn rsu ir. 
1c1 on contsl 

7 AMD* Vol is ,A~p, VAnd In& s 

0.43 so 0.14 00 

3. 1.05 O1.s 0.17 2t3 
40 1. 30 01.5 0 22 211 

1.05 05 .2* a l l 

C. :.a ' 	.8 434 212 

'!. 2.3 '!*.a 0,34 ! o$ 

'* In a►etu4lty the dontzel wind log bOs et 1250 

turn. . Bist If We desire that the *$as load cur' 
vent 9. Is d #rein* t, in contso l winding wb. 
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it is eonnes*sI in series with 3o+.d, then the 
turs v.Sui,.Q on $bat control. wThdthg 060 be found 

out•  two the observations given S vo. 
The mmbe r o ! tr r*s " X230 a ~• i Tl y  

0.t 
a 203 turns. 

The turns troe of h*r ob.rvet4ons in the t i'hi. 
are liven in the , 4, t Ooivan of the Sable No. 1 r 

r it osu be seen as an O.r&go we s Ivtti.d ,p v e 
2 10 turns of w irs of higher cross Ceciion in this 
control w ndiu r "' ►is nuaber of tors is tbu eit*ts 
to all other speeds. So It properly dee3gne6 CanpOrl 
sating control vinding winding As provided diesice*d speed 
control can be obtained. 
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CO 	US ION 

so,..'t. g •xperluest an* 4►nslya*s .1* w. 

that It As pssfbis to controll the airs** off' $ 

d• Q• motors vtan *.o. * iaxls P bM. supply is 

$y*i1$blo *ad tho motor is 	pl*od th 'u 6 

sole o©tRibZ* !estop *ad root£ftsr AS*. .1 

also shbWe low to •ve3usts tho 0A3ract*ri 

and pcjsa ter: of settirthi. r acisr so *but it *& 

b hove In s 	bran necessary ter Speed cont a4 of 

a g'I'l~An d. goo £o to L% 
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A p_P 	l 	_I 

CA 	ILMAT N O' 34W C 8RIS lC IiQtMrIow 

Tho + to asctorjet10 equation obtained is 

U 	 (14 +4) 
t S 	T 	

T 	
+ 
	 Tat  14 

f 	ir 81 	l 

os T, } 

1 

4 ______________ ___________ 1 
T Teat 	 TUTat ZI 

N#A+]D*G 
4 

' eITO2 	 eti 2T I 

Li 
	

0 84 Ix ,care$ .  

33 

►ix 1 a300*Q.Q2 
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A ' ' KbKINLRC& 	 O. $ t2 * #J4 	u 3 00 * i 

Its 

a 3. so 

K*N,I KA 110' 

..*12 x.o$ * 210 *.018 s 34 *.S 
so 1 i4 

X w ptsttLng the v*lu,, of cou*tu rtS ire ltwv r 

3 	
+e.ieeJ  

Gx.2J 

. i 	+ *si 

(#$#+e)+(30 Ø$+U4.) 	•(33 40*1, I ) 

U 2 at s$* 	 at. 203 att$  

1 + 106 + 3*0$ + 114 	240 * #7 at 33 
a 	 {r 

* 2 n.2+*x.21 	Ox2Ali.2O0z,203*IS 

ar 0 

So saw $ be c bs r t. r*a t is i,ue, *o n rs 4W►e.. to 

3 	$ 3 +20,108 .3098 top" *0 
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t t tea m +fit *.t r 	.. Vol e 

4. L.sbsod, We 0  $p 	At's* •f 41 #was otr ►&ne 
a r t*o 	&ut.r AI ?v.n . Part I 

• r 	. * 1 *et nt a. ' olo to 
pp. Its 1901. 

s. Ir yo$ *s» C. Z. '0  HL r + t? *o ► y P*sh Pull 	tie  
1 # ► r era £t es. Ao 4. e► **sot 

.tor drive0  AI 	P* I me# 
**m l . 	r► rr# Vol if (p $40)p **5L 

dr r Lat.". fset a u1►" VOI 4 
p. *SO #a*isbs r. *as 

to U.d sk ti. ø,J. "W*!M L au vd Dilvee i*og *"***a *►ro 
fished *.a t &hire" VIVO*$ o rr.ot (a*) Vol. 
V, 1o• 0 , ( pp *32.4) Sept, *410*. 
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