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SYNOPSIS 

The importance of ►  

braking an Electrical Machine is well known. Depending, on 

the individual requirements Various circuits are given for 

Braking of Induction Motors. 

This dissertation mainly deals with the 

A.C. braking of a. two-phase induction motor, having two windings 

in space quadrature with different number of tarns. The analysis 

is based on the Symmetrical Component Theory. 

This ispreceded by a brief review of 

schemes suggested from time to time. 



`I 	poeitiv.s..ezeno. right *ng3a caipitsnt d voles. 
` 'N 	timpoSequen rpt *ng3 ccpcment +c 	" voltage 

II posttveoeequence apght ale ccpccent + of airz'ant1 

I2 	' ti►1S aquen s r1ght single con, eat o airrent 
poeifly*1►~ rRJt engle ocpozzent of *4ittsuos 

T 2 j32 K$ t3Ne»swUsnCe r1kit 	+ east of s4j.ttan o'e 

ernal Ott ce th 'a, wiMing as ` .evad from 
$04 w u ►. 

T5eG +j1 Brtexua2 	ttonc n 'a' winding ai viewed a 
'a' winding. 

V.i+)Vo31taie applied to 'a' winding 

j+, fid' Voltas appy to la* winding 

Quiin''winding, 

Curet In 'a' winding.. 
a 

Iurz ratio,? 
V* 	OIt& € inductd in 'a' winding, 

v 	Voltage iuduced in 'a' wln&lng 

forward 4rait rpt X18 cctnpcet of eqj4v4ent 
2 	rotor re s auc offered to 

ckward OXW t right angle conent of eqj4v4nt 
2 	rotor raeiatnuce offered to 

r1+3Z1 	Stator simittano. as vied froa 'a' wiAing.  
L*2+I 	Rotor Mtttsnc. as vied fra 'a' winding, 

Other +ytbols we upUlned In the text vher v.r 
wed. 
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IrRoDvcIoN 

1 *1 	Gmez'ai 
t .2 	 of 3 * z ae mos 

he flo- o. 
1 4 4 	scope of this Work. 



Deer3,a t 	of  .].ctrici3. d►; a to a ior~► 
s td is s 4Orc] reef in theirerioue arpUatia e,, 
In s►e a es speed rw*rml is desired.,* Dee 2►xit t cia 

be effected either by frtctlo brikos or e3.ctzic brim 

A frti brake c eists of a bra shoo with 
frtctjcn 34nng, 1,resaed + ► to a drus ftzsd+cam to the 

Ach a ___ -The *stem t eerie the 	*tjo 
+ or; 	the a Late i zseee ; to beat energy it the 
d, Tb, cctroi is •d4eved by edjasting the rseire 
of the bis end the ad1ne can be brat t to Asti , 

Eactrj1 bad bas +i 	r t ie of a 
sot 	ehodUsa op ►tiaraend q4ck "i► rerm3. ager 

frictiak brakes, 

1,v 2.,, !L$CtRIC !SAS 01 3-ft ETCt 
~i~~~~irrrNrr~wYr■irr rra~~l ~rurriMrrrrnu r~rnor lrrrirrrR 

The tong rnethods ire uøaa3ay øp3yed two 
brim the three phae. inductiaz motor to edsti.. 

4e, braking ob Stator U t&sccim.cted frog i.e. 

~a►p 	W1 eennected to 11,06* eourc. 



s s, c, 1r,k g '•tr 224 riI weJAg, 

b, .sMnv. brak3n8, 
C, troducti!c*i of capcitoz a In 

Astor tndIng, 
4, nbk3ac opts. 

!QRZ 	OF 8V{GZ 11ASE AND tVO PUSS M 

be ciüeif1a1  

o D,, brsk, 
U, A,C, bra, 

Bsd~ 

 

hee described c detail m +tea 4t 

for broker si,., pute. motor ning rectifiers to 
cC srt s. c. to 4 , c. A fit'' - ,l' letsit cira4t is giv 

rra a 	has given a +c pact in whi4h the 
csacLtor to cscte4 amass a e2ngle *we* acitor 

start motor leads Suet before the a, o,, supply to the motor 
is interrupted by ea&M beforebreak" ram;, 



A p2UgB2n cir4t using two ctsct ostz'it1ags3ft 
.t a !O, w rear eM a resistance Is given by 

Thew poestbi3bity at ver$iD s3ng 	se 
$1 izz.] age motor in a fractiox at + c1e,, sinpir by 

reversing m►pp1y vo3tags at the motor tsr*lnsie Is exip3.creit 
by Js  

Par two we senthr*ioiie motors, eia&e phase  
bra cirottts are 	 gists by ftithez,(6) ft 

Sng +r phase 1rak*s a by tort cixa4tiug  

the Vii " ' winding 04 Itee' 	tbr ,b a r*p4 t 
is investigated  by Wim 

A pbigglng c rcutt for c c&t motor, is 
an4peed by  

1*4.SO+It" TUS'Wt's 

~' 9) 	cnOtt that the theory at 

ametria] amts an be used to grit.øt tha p.r or 
naat sing3a sera motors with great mer, 

Zn the present work general oiraiit is cei4 sd 
for braking*. The general *ipaticns deduced have 3*rge 
number at riab3*s and as all the A b e Ca S4 
together beans. unasnsgsb3o the ana3a4s has bit simpli 

fist by *posing r..tricticns en sen. v r bls. and by 
x.king *titab .e ;esiaptians. 



C3XO4t with r. amber of $s b 
brs1dn dxwite. 	th circ .t la2nvøettgst d for 
brace pextccro„ 

Th. .w.ti rets obts1ned art ocidima  
enta1]y aMprac$ical clraiits are eggeate l to 

schlowo bra for .ad edeae 3nsetigts,, 



1550u", ~nIC AL Ctr PaT-TTS 

	

ITo 	 Contents 

	

2.1 	Synriotr I ..,u1 Cor ono nt Th Dory 

	

2.2 	6yr.M tri. Cal Componentss o Four Phase Cystoi 

	

2.3 	APt'1tcution of Sy metrical Component TIS:cart' to 
Trio-Pk se Circuits 

	

2.'.. 	APP1tur tion of Sy'Eietrtca1 Coiponent Thory to 
Induction !Jotor with r olds of ibth Soqu= fc-,s 



81M1ST C £LCCPWONENT5  

2.,1 •  g!MMTR10AL CcIiONEHT THEORY 

'ortes r ( 10)  has stated. ` A System of n-v, store 
or quantities may be resolved*  i.hen n Is rlme Into n 
different 	etrica3. groups or mystoms, aye of which 
consist, of a equal victors and the reauain g(n-4) system 
ccizcdsta of n eqfliiiepscsd vector whit, with the first men 
t1+ar e4 groups of aqua. vector* forms it equal number of 
•tricni n-, .e ystrma„ When it ia unpi i e4, sane of the 
n.phaai system degenerate into r.pititicne of systems 
having nu*bers of phases weep a►dng to the factors of it" 

	

It has further shownthat the Intek +c 	.r. 
istic b. `ice" of the rotating machines for each of these 
cospcm to teems can be readily expressed in tem of 
the ai*p fields i4ldi they represent. 

