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In thc, rotas circuit boo boon invoat3atod in detail and ren 
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Er fid Ptarthor tho anon of nochanieci3 transionto ba been 
a Wlc aria c duo con idora o to .nou**iinoority of toruo 
opoc cam+ tr th tho o p of c tputor 

In induction Morar with ooanotrio4 rotor huo boon 
dosignod fabricated and testodfor tho ovo purpoa0. 
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tianyfold applications of single phase Induction aotoro in 
doneatjc and indurial fields hcWo dro the attention  of several 
authors 0 But all of thea have been confronted with the t oll.knotrn 
difficulty of single phase induction motor that it locks Inherent 
starting torque,* This is obvious from the f gold th1cb ohms a normal 
cape rotor sited by a single etator w nom* The current flo4ngin 
each of cage bar reacts t4th. the Cap flux pr0duein a torque9 The not 
torque averaged  over the ontiro periphery is zowo9 2n other was 
the visohftio is a in otric about the neutral axis '# * To start the 
QotOZ' this a m 3r should be distni*bdd, This can be don* by n rodue' 
Ing as a etr either in the electric  or La the cagnot a circuit of the  
mater* The single phase Induction motors in use to the method of 
tartiag,$ arQ 

i) Split phase motors 
ii) Capacitor motor 

iii) Shaded pole notor o 

In the first two cases9 the electrical as mmetry Is introduced by 
connecting an auxiliary ¶ii rldi.ng in the stator in the otator besides the 
main winding* The two stater•windtngo are of different iupodanos end 
honco they cryu encs of d&tforent magnitudes a : phases. T 
auxiliary iin6ing is normally placed in space' quadrature  to the main 
winding, The time and space phase differences between the two winding  
n,n fc, gtvo rise to a resultant field having a rotating co onont 
The squirrel cage rotor roar with the rotating field to produce 
starting torquo0 

In the split phase typo9 the auxiliary uinding is of finer wire 
gauge aM ho o a higher rosictonco than the main winding, This 
roar to in a time phmgo difference by roan the currents In the two 
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viningo. in the capaoitor taotoP D  a capacitor Ic cor noted in 
cor ootitth the owiUary uiMing. The tine phase cp1iti& Is ir.oro 
In the ease of eapneitor motor than the split phase one and hone tho 
suing torque0  

In the third case9 the neat .a asyrnnotz7 to introduced by Import. 
tnrj saliency In the stator structure0 Around an ortioa of each polo 
is rrappod a cop ser strip9 foriainrj a cloud, circuit. T140 'shading 
coils delays the flux passing through it $ so that the flux lawn in 
phase bobind. that in the unshaded per. This gives ciao to a atraap-  

.rad action, gnot catll o  across tho face of the polo, resulting a 
revolving fitur and tho. oby the starting toque 

Besides the above thou types, single phase repulsion motors 
are also used # The repulsion motor has a rotor ending liko a Coo 

unebino armature 4nding and Is connected to a cotnutator. The 
stator ban a single 4ndi a, rshos are kopt short circuited and 
he bash eiin is at a space ale to the stator finding  axis, the 

the stator 	dirig is auattod indueod currents flow in the short 
circuited, rotor tqindtng. The rotor nding m sofa is at a 5p 3c0 

angle to the stator  4nding n m.f, The do winding u. r«t's roast 
4th occh other to produce a torque,  

Ai radically difforont method of starting vas oUggeted by Ba 20. 

Ho has stated 'Jt single phase induction motor ( g.L2) May be 
given starting torque by varying the rotor constants over the polo 
taco either by auyvrniotrtoa , Iron structure or vindtng", Starting 
torque dace from the difference in leakage reactances of the rotor 
bars on both sides of the polo structure0 It causes a different 
current to l is r on each aldo producing  a resultant torque. The 
difforoaco In the nutual, roactanoos on to aides of the polos akos 
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phaco difference botum the currents floiiing In both oidoc Thin 
auo, attributed to the res l,tant torque 

The notbods nugjooted by him to got the aoyurnotry aros 

• 1) To Wind more turns about one o do of polo taco than about the  
other s do thus causing d fforonne In the pornoabiltti of both the 
rotor and stator iron 

it) To suitablyshape the stator maw.ng the a rgap under each pole 
rionøuniform0  1ithor this Method has boon taken advant o of In 
practice nor the exact tinpitoations undorL'tng this prt ciplo noon to 
have boon thoroughly dtudiod, 

The constant loss In the shadod ring has attributed to the lo to? 
ofticioney of ohadod ole actor. The short otrouttod nijntrrol cage 