2,2. 	M TRIcAL + ONP i1 NT8 c' FOUR HA8ES SYSTEM 

1,, a ,P  a2  . ', .... af  1  sri it roots of th. 
equaticzi el  = 0 ,0  then a metrical polyse 
system of it. mases say be represented by 



Since a vector has tvo degree +t : treidt«a so 

other system my be obtained by taking  

Where r can have any value between I to u 

StuCI ' +a+a2 + r ,«ww + 04 	-o 

the a of au the vectors of a emetri cal po]yhas o 

s, tea are zero,, 

If 31 0 S2 

the following ing holds goot0 

be a system of n Vectors, 

12+ p1,0 	

]+ 	] 
M*+rw* .4*ri oiwww 

r"',►."r T 	
~+l~lr 	12 + w r tssMw ` 

 

Buatic*i 2,1, states that a eystem of n vectors 
or qjienfltiee may be repree+e~nte4 	► different  MmoOri«» 

' cal eye aas or groups#, .cue of which omelets of n equal 

vectors 	1 + 12 + 6.0064•*+% 

xL 
and the ramaju 	(n' i) sy ets*s sczsiete of n esacstt  



vectors r4th vIth first Zorvia n equal nwiib.r of sy o►etri-• 
ct. n » ode systema, 

Considering the equ*tim 2.3. for a four phase 
cyst* by oubstitut ,n . u as 4 - 

4 

4 	 4 

Bluc* a4 a I fc a fort was system so 

23 	3, PP2:2 +s 34 

4 	 4 

Sear •guatiiie may be obtt ed for other three 
vectors O four phaes system. The equatixn 2.5 states 
that my four vectors 3$ .0 % ,r 	,► A4 	be resolved 
into eyet.r* of tour a suss. ire ctara o 

110 810 .,~ a1c « NO 

aM three eymetrical tour phase systeem Inclu Ing 



4i.  

•0 	! 



repiftii'e system (U * 4 In unprime ). 

# 	r 	e+ 12' $
21 2 0 	812 

2 
113 	, s2 E 30 j3 	0 a 3#,3 ,, (Rspetitive 

factor) 

The Bast of metrics1 ey er is shown In 

Pig, 2,1 

The characterIatto operator for four phase s rst 
ci be deduced from ii hase ggate by 1 i ting n 4 
in the dasraeterIat ice operator eq tic a 

325 3 *  

,~ 4 

2,3 AT .KATION (* 8USTRICAXI COPPGUUM AOR TO TWO 

]c SS CIRCUITS 

In a two phase matine, sometime Irma► as quarter 

phase asthlns, the voltage geerate4 are ell in 
Tnagnitude •, but 9Q0 apart in phase 

Dx and 13 are the generated voltages In phase 
£ and 8 • They are equal In enitude EB itge B by 900 

tbse* two vectors toa au an ae .t iee! set o ectors due 



1 r 	1 
4 

L~  ! 

ter their meq. phae. 4spiacet. for a yinetrici 

not of two veotoro the tae diep1aceent should be 180 

td 00 ,, The two aee system bolos as imeyneria3. 
ste* can t be rejreeEIted by a time t ►onxicme 

Irv*, under Wanee oration. There are several wyn of 
re1acing euctt a hem of, vectors, Applicaticzi of 

d vifta3. d.enie + , the nature of the i,rob3m. The 
following are the differ  tiflerant ways I 1 ) 6 

I 	positive-end negsti 	evence right eagle 
fXi+1t0 , 

2 	positive — and zero woecucnce tynmtetrice. 
conpenta. 

3 • Pb ee mento and Voltages not replaced by 
ccm ante 

P ITI'VE-*ND IrEGA3U-SEcIJENCE RIGHTCOMIONE&TS 

• 

The two pham system, according to it, c  be 
twe d.red as a special case of four haae eyetm in which 



two vectors NA  end SR  are 

NA * Bt 

% * S2 B4 

This showsthat the set of vectors Y an 4 
of Byr e µric 1 four pb se system disappears to ,,5.ve rise 
to two set of vectors as shown in ,i6„ 2,3 

The vectors of eact set are equal In iuignitude 

end 4iepce free oath other by 940  .«. are 	Uod 

pc .tj , ••» i d negative - sszence right on4e ampcn tee, 

due to tbe4x 90  ;p rod y +ement . This is di 	o 
from ejng.o phase two vectors white are 4i p3►o3d fr+c 
each other by loop I 

The phase voltsg, and are expressed in 
'GUM of the above ccmpiente of phase A and B by 
the 

L1A2 	 •,, (2,7) 

JSL1 1A2 



Bolvin.g these to gOt . 
• 

1A1 	'o * 4A 	
#.,(2,e) 

3x2 go 

Sii1er1y for o rrents 

ZA  	1At 4 1A2  

2A1 1A2  
.9 (2.9) 

Al  

., (2.,iO) 

2,4o APPLICATION 	ICAL OJM?O!TE1R1.T TO 

INMCTI MOTOR W F IRLDS c BOTB SEJ8NCBS 

Vhz a amt flownIn the rotor of the Ind t* 

motor ,f sr tor Ø• jn produod* The torque in megrittude 
.qu 28 the ewe of the t rent m hods ".ttplied bar 
the effective, rotor res ante offered to that O2rzebt. 
In ey~amotrtcs1 cc ient theory the rotor orrent has  
two ccmpentsb the poettive -* eequ tca xmporuit and 

the negative eaqu ce cxie1p4meit, 

If I * I2 are the two azrra t cm~per t • , 

referred to walu wind: an the etator and R, and 
2 	2 



r 

.'a the of a ctive resietsnceoisred by the rotor to 
positiy o and egativs sequences ants roepo ctiv4 r 
(values referred to stator )0  

The two tort ui c p ente are 

iy Torque due to positive — mequmeei cwrret 

* 	1  [ç] R1 	 ,,,(211) 

Torgwe duo to n t .ve .0 aeqUenCe azr at 

a2 	•.,(2,12) 

• he two torques are due to curr€a s of opposite 

• sequen o  The torques are therefore opposite in 

dire ct jc anI the net torque .T to givcm by the di1ferezce 

ofthetvo 

T *X 	- 11 
t. 

'idea T Is posi t eve, it is armed that t$s 

torque give forward rotation  t o the rotor end to hereafter 
cXLed DrivingTorque, 

When ¶ is n tjY. , It 	 &8uMd that this 
torque give backyard rotation to the rotor and Is teed 
Braking Torque, 



CHiPfl9 

Mfr"s l ii i 1!►u tYSLS 	S 	T R ~J JLF tf tI PHAS 	a 

QJn3ral 

	

3.2 	Thooit1c1 AUSIYAS 

	

3.3 	qutva1on Circuit 

Cori c1t t1on for To uo Reversal 

	

«f- 	Current an Vol Lagos During I kl ng 



GMM LAWArn8I$ or ASMP2*TRZOAX, VOpRA8IR is t 

The twobsse ie 	motor baa two win&tnge 
eota't 'm' 	in "►are qumretur., as r gree* to 

fieri . two se motor has &rtics3. 
vl i lags for the twO asee, Ur two indxgs at fed 
f= 0, two pbne sipp3. n saijwietri l- two 1, so 
Inductixz mor tae d1Xt +akt Amber of tuzn e in the 
two vJ4WO, ("h pp34 wares m' or i` not have 9 ` 
phasi wudiep + et) + the motor to ccn.ctd to thø 
ipp source, the 'vo3.tsgaa V. and V ire induced in 
the 'a' snI 'a' vindiuga r ectIve3r, Is 	 I&  
the wntc tib in the $a' end 'a' 1 4Ixigs, 

Therefore frøa equatIie 2,7 to 2, 0 , the 
tv phase syetrca1 	p arts of wo31tages and eu *ite 

+cam be obtained. 

V +' 

a ST  us 	.u' 



PE -4 ç 1ON t 	r 

N 	T 

V j 	 P 
jtrC1v 



II + 12 
$11  312 

where V1  and 2are p it3ve and negative e" e. 

riot ng3: amptitnea of voltage, d Il  *md1 are  
pOSi$ T* -- M ngstive eeajezice it agle c *ttfq 

KM 1be 	4 	E hvs dl frat urnbe of turns 
the effective turns ratio k, to dsflAed as:  

't;ative mar or 'ura of *a' 
fSfective number ot tuatn of yea'  win&1ng 

This ratio *u be + tom either eper iatsl1y 

or from the deeln data Appe 	(.1 ) 

In order to sImulat, a s.ynmetrica1 two des 
motoi t ►+ fi g 'a' MW be rbc , b►an equinae t 
wades having + e number of tis as 'a' smg with a 
transformer of voltage ratio k, as iown IrAtg. 3,2k 

Tbia *cd `j,s •esticne 3,1 and 3.2. to give for 
the s v*iwl Ca,. 

V * y  + V2 



(b) 

k 

4 

.3 3 OP IPsi 



i 

Y 

-I 	 I 4- 	 - 
- 	r 



 1 
Is - 	(XiI2) /kJ 

l)irsztic11y the .g*ti s can be 1ros teti 
4 . io m 3471g, p.3. 

, 2 * THZ CORITICAL ANALYSIS 

In P, Y,4,. a vo]t*,ge s'V Is spp3is to the 'at' 
v3.ndi n arias with an im 	ce ølesent of aittancs 
Zz amici a vo3tsge b' is applis to the 'a' idnding In 
sties with an another . tent of adaittanc. To 0 

With these vol es appwdj 	aM I are 

the tents tiovlzi c in the two windiuSe,, 

The K rdh f' a to eajitice tu Pig, Y,4 can  

be written as 

&V 	 V 	0 m 	~ 

0 	 .*e(Y.6) 

1sustme 5*3 vAl M,4* give 

Ya - 'I '2 
is - ** (T 1 T2) 



'I'  

l + 22  

1$ w 	j(1ø12)/k a  j  

e T f  Ou" $ar. the 3n Mt 	 ittance of the 
aac tlne for the potivs -* td ut tiv* *o aeqieca two 
ph* . e7 t 	ee tv. , 

iqua i& 3.5 nd  3„6 reduce to 

T ;d. y2 
y 

14 

Z 
by 	(. 	 j 'r V) 	0 ,.,.Ø.ø) 

e 	 f4ra n be eolved for V i  d 2  
ogive 

1 rI 	T 	 . t .' 

1 	a + l ) ( + k 	( *Y) ((T1* k2!  

sq"U4ms 3.9 and .r *10 pertain to 0 genrUz.d 
two ►.e. aotar, In Ott the two wind gs pc* In rp"co 
qua, 	t w* as hsre a turns ratio otter than unity, The  



Vo3.tajSs appd may be ' ba ce+1 two 	sa VOUS90s, sn! 
dWW*nti pM* ae •l is say be camete4 in series 
with .tuber or both of the twe id s„ LU n 3» !std 
$bZ 	Na of oswatiaa at two Asa end s pa 
Snndi ctjai "tore are et 	c .cases of this gersiu 
*those* - •,,i« It ' ~" . 00 eM T~ 	0 the ed *e 

r"9 is 	rdinsry ale DhsSa u $ c*i rotor 
O'p+ ati la, 

otnz tMsr rnba1an dd ions cn bi ohm as in 

T 

F V 

When , the positive a quake right auis eospent 

of Yeltsge is applied to the two phase iMuctica astor,  , 11 



the positive $*qu it r r3ght gIi a tpa t of 	rt 

f 3ev st s phs a engi. difference of /3 i4 : the **p3od 

voitsge V! 

x 

+ f 

COQ A 3...•. ii 0 

 

I II 

Who 	, f ° 	10 tho peck ozig3a of arrent I, 

Sack 112 0 R "0r 

I1a. i. it,, 	rj 

81a3.1sr3y T 2̀ 	- 2"'",~ 

...(3.14) 

Coo 

Where

eM 

 j, 	r the heee eng3e of azrrent 12 

and k2 * 	T' , 	 ,► 
{ ra t 



'rths st i'a3ait ccUt +c fl, 3.5 the 
vut sdajttsuce a be written as I 

_ - 
 

I 

t (Y x J 

tII 
T 	~mr 

W 
+ 3 ) xp 

zt la soon fr* •quctione 3,16 an 3„17 that 
the lnit cdrnittancic are met tze of e3Jp and tury also 
V with SUP vatic, T1 eMY2 are► ixp ri*Q itaUy 
$btalxe4 for vwloue values of slip m4 arv.s p3 Ottad. 
Tb. vat ► of th,cs sattaxicee at a mice A 5ps 
*a be reM o f from these sae (App+idic ( 2 	). 



304. 	NI  TION 7G 1'ORQLJZ RVERØAL 

3quatjaas 3„9 and 3,10 cin br written as 

 

(ak a + s?21i r  
"VT Ti 

•■ 	( * i CY2 ! )+(X* )(! +k T) 

2 w 2T2 

•J,1a )  

a+yl ) (T2+ ~) + VT2) TT 

', 	t+ 'q ss in two d2r.cticis are g1vet►. by 

Cos,,, 	2 T~ 2 (~ ~► r, 3 I TI I 
2 	 2 

T11( 	2 3b L̀ S T2! 

+~ ~ 	2T T 3. +( T+ r2 ) ( ', +k2 T ) 



y 

I('.+ ) (!+k!)+(+ (_1+kT )I  a 

o 	~i i2 ~ I, I 	i 

(! !.2 	2 
I 	C T (4a ;+sr1+ibkr)+i;;)2  

*T 1 

►..(3.22) 

la braking 'the not to aee T tou1d br 

negatjv* am the Zollowjrig cmditicn auet be a*t otW i ______ 	

2•r 	 1 2 
______ r1) I!iI J 	(aT+a!2.b1),ikbT2T tj 	

2 

I 12 	4 	+ + ma 	c 

•...(Y.23) 
The 1iting «m8iti 	action 3,23• 

(C/1 	
) IT1 i2 [c2;T 3ba)..ibkr] 2 

I ar 	►(ak2 T*T1 3bkT)+3bk 	
j2 

0 0 •,(,24) 



i ,*tion 3.24 s a 	,+I tjc •qu*ticn The 

solution of •quant 3.24 amore the required braking 
range . (App+ndiz 3) . As this egaticn cantajug so 
asy v, ,ab t 	+tee: It is not ziv i$ t . to deduc 
the rs 3t in tare of tit the variables lavolved,, In the 
sns3yais0 therefore, 0=6 ,teens Of keeping e. 
arisbles cistmt are aIMcsiear ~. 