.ndIng on the -rotor Itself has the offo t of nbadtng. Considering  
thoso points shpan o and Denai3tivo suggootod a typo  of single phase 
induction induotion motor 4th asnotr oa , rotor 	ch they name as #a single 
pbaso Induction motor with partially open ónge rotor's Pig, (1b3) shorrc. 
a cage moro some slots have been left *Von without cage bars, The 
end-ringo arc complete, tov$  rofori,  to .g. (l.l) It can be shown 
that the clooktioe torque due to bars ll is being oar eo ed by the 
oounterclockrrioe torque duo to simtlrly situated bars -*S° and so on 
producing a not zero torque 	t in the ease of ft... U'U.3) there arc 
rno bars An the clots 4 and the alt kutna torque duo to barks2*2' 
Is loft unoompenoatod and the rotor tU ouper enee a eloekuise torque 
even Ghon excited by a single atator uinding The aids ' of the. 
open clots ili try to align t &th the neutral axis W • The rangnitudo 
and direction of the torquo dopend on the position of A4'0 Eoiover9  
as the rotor starts rotating under the action of this torquo v the 
torque til also change in nagnitudo and direction, t!hen the axle M? 
turns• past the azia 1`1,10 . it Is ebvIoii t t c t t hhn s 4 tr tq Ari &% + 4ir, twno4Th- 



to ravoraed, But the rotor 9,n the moa mo uil3. doVolop speed voltage 
and will have a tendency to maintain, rotat nn4  Also the rotor Yi11 
have Qfl . ngultr, iiomtt and atoms mechanical energy and hence it can 
not be brought to rest Instantaneously by the rove rain torque 0 xf 
th point . s able to. go past P, it trill got again az accelerating 

torque* 

The absence of bars has introduced an asynmotry In the electrical 
circuit of ,tie rotor*  It may however be noted that the mage t c 
circuit of the io or^ is absolutely  sy otrical Zesat hoc suggested 
many rays of creating the as nary namely se of •diffa'dnt bar.  
materials o use of different bar sections etco 

Another acyrniastrical rotor motor has been developed by bb Rao, 
Re has suggested. a doub.o *age rotor vi . all the Inner slots and 
soma of the outer.slotn filledth suitable bars connected 	 the 
aimo o xd r 	!--4) This is evidently a ease of electrical 
arya iotry of the rotor, 

But in the present cases  an attempt has boon mode to oiplot the 
magnetic property (reluctance) of the inotoriol to create the aoymmetry 
and thereby to start the single phanO induction motor 4th only one 
stator colo The construction of the machine is simplest oris It 
may noon parndozio1 that the motor though the implest in structure 
presents groat difficulties vhon analysed quantitativoty This 
roluctancomotart induction motor is different frcm reluctafloc motor, 
It can be a la uod from the Pig «(14). Since the flux passing through 
the inter-polar zone traverses loss Iron path in the anagno is circuit 
compare to the air-cap pati, The damping of flux duo to eddy currents 
In the iron is alao less Therefore $ a flux psoing through the 
intor.polor portion loads the flux passing through the polo coctiona 
M.4 - 4 	 4 .P4fi 4h ,wn ti, 1 r%, 4i 	hew Mc n ltr thr nrri 
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gap, and the motor oUovs the ftux movornent In other words the 
rotor-ams will always try to align to the ninimrn reluctance path. 
The position of rotor with its polar-a4s shifted from the stator 
axis will always produce some torque to al gn Its polar,'azi s with 
the stator axis # Renes it can be started In any dtz eotion depending 
upon Its rotor position# 
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2.1.QG " 	OF 	.I1i  a 

The machine fabricated by. the author has a stator of laminated 
sheet steel with slots, The rotor is dumbell-shaped and hence a 
salient pole type one#  An ai3'r-gap separates the rotor from the 
stator. 

The electrical circuits .of the machine can be differentiated 
into two classes $ 

I.) the stator circ .ts # and 
ii) the rotor circuits. 

In the stator$ each winding may be regarded as constituting 
an electric circuit. The rotor circuit consists of a no of 
copper bars arranged in the form of a squirrel cage with the ends 
shorted by copper rings. This arrangement of conductors becomes 
a network acid the current distribution can be determined either 
by the nod  node.pair method or p eferably by the cyclic.'current 
method, 

2.2. 	 TPti 
The rotating machine analysis demands the selection of 

some reference frame,. This reference frame may be attached either 
to the stator or to the rotor or a reference frame stationary for 
stator, and rotating for the rotor may be chosen*  Besides $ it is 
also possible to select reference trainee which rotate at as 
arbitrary speed not connected with the rotor speed*  In the 
present ease, the reference frame is fixed on the rotor and is 
moving at the rotor speed, ) rad/sec. 