3.5. 	N AND VOL'Lt Bs i*rIUNG BRUII4 

Curra+it in the 'a' winding 	Is g ven 
by the equation, 

+ 12 

'_C 	Y. 	(Ti +QP.) + asl,T2 T**3b `a (TrT1 

(i+ T1 ) ( +k2T) +{' +T (T +122! ) 

8isi1r3'I the øirr+ t In *as winding to gives by eqjzatjcn 

(1 X2) 

v [2 T (T-!)jbk!(!i4i!2) ]  
(T +kT) 	(2T) 

4,x, (3, ) 



u ce by props' snbstititi the tvo oirztst 
sa bø c31nted to eetsb3.i,&► the +a xD t v lsticn dwcSng 
br.k4na. 

The voltag,s sc 'oee T is gi' +rn by 

v [si2ur +;) +2 T1 ;#ibk!cT2.;) 

(T+ 
 

+ + 4 

SiSry the, volts arodr ths tsrna ij.ttnc. In 

tbs fat Wi l# 

(t) 

0 .J: 1! [*k2*; 

T► 

" 

t )(r+2!) 
+ *2 

Volt + sos Is# 	~ à 	as *q"UcQ 3.5 

V at sV'.. 

•, 1 y.(Tl+T2) + +►T,T2+3bk! (! 	i) 

(' ,+r1)(12+k215 	2 (1,4k2;) 

04#0{3.29) 



from squ&t 	' « 6 s's 

vs  a  

v 	123RTiht 

2 

ae. voltage . slcue are necessary to 

•stabUsh the voltage rst3rzg ot eteai1 intodUcsd 

jmpmAm es. aad , sLeo , tor)bhs et of thes utia i of  
the viMiug,. 
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o cr. '. c th" 	ncoo 	q, bon o pc, ' Lvo 
ecco bacawo orio t 8 coo At t o  
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positive sequence adr4ttence be a conductive. It gives 
aini 	vs3ae of the x.gstivs - sequence voltage (Since 
the voltages divide in thejnv.r s. ratios) and hence the 
negative sequence torque*  This results in the m=lma sriving  

torque. 

2 
Purtber it the alu. +c ' S 	Is increased, the 

negstiv sequence  tcr%e in ams and the positive esgw.► 
enc. torque degreases, At 	3.16 ( The value of the 
negative -! a gUaftoe inductive s xsceptsnce at the psrtia.iinr  
Vft  O of the slip), the positive M- sequence torque i.e 
ajniaur giving thereby tjr bard torque, 

Between 	1,72 p 	to x.16 p,U. for a certain 

vabie of fir' 'So  the positive and negative sequence a torques 
are equalf  giving net torque us sero. This point gives the 
std.ing point for u*d ine to bye, 

When the v.131. of B, i.e 2n.aeed "beyond 3 ,1 6p,u 
both positive and negative sequence torque ncraee., Ts 
pe tiVe 9eq enc torqueincreases to give less braking 
torque, The nature of vsristtz is shown In Fig. 4.4, the 
above explanation holds true for .13. va .ase of slip. 

In Sig. 4,30 for the va3us of B = 2.5 and ►jLw3, 
it Is seen that the eirve orosee9 over fzt negative side 
to positive side. T'hi ► is on account of the fact that wit 
k236 j kept aoflet*nt,, for various values of slip 'B# 

(positive sequtaf* inductive Ouscaptance of the .aachinr ) 
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increases and B2 (nem jve . sequence Mc tie euecepb. 
once c the chine) decreaeea as staudetlU is approedz.d. 
8* a paint readies AM the two t r% era equals , giving  
net zero torque shown by points A 	• Beyond this the 
drivingtorque increases and ultiu*ta2y at stuadst:LU 
It be es zero, 

1. Braking is possible with this sciieae, The 
madiine n be brit to standstill, by aiaitabls aeleom 
do of cpticjtore, or coplste3 stopper  the * an b,p. 
aotc cone i4exed the vellus Of 1a  eh .d be M+ o than 

2, The motor n.at be rev+ 	by this sdi,,  
&s at zero epead the not torque for all vis of B. 
is zero, 

3. The capacitor .re 	cd for brakes is 
USW greater than the capacitor required fOr starting 
(ccmpare with rig. 417)  

4., The sdie can be eiccestul3y employed 
for ca .citoi std and r m+ot 

For such a brsk1n sthes* to be useful a Ciron . 
It has to be damned for the 'a * vidding, therebr the 
' oll*w ng atop* t be pert orn.d 



Wpj 	 Pot". 	i  

[, pçT 
 s 

L4Xi 

B : - 	Capacitor for Starting. 
S 

B :- 	Additional Capacitor For Braking. 
B 

Sw itch S in position i for Starting. 

Switch S open for Running. 

Switch S in position 2 for Braking. 

Fig. 4.5 	BRAKING CITUIT WITH tat WINDING SHORT CTCCUIQD 

THROUGH A C APAC  ITOR. 



I,, The value Ct the starting i capacitor wed 
to the value of the capacitor required for braking, 

ii,. '~r' winding is short 4rc%itad by the cspcitor 

of { )* 

P3g, 4„5 shave a c ro it suggested to ad * *9 

,bays oper*tticit for being a. *otor,, 

Ezpsr sente were p.r1 +d on a + h,p. Induction 
Motor (deter given in 6«1 d 6.2) and the fo .owing 
res to were obtained, 

0 for values of B8 acre thcn 3, )2 p,U* the 

motor csn be bz'ouØt to st dst: U, 

ji For values of 3a • botv*en 2,4 p.n, an43,032 
p.u« there is speed reductin. The china not be 

ibrought to et*ridsti,U as at car speed the braking torque 

:►a ins 	.c l t 

iil. For va3of B8 Use thon 2.4 p*? 

there is no braking, 

These points are in clooe ocnrrsce with figs 
4.3,E and 4.4. 



'II 

4.2„  MOD ' ICATION cw SCILØ I 

In this ao4iUicatim a conductance Gp,, 19 eoflaoo* 
tad in par e1 vith capacitor of braking schema I 
as sho in Flat 4.6, 

Pig. 4.6. Braking 3daae bsijng 'a+ Winding Short 
Cizc4 ,tad Thragb a,  Capacitorcct's R*oivt T 

in para e1, 	 ' 

Tho poolti o - and negativa-seçiprce voltages 

ares r (G2+ Z2G11  + j (K23 + B2) 

vi  m* , 
+ G+2 2t ,)+j ( 2B*  + B1+ B2) 

01 +G2+2 G )+ (2h 1+$2  

*,x....(4.4) 
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The t*+quee for irxi a values of + ~ f+{3 
are mI aZ tod o The ores are platted in P . 47, The 
vz.ryesShow that on O, is increased, the torque (at a 
fixed a p) mew from negative va3ue to positive vakies, 

When the vs3 ie of 04 to increased 4 stage 	•s 
qua the effect of cspscitor IBa is nuUified and um uo» 
tem t@ predominates to give d 	ating positive Bare, a. 
torque. Then the motor have no braking action. 

I 	CBS 

The introduction of reointanoo altlumgh rete 

in Over. poor br&dws rforrnenoe but this scheme aizabias 
a ccntinuaue ccr,ktroi 	the brk3ng torte,. $uth is braking  
ach a as prove used. ben a flower rate of dinet tlan 
of braking ari.r is decd* 

CXII'T WiTsB $C$MWB IN PA AL1 WR CA "ACXTt ( 

rh. effect of jntroductim of c pacitence in to 

give Increased value of B5 by thi correspc d nng a*taunt 
Thi inductance gives b a ja* 	B  
ia sisilar to the braking e►theas I with variable capacitcr. 