The machine can be represented by Fig. (2.1). With the 
reference frame chosen the machine analysis baa been done with 
the following idealised assumptions 
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I.) The magnetic paths and all electric circuits are o7m t 
r1eal about the pole and interpole axle, 

ii) 'Hysteresis saturation and other none linear effects ars 
neglected, 

iii) The offset of space harmonies In the flux wave is also 
neglected. 

2.3. A 	8 .SI 
The stator wining lo splitt®d Into two fictitious axis 

namely d- is and qimaxie, 

COS Q 

tq C1 V$ sin 9 

where 0 a (1'a) wt, 

and rS 	*std 005 a'0° q  sin a 

Assuming To Cads vt. 

•' . v~ *V I cos wt* 004 (1"a) WO 
V 

coa a Vt +Cos (2-9) wt I 

V. 
when yr s 	eos s wt. 

V 
,rd 	coo (2a$) 

Similarly,, 

vq 	. V'~ I COS wt* sin (l .e) wt I 
D 

a- ! 1sin3wt0sin (2s)wtI 

` Vql + Vq2 
-- _ V /2 sins rat 
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V ~►, _ 	$in (2.$) vt. 

Now using Park's equation for each frequency voltage$ It can 
be writtent 

4'q1. + 

' q3. ' P y'qi 	/'41 + l̀ ' 3031 	I 

where p a Sswo a a (1-s )w for the motor running with a 
constant slip a, i.e. at steady state* 

and for (2-9)v rack/seg.. faoqi1ency vola e:» 

'7 	' p''d 	'q2 	x42 	1 	... (2) 

'q2 p 'q2 	4' ; qg 	I 

when p s (2-a )w and c*U, )w for steady state operation. 
Now, it can be shown that- 

L 

I43.2i'48, (LO * 	`)' 

	

i 1 CL Q► 	) + L i"qI 

	

and 'd2  id2 o + 	L4 id1! 

In the same vay1 the Parkta Equation for the rotor circuits. 

i 3 +r t l 
, a « (3) 

where p a law for steadyatate operation. 
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V 2 *p *-rdO 

(4) 
rrq q , ,q2 

vben p a 3( -s)w for steady-state operation* 
Again# the flux linkages for the rotor circuits can be calculated 
as toiler 

Yrd . "$d `d1, "rd '41 

yri 3. TMMM ,1 1 + " iq 
s 

+Y42 ,'aLad d2 * Lrd '42 
1 

~Yq2*Ada'49* "rg x'12 

PUttin8 the value8 011d1 *q]1' ` rd l ` rq1' In (I) and (3). 

p1 0 (L + 	 h(LoftL 

s 
"eq qlA 1 s 'dl 

q1 a P 	(L0 ' 	Laqt1 £ '1i 	o' -4)+ 
e 	3. 

41 " p f ` 3. L 	! + 	d ids► I • rrd  ids. 

. (6) 

WT1fl L4 rs (L0 + ' 2) Band L,q (► *- x'2) and arranging In 

the matrix forms the following matrix (5) can be developed,* 



pL~ ( 	rd) 

P a CSL q 	q 

L L- 

Vq.3 

12 

is 

41 

ILI 
in the same ways %n'iting value of , , ' 	'd 2'gr2 

in (2). and (4), 

* p i (L0 4) Li1+ IL0 4aq 21 1 Sjd2 

` ( ~»,;q), + 	` ~1i (L 	)+ I 	 is v2 	q"2 . 	dS ;2 

.00 (6) 

Now writing d CL0 L2/2) & L, m (to 'w 1.2/2) the tollouing  

matrix(6) can be fo dr 

'd2 

r 

r 
Vat 

'q2 



3+pL4(p)  2 

q2 

+3e 	(1sv) (1 	)xq(S 	) 
00(9) 

1c) 

nowr to 	th© 	ues f 0 0 	" P  * # 	a 	redw ing 

the matrices (5) and (6) to the (2 x 2) ffiatr .z form and reprosenting  
the impedance matrix in its operational form ( d* Appendix I) , the 
matrices C ,) and (6) can be written as (1) and (8) , 

The matrix (5) reduces to 

► pL () a Lq(P) 	'd. 