The dr4alt for $a't vlading is to be d.e ed to 

perta a fo]].ovixl o.r.tjuis *3ltsnsou sly,. 

. 4, 



1-~ 
SUPPLY 

B :• 	Capacitor or Starting. 
S 

B :M 	Additional Suitable Capacitor for Braking. 
B 

G :• 	Resistance to Control Braking. 
a, 

Switch S in position I for Starting. 

Switch S open for Running. 

Switch S in posit ion 2 for Braking. 

Fes, 4.8 	BRAKING .CITC TJIT WITH 'a' WINDING SHORT 

C I} J UIT D THROUGH AN ADMIT-1IC E. 



i. To dint the atsrt 	c&tr vslCii to 
sore suitable r ues tar braking 

j j ,, To suect a r®eistnn cs in psrU.1 with 

the breidngrpt .tor,, 

LUPØ to .L 't a roi4t the *of vinding through 
the rector qt citor obi1asticb, 

A c rcuit auitabie for the awe Oporftt: ms is 

bested in Fig, 4 8* 

i 	XMICATION 

The drc4t was set up as 	in1*jg, 4,8 
r t 	+ar~a.~ 	d 4+; 	• 	~~ 	a 	s e. 	~ 	,~ lrar 	a 	~k ~ ° 	x 	.a1 

The 'bpi; be a* indt.tiv. b,ynd te vaIuos at 
tar j h q p,, qtr with capacitor3 ,.6 V *i, 



4„3. SBCODMODIFICATIONcw LUNG  $GEM NO;, ' I 

When en IztDnai admittance is Introdu+ 
1 ' vincg,, th ethe ie bs eh 	?i. 4*9 

YrflwYrrMlWrlYYYO rYr•~!rlrY 	rill 	 -_ 

The PORI ive and negative 6evw1ce volt es we 

+ $k a 

 (;2 )( ,+3k B ) 

I 	xq +x%. 
2 	tL ;1T2+akB + +t " +k 

s.(4.6 

The o3t i rat from above emotions . 

12_+ *2 2 

2 i 
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The ratio in earns as obt*Sa;. f om squat as (4.1) 
Std .(4 ,2) 0 T14e above that T+*jr s Usc is the bz'sidzzg  

tie a p.rf o m► ce wa braking i.e ad4ev 	+ he .a.,, 
bizt In ltse ' s not give a 'rte sctjcz u the motor,,, 

VUN ' ; MG 	(O t uctea►t ► ) 

The s cations (4,,5) em+ (4.6) becse 

V 	:
E G2 ' 	~* + 

) i11!2  
*0140(4*3) 

G1+ j (44495 

(Gr,4Gi$+ Bi J 
02+i (k +32)J + c 	)+ G +1( 	B1 If 

14 (4.*9) 

	

The tor+ .aasafmct 	o G. forsffixedva3i►s 
o B 	to c3øiiLatsd and plotte3 in Pig, 4,10 0 Curve 
showe that the brk5x16 torque peroarnrkce i.e reduced. 

wn 	' 	= 326 ( +spt 	) 

The eqjatoxk5 (4•) nd (4.6) be c ee 



k v )] 
[Gi+3(BJ r!el (k2B 	'*[!2+j(B 	g. *3 (k 	1)]  

fk*0(4410) 

OBS 01(k +B2 iJ 

* G1i (B4B1 1J 12+a (13Bg )] + [G2+ s'2 )J - x 

Wi 

) W B 	ti e ( 	e c ) 

J 
G + (B :t 	+i (yB2 )] bow 

[(Gr 3 4Bi )] &[G..3 (B+B]  eince B,& B lmve avre 

negttive Am=wlc 3► huts, The nature o the equ ti no 
(4.10) a (4,11) boom** ee res amt +as (4,8) eu4. (4,9) 

with the dtference there the 	th&ctnoe 'i► - náees.ct and 
here ommlyt*nce Is anaeaest ,o The not result is thus 
sUmr aM t is c3raa4 b P1g. 4,,tO, 

+ 	1B,?] +j (*+B )} 	bsooisa 



[(1,+ , (B. B1  e2 (D « , 	. This when psr. 

With eorr.epoMiDg tie in (1) , It Is mat that the 
numerical ia3nôe will be use as eomrperid to 	e"d; 
twat In (I) for earn* 	tL'$ 	. values Of This give 
the d+na*3nat of eczattcne 4,10) sad (4,11) lesser 
values as am ed to (i)„ Timr tue. are larger in, 
this case as c peue(t to (1)  .. 

r 
The torase for cpro slip at + h.p,.. Rotor unãez 

stu4 is calaa ted and plotted In (4,10 ) and (4,11), *zruee 
shove Ckacitor 	j ► , MA i 4flctnce give poor b'akizag 
torque p 'oxmw&ce, 

Opsing the ± ii it at points A in 4,x9 „ the motor 

circ4t can be eplit in two parts, 	Beyond A tho cixcuit 
eiai.lar to Pig. '4,i This verifies the cceion arrived 
at a rlier that ' 	can +*3y b'lun the braking pertox'a.mcs 
when br&ixg i.e ad~teae6 otherwise but in 6 itelf cannot 
give arm braking acts . Ueace the egUIValt cirazit is 
ai.1ar to Pig. 4,,2„ for the part b,cxzd A In Pig, 4#9 
by replacing V by ' j , Where V. ie given by 

Ii 
a 



	

B :- 	Capacitor for S~.arting. 
S 

	

B :- 	Additional Capacitor for Braking, 
B 

Y : G + jB :- 3xtatnal Admittance in 'm' winding 
in m in 

For Starting: - Switch 'S ' Close and 'S ' in 1. pos ition. 
1 	 2 

For Running:- Switch IS ' Close and IS ' open. 
1. 	 2 

F or Braking: • Switch 'S ' Open and 'S ' in positon 2. 
1 	 2 

	

Fig. 4,12 	BRAKING CIT TIT WITH AIS EX7ERNALADAITrAISE 3N 

'Ent 	]NG SND Sa' W ]NDING SHORT C IAG 

THROUGH A CAPE  ITOR. 



Th. Introduction OX' reaietence n4 inductance 
in ser ,ee with the 0 win4ng of braking sthsae give 
poor braking tox * p 'mac*, 

the introthwtictL ce cpa4tsnc. in aeries V%th 
'a' wind 	Improves brs]c1 	torque Der'torawos, So 
tbi.e eth. a c be used die + ive 	eia r to SchUS 

I IM cIn4 rt , l'e reverse rotation, 

The circuit of f, 2  way be used to achieve 
the ewt thing a•eded end to verity this. *odUicstton  
+ pecr entsU74 



4.'. 	L1O CG7fl 	2 

V0ViI 	CI) 20 '' MM 
A WPLCZ20a 
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r~c-- K~v -q 
SCL  

1 z;. 4. 	c&cc 	 I.CD 

octvo ct 	cuo cofmcaco v000 
c,:o 	an 

I 	 ) 

VI V 	
( 

aa(4,12) 

Ov> Da 

V r)V 

(o c) (ne2A,,  ) 

1/i 
S 





Inspection at a quatime (4,12) and (40t3) show 
that *jth pOSiti?5 values given to b1 th pb , tivi-aeq ►c* 

v n 
 

Q. o Vic. 	z a se- s 	Gv - c1L  + ateassp, ~.. g wp4ing inc a ss In 4r2VXI8 tart. 
When b1 is gig negative vs ues, the .sgsti.ve sequence 
torque is meas and posher• sequence torque decreases 

sultjg In braking torque, This leads to 34.S of br'ek1ng 
by pbijglng or p3izg rrTerslng. Th torte Vs b1 sews 
for Various values at B (for + h„p. Por under sue) are 
caloilst # and potted In Pig* 4,15 fcz the senor s: y, The 

+res cociXi the above st+ tsaent , 

Fjg, 41 ► show that at a fixed value of vest s, 
when the vs is of 8 increases 'rows 0, the torque 
increases upto a certain vn ser of Da and thai falls.  It is 
i3ao noted that the va3ue of B, rdh.di give mss *riving  
t orqjs for a psrti m2ar value of b1 gives mases bars 	g 
torque for the owe value of b1 , . but vii 	vin4in tr 	esi s 
reversed, Co the ease capacitor n be affectively used 1 
truing and braking of th+Ot#r.  

The varisticn Of voltage applied to a winding  
results in a vsrjatji of th net tox .s ;s 1zus a voltage 
In phaseeppcSiticn to that of 's vizading has to be 
appy to a winding to obtains negative torque. This 
et ho , has the sttvtgs at It can be used not calor` to 

bring the actor to s%andstiU but also to roveres It„ The 
. hn. 1s s3.ao useful. for capacitor start and +apscitoz' 1 



SUPPLY 	Ml A, r 
It 

(1 

bv 
8 S~ 

B :- 	Capacitor for Starting. 
S 

B :- 	Additional Capacitor for Braking. 
B 

For Starting:. 	Switch S in position 1 and S open. 
1 	 2 

For Running:- 	Switch S open. 
2 

For Braking:- 	Switch S in position 1 or 2 and S close 
.1 	 2 

Fig. 4 I6 	BRAKING CIh UIT WITHt a 	TNG FIAVING  

;.CAPACITOR ANDA VARIAB , VOLTA( , 
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The abort was .zpertmets3y verinisa a3ao*  

The +tea t ahov jn iig 4,6 u p.dci the 
reuirste o` this brskg ether s, viz the vo3tage sppl1te4 

to the 'a' v ,tlag is d*nge tbrougheutotrsnstorer., 
the al a app1is ci b* reTez'ud through a 	we r► 
swi$f is 

V12 " eTaRUNG CAPACXTca FOX MUM £aXK.ScUE  2 

To Ov ' to the nediaeee of the starting capacitor 
in the being +achene of 2 0  the following des*re 4ra, 

it t5rtjng torte of the sot 	a tuncti bf 
* MTS Is 	in curve A CC 111$# 4,t7) 

. £ voltage ell alt "* t* to that *ppli t 
$0 the 'a' 'winding is cai4.mt to be *pphiød to #a# winding  
with the aetca 	init1sli 	sssized to be rmning at ndwcaous 
spied, They braking for qu. Ia caloa2at.d for various wa3uee 

Ond .Ot ► ► 	Ln awwo D Vit► Via. 40n e  

A ec pis3 of gree # I shove that the 
capacitor amu, I&I& gives aadaua tom. at et 3nOt  *3 * 0 

gives aaziw torque in the rsvere• dixsctiivha the astor is 
p3gge4from 	cams øpitd,. 

Therefore  30 ftpacitor tart **two, th► starting 
1as.eitor c* be uadi3,y exploited for braking alas,, 
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4• ,  IIODUICAflON OF $CRKE 2 

Ins diaRle 2 1Mhen % a 06 the pOsit±V - and 
negative «.• sequence voltages are 

k :bj 
V,  of 	V C 	2k 

2k. 

This above .gitic ie ahoy that V1fl4 V2 have 	0 

tagnituda • Th. net barque ? is giv.i by 

T * ' 	(1+ 	)(tT,i2  ft 4T21R2 ) 
2 

., (4.16 ) 

This ,matin +u referredto 6,4 It give no 
thangs of v2 and thus no brskjxi Its pos lb3a,, By thi► 
aetbod it is poasibløto 	trc . torq e ( ►d 	rpt) and 
hence c&n be used for it,  

That  n 1 in speed by varying the vnbaa* of b1 am 
be obtained exp 	e zt]1y and torno fid,, for +. b.p. 
rotor (inns► shy) a acre owin the +mad Vs b1 
is 	t in ?i,  4,16. 
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4.6. DRUM rl~i~rP M 3 I~ !UJG X G 

lit this stems, ' h 	pacitor IMOnW i r in #is 
winding is thsnsd to #at w 4 z g and the braking  

Q ) 

Nei ejrt it or øtertlni is &oin Ixi Pig, 4,$9 

The positive-and negative -w sequ ;oe voltages fir► 

1'• T +(3k:+k))$r 
- 	 I ..(4.17) 1 * 	I_ T1+T2+23kB 	 J 

r 14 + (jk k) 
` I. 	[i 

1;-; 12 +2ikB 	j 
,«4,18 

W plzgeing takes place ' s +i' #u ►t to r a om 
in ' . 4,20, 

The positive-and negative '.w uqience voltages becanea 

l +!'2 + 2 j 

ji1+B(kist) 	1  v, 	» 	 (4. 0 ) 
2 k 	It + *2B 

S$slifying the sivatIcis (4.17) end (4,20) to 

i• 



got 

2 	(kms G1) +(kkBB , ) 	0, (4,21) 

I41*. 	 (4G,)2 +(+)2 ,,(4,22) 

The luspeetica of equttions (4,21) enA (4,22 ) eoir 

2 	V 2 
# m 1 	> 	) --_r-4 	 ,(4,2Y) 

2 

This 'ire that the Aestjv, aqueuc t crqtts aeaeee 

to w ►brk 	 p.z's*.. 

At wiiti v3ip the 	t sariittences of the thin. 
~l 

Par k I the not toqu. untr tvo cmditis are 

T 	R 

- 	 [) 0] 	,.(4,25) 

	

+ 	I► 	t 



___ ,L. 

1 	S., 
----.L 1 '1 
PPL' 	 ► M,, Axt 

B ;.. 	Capacitor F or Starting. 
S 	 ~ 

For Starting: - 	Switch S in posittonAand S close. 
1 	 2 

For Running:- 	Switch S in position I and S open. 
1 	 2 

For Braking:- 	Switch S in position 2 and S close. 
1 	 2 

Fig. 4.21 	PLUGGING C !ST. 



This thova that   . s c rsiit at PIg. 4.19 ate. 4 
the t to rqa.e O"S140d ppGes each other,, Hanes the 
to siratit give porus rOt ►tiO( at the start. Purthear~, 
the clre4t of Yg. 4.2O , is iorcue at zero*peed .., so 

the rwarsai to pOi ibi. 
El 

to The schwa A give speed rye .# 

o, 'theca ms at the atari cenbeused.or 

torque r v `*] . 

I *i. Tb. echeas Is ..qua3y uiefu3. for mpac2tor 
sri4 run *otors,  

The clra4t is so 4.slgned to d .eo u.ct the 
cnpecitor fr 'a' W d1zg and cnect 	$t to +►*t 
win4ing. Then sipp3y is given to both windings, The 
rrangea t Is to be de to diacameot the ru ►3r at 

the, Instant O *ero !ed, 

The eeired ctra4t is given In Pig* 4.21. 
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U!nc3 cvexv zy 	2j 0 tvo cc voo 	o !xe 
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Mt A~ t 

Reversing Switch R.S. in position 1. for Starting and Running. 

Reversing Switch R.S. in position 2 for Plugging. 

Fi, 	4.23 	ING C IT UIT WITH TWO PHASE SUPPLY. 
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♦ r - ~1 .~. 	G 	i* 

The poesib3E,ty of braking by introduction of 

an wait ten cae in any of the two wjnding and two phase 

e1pp1y is expl-Dred, The CiTcait is shown. in Fig. 4.24. 

Pig, 4.2w CIRCUIT FOR TWO pHA$g OpERATION WITE AAMITTA1tOB 

IN STATOR WINDING 

The positive and negative sequence voltages for 

Pig, 4,24 (e are) 

v 	v [ 2 +Ya aka +b2k) 1 	.. (4.28) 
Y1 + Y2f 2k2Ta .

1 Y1 + fie, ( k -*b2k ) V2 	V 	+ 	2 
	•.(4.29) 

1  2  a 

Simplyfyiug the above equations by b2 = I 

t o sot 

ax 
T+2 

V  

T1 +Y2 +2T~ 

~2 - 3C,~  

With Y'~ a G~ (conductance) 

..(4.31 ) 



With ! - 06 (ccmducter * ) 

The voltsgs c *p emto air 

(Ga+2G)j 12  

(Y02+206) *► (Bi ♦ 112 ) 

G1 +3.B 

- 	G+2G) a (nB) 

T, aquaticaa $*ter that 

00(4) 

(Set, to ' « 

6.t, G 	i & ;2 > 31.) . Thus poeltive segUen e 
torque is in rass.d b' jAtroduction c ccun:ct*nos 0as 
braking settim in obtn3xed, 

When 1 s -. 3 3a 	(lu ctan ). 

The ve3ltsga ccpenente are 

02 	+ ~ 

12 

~ 	

at 
	 r ~ ■r.rr~rnrurrr~r~~wr (4.35 ) 

Again V; ) 1V2 to giro no braking scticar . with 

bitro4cticc Ot iMuatauas. 



The voltage a pC i t are 

Ti a -- 

(G1+02) 3(BJ+Dr 

G4 -3i 
2 

(G1 +G2 ).3  (B4+32-2B3 ) 

The 'bars .qa ti ma ov that for certain values 
Of B3 	• V2 	c 	be mad* greater 
& tic* jp 

than VI  • 	Tkrne brakizig 
.btalne8 by in' 	uta of capacitflnce, 

The Vista is g3vea► for the 2i.t 	+a&" 
b2 	It " for "UpUtri ► the dioa aei+n nd it 
ho34 trze for other positive va3e is of b2  

If b2 	= I smat tbo h.V. - motor uAder stay, 
the airvr i.e pates In Fig, 42 tar vsri.os Volute 
of Sa and zero .e13. 

,ice inipsCt 	of the •qaticba 	4„28 and 4.29 
for n+gsitvi 'Val" of b2  the VP  , V1  to give brace sctio. 

a• 	b. 

ii. t IL M tsr is erected in sertu with 
the Os' iiindinj the net for e, developed a it @ dirscUrn4 



f. 	M' A i 
V 

baV 	Sa 

E~ 

	

B: - 	Capacitor in 'a' winding. 
a 

Switch S open for Starting and Running. 

Switch S close for Braking andSçeed Reversal. 

	

Fig, 4.26 	C IRC UIT WITH TWO PHASE SUPPLY AN 'D A C APAC I TOR 

tM'a ' WINDING. 



depend an the value Of the capacit, flopar d oice 

of cs ,sei$or ake the net tc a nejat ve,k The such 
Valuer d the not t+ to ii the r+ verso direction je,, 
be aver, su ieee then the torque obtained in the 
fwd direction,, 

U. The reveraa. t o sdisved by revere Ing 

the enpp].y to one of the r d a* 

Uig, The Inoduct3,Oft of matt t* 
reolotunce does not be3 braking, 

The cir 4t +ioi.n inY` +► 4026 fir' be need for  

b ki, 	•ma y 	thin 5ach#lltl t,~ 

BRIM 'AL VERlflCA `ION 

for a fixed vs3aze of ca 4tor in C3xott of  
Pig. 4,26 the machine r reread Ca c3.0eing the std 
9. As the voltage to *a* jnig ie increased the res 
ver . o 

Then with fixed va331e ofVoltage to 'a' winding 
the a Veeltence wee varied to obtain the eps.tt revarea3. 
In a certain rang.,4 



NA c1RcUtT\tT uML:C u)L'f 

IV 
A 

LoCUS OF 'tQ ro; O 1 b 

0 

ccL Ik14ly (IMh'ik5I1Y Qf 
low 



4,9 	tLNG 	6 — ckUNQ WITH TWO LUA 

In this a*ems 'the possibility of brn►1 z s t" 
Ui ao"tu` by pp2yn "! baUamd volt es (Ofd' varab2s 

aarnnitud. & adjustable phase d 'Uer c e) is pie. 
The circ 1t uee for 	oie is ahoim in fl, 428, 

The positive and negtjv. sequence r mkt w of 
the voltages are $ 

VI z 

y it ble adjuøtent of variables, + t , b1& b'2 
the poaiti.aud n+ atiro-soqu,a+ce components of the volt e 

and the correa1)udlng tars n be varied, So eitab3a 

vsriat« x give hrsaiug or driving a oti mfr be stta3xied 
as desired, 

U 	I. tit equal to b1 , by varyiag only 
s2 	%tt b2  the relative PUSS angle Of the voltages 
applied to the two phases cin be wed (ret, to f'g,  4,29) 



CR 	i.s .Lit ~1it'` 	?I~:'i±`,`I~f-1 s1' 	►lei-k, 



,.y.`JIL 

Por Aoraa3 f*w a z!d rtmnng, "ph. two voltages 

or* ed juet+ d 	pba.o q a+l ate, *., , s2  so 0 ; and 

their asgz4tud.sereaosdjiaat,dthst 'b2  f * «' k 

for reversal a 	ber of operetIone are po ddble e,g,0 

s2 aay be incresoed ozitab1e a,r.auce to eero  

and 	b2  reduced to Zero std b  

truitsb3y. 

The 	er3jsenta. co It vs. i .t up as o' in 

P1, 4,31,E  The c3r 44t Its or 	- b 	, and b2  

are va*b `. 	y keG pius 	+dent the ep.ed 
reveraai at obtanod by v x j ' Theo 

was kept ecmtant end ems, r torte Obtaln by 
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CONCLUSION 

C 

Scheme 	 I 	 IN?BRENCB 

1.'a' Winding short 	a. The value of the capacitor for braking is 

circuit through a 	larger the that required for starting, 
capacitor. 	b. Braking torque performance can be improved 

by introduction of capacitor in 'm1  winding 
The control is affected by additional adri-

ttence in any or both windings. 

APPLICABILITY 

a. Wheel speed reversal is not 

required, 

b. Where the centrifugal switch 

is disconnected. 
c. In the capacitor run motor 

having the arrangement to 
disconnect $a• winding fro! 

'm+ winding. 

a. Seine capacitor can be used for both starting a,. Where speed reversal is read. 
2. Supply to 'a•  

and braking. 	 b. Where the centrifugal switch 
winding t tough a 

b. Braking and reversal is achieved by reversing 	is disconnected. 
capacitor, 

terminals of any one of the two windings. 	c. In the capacitor run motor 

c. Braking torque performance can be affected 	having the arrangement to 

by voltage control, 	 disconnect •a' winding frmm 

'm winding, 

3. Plugging circuit 	a. Same Capacitor can be used for both starting 	Extremely useful for 
and braking, 	 capacitor motor. 

b. Braking and reversal i« obtained by changing 
the capacitor from one winding to the other. 

4, Two phase supply Braking and reversal is obtained by reversing 	Where 2 phase supply is evai- 

the supply to one of the two phases. 	lable and the machine have 

2 windings In space quatratux 

5.. Two phase supply & 	Braking and reversal is obtained by chort 	Can be used only where 2 phae 

admittance is ay 	circuiting  the capacitor , put in any of 	supply is avaiLable & the 

one of the two 	the two windings. It is also obtained by 	motor is required to stop 
windin5e. 	reversing the supply terminals to one of the 	or reverse on1,p`,oace. 

two windings. 

Braking and reversal is obtained by varying 	Whore two phase supply is 
6 Unbalanced supply 	

the voltage 	 available and cost is of take of one of the auto-transformer a►tran sf orner 
at a time. 	 not much importance. 



AP2IWIII 

6,1. TrnNaATiO 

TMN atlo as 4dn4 4 n4 3A Y.1 say be dt+ +qt$n 

ii'tb .xp.ria tsi3y c' tbsortic13V. 

They motor ie strte4 end us 	r;t rated  

voltage 	given to '*' irin4lng 	the "c3ro4t 
voitse 	aose 'a' v3n42ng ie *eaaura1, The motor 
19 egain eta,+ and vol, # a ,r ' 	rugzi3r 1# , 
can tb. the rated 	 spp34e4. itam 'a' vinding + ►1T, 
The opat +lariat Vohs Vm  ; c oee ' rwinding i eteured , 

• Turns tat3.o k is aiv,n b` 

I Iis 

IR z$. M 

for h.p. • 7*2  A*ps 110 Tolts 50 r rs, 1,1 
aotar  

m 



For * b*vo 0  3 	*p 110 volts $0 0/4 
induction motor 

PZ'OR 4.s 	data $ unit 	' ie sac red pr 
turn, wit In ,tib b7 thd 	bzttcx factor of  
the vjMjsigrnd then a+ to got coca, 	Turne 
ratio Ic is g .vir by 

P.otsl et at a' vLnãing  

#a#,  n4 ng 

" 	h. p. 	 u+ ian t r (4.x  

k as 1JO 



The *sthine t® eco ipi.d 'to a 4,c. aotor, so that 
thi ma*hJAe Spm mat be sssi2r cmtroU.d, *i a to phasi 
baisnr d reduced voltage Ia ted to 'a' and •a' idndxzgo, 
The voltage at 'a' winding is k times that of 
asgituIe to give equal voltage p tom, The power *1, ris 
ant I and voltage V in the 020 winddare msaared for 
various speed of #  sCbio in both tci . 	and bscwrd 
d 'e+ itmr. Par a the 	W',, It and `O for #a# 	we 
also recorded, The reiatiai bstwee t a►e two ou34 be 

0 V 	V'/k 
The indu U: 	►e is TM as -tom rnse eupp3 

to ascertain the postti. e dm ac t " t rnadine field, 
which gives c3u* to po t ►veVia► canpcnete, Opposite 
d ~r ct icz gives negajjy. men+. cpcoaote, 

The 4,c, real. 4t cs ot x!31 *inding at Standstill 
is measured by valuer# actor and batten, A uitablo 
ostant the effectivesi is r► r1 j obtained, TheS  
Ad*Ltta►c. I 	/' ` , Ipidl20e 1ZWlecm Cts ' {W 
th2sciptsncs 2 * 	I Sin 	, C iductanosGm 'Cos 
Total resistance - Ccr /5/1,  
Iffeitive actor nesetence ( coo /5/ 7 ) ► r j 
The various value a for * boy„ Inductiot motor are plotted 
is Pig. 0.1, to 6,), 



.3 

N'  

• d 

I rl -? 	E -o. 	? 	a? 	J1 	Of 	d 	0.1 	a t 	03 	04 	ate' 	o• 7 	o 	o 



l 

i 

i 



J Li1ft'Ti(, 

The g .rs1 qua*rstis equstier 	be vritti as 

+ bx + a. 	7r  

for r - 0 , the grab+ eqasticzi 6,1., becomes; 

$qustjirn 6 x2. Ites two roots, ssai" 

12 

2 , 

b2 	C aye .w b/ 2a 	
+ 	

.~' 	 + r► 	i~ 

Let 	 A 

.»` us 	B 
J4s2 	* 

Wherw 3 Is a real positive quantity, 	'atc 3 
valueag on not cce ara8 here 

Ther roots *1 an 	#i1l be 

A-*S 

Recti* , it a= be proved that 



0 

Th. qu**rst.c +r *jt*n 6.1 ze be 	r3:tt 	s 

4 

- 	.[2 .B2) 
.,.C6.6) 

mibst&tutjzg 
a 

Where b IS exy realquntt3r, poeite or ne t yy, 
L 

The gutl c atm 6.6*  be yes 

7  * 	[c3.h2_B2]  

Ccne4.r1wj the equation •6 * for *rte► 
values of 

P 	► t 4) ,, 7 	U b 	tA.ple + 	 t 

Por Ii  iso 	* ywjUbezero 
Per 0 "h' < 3 0  yWUbe1ilflple as 
for h 	2B , yvillbeaero 
torh « ,;wUb.4taofs 

This thove that for 0 C h oC B or z <'2 < x 2  

thevalue at 7 have the nag*t jwe s1 to that of a . ,* ? 



en4 Z) x2  0, the viis of y have, tbs, swo 
asths.t of s 	oo to dot 	U* the tharsct.rl.tic 

nater► of y#  the vies of roots *, and : prid ct the 

.. 

0 



6„4.. TOWA S TIM " 	' E 	w. 	
'. 1121Rj 

Prat the sy*mstr .csl segmenttheory .1# ' Is 
the applied volt , to the positivi e.quenoe o2.ro4t 
this tori due $0 positive sequence arrant Is 

s, a lwI' 1 
2 

Biaila4y T2  due to nejativ, eequerce airrezt 'to 

Net tczs T a 2 

[ 

2 

, . (6,7 ) 

I Neactin vo .t€ o drop IA the mater sr►+ 
a 	a 

 
voltegs V at rotorthe not tie 'fie ce s 

T 
T 	 (V)  : (82  )2 	(re, (2;)2 

..(6.e) 

Copsrijig arbovi equafloi to g 

i I t2: 	t' R22 	
Cr3)2 +(g2)2 

2 	2 	 2 



is It ?2 3.1 n.gII*g is *s ccmr.s to 1 then 

as r rsr ia. tr*i Otci 

02 / 012 30 Slimy larger thm r2, (210)12  

G v g the b7 1, It1 	~o mater thou 

2 

3.3.. U 12 	n*13m3.b1e at 	,*z'e4 to r2 thib 

~2 81 x . • 
P

2 (2 ~a 

0 

As aysriasf"S0to 1 . V* t.oshe 

lose tin 2s / r2 ,► givs thereby J 1 $2 

ams lass thin T21 11 	ci ussAzl fair br *k 
2 

In ar 	sc. 	26, 
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