7q1 
3 	• Ld  () 	r0 Lq  (P) 

whore p3sw, * (i s )w 
In the same vai the matrix (6) reduces too* 

where p0  3(24"8w, 

Novo  Low 

Val 5V12  cos swt s V1  

0Vsinswt 

, 2 coo (2.$) vt 

• •« V 2 0 V2 sin (2-s) vt a V 

Renee for the ateady'etate operation can be represented b w 



 

1 ~4 

at 	r„+(2) q 

 

Nov from (9). 

te 	t. 
I ( )4Xq( `) 

and 

+ 	(l ) I C q  

Again { from ), 

142 $ 
~►(2«~ ) 	r (2 	i 	r 

I J 	r * 	( ) t 

..........  

Xq13(2*13)VI 	...(14) 
Now the Cir*!tM Idl afldIq . G2tornats A a frequency sw rad/aegis 
While the .mart I at T.2 1ternateat a frequency (24)v red/aec 
Minae 	Id a IQ , 4 I 

and 	is u 14 00* 0 • Iq sin 0 
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Tberetore, all the quit es are now again transformed to their 
instantaneous valli. 

;,.00sa+1 0*a4'►i Oin0"I Sir,8 

t 000 	'al. oo (sort -c<)  Cos ('1 vt) 

There «, dependent$ upon d*axis stator impedance. 

/2 I cos (vt.' a,'  +coil i s 'fit !' c(i  

Similarly, 

. too 0 	Coos I wt g3ioos ( 	t) 

a 142 jogs ( 	wt °()+ cos £v -w 0( 3)1 

sn0s*tom sn(svt* ) sin ( 6vt) 

iM2/2 Zoos (art - O(2)_O0$  (i12 art +c) 

sin 9 a 19 sin( wt %)a in (i ) 

t 14/2 boo (rpt- G(4 )ø Cos (*37: o vt'w 

6' 5 a ti]/2 ooh (v *o)+ 	cos (wt *° a)+im /2  oo9 (w * a3  )+ 

	

L/2 coo (t aJ 1+I j/2 coe c 2 rpt 0 	co* 	+( 

+ 	2 Cos ( 	4- d ) lI 	i 009 (312C Vt '* a4)1 
. x.. (,16) 

obviously the a ression (16) ehws that the stator current 
eontatn not only the fin4s*onta1 frequency component but also the 
traces of the (.-2s )v a (3 a )v .frequency components 
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264•  PREsS4101 _ Li 1, UMI 

In terms of the real currents and fluzltnkages, the electrical 
torque to given bar. 

Pi s  R  

The mean motoring torque "rn will be equal and opposite to this 

torque 	". and is given by 

Hence the expression for toque with the two frequency conpcnonta,  

can be calculated as follow es 

` Re  

Now from (') 
vx  coo OVt 	''di + (l 8)V *,I + r"1 dI 

Val  sin awl 	+ . w'.fr 	• p'- 1 + re iqS1 

share "dl  * 	 and 

Considering the r.m.s:. 4uanttty, the vector equations are obtained by 
replacing pa jew ind writing capital letters for the small letters 

bar 
and putting/over flux linkage terms. 

I 	,•,(]fl) 
(l )w 'd  + jsv 	+ r0  IqL  

where; v*dl, 

4ql w Zq(3SV) tq 



From (18) it can be solved for vyid ,snd w 

t au{ 	$1X 	 s 

w e 

Prom (8) 

Writing ik term of m.s. qu,mtit, the vector equations +awe-* 

V2 *3(2 )v  .Pd2 *(ins)  ''q2 + 

. y 	ry% + ( ) 	 raxq2  

trhe;age V ̀ P 'm  1 1 (2.e)r 	d2 

V`kq = Zq  I(2*8)V 1142 

Prom (Q)  also the values of 	and y% can be calculated as 



*-(3 2, )+ 

!f 

31V2 	2 	 «' 
I1i 2 

I,. 	.,.(1) 
Nova taking the conjgate of the expressions  (U), ( ) , (13) 

and (14) and using the expression for torque In (17) we can got the 
actual expression for torque# 

This expression (16) for torque may be checked by direct 
substitution as follows 

Let the complex quantities ties be- 

14 &+ 3b  

# Id 

d ~ +J' 

g ftg + h# 

00 PM 04 (ag + bli•ase+dt) 

On the other ham., the real currents and flux link en which. 
alternate at slip .free uonoy are 	s Re ,. +  

5110$ at 4. V Via Ste ste 

when the xns tanta ne us torque wo 
(a, cos at - b sin at) (g1 cos at ~► h, sin at) 

-(C1 cos S ta- d1 sin at) (o1cos St.- x sin at) 
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a1g1  aos st + b1h, sin at " ( 1g1+ a1h1) six st.costo 

e1eewst 1fein st + ( e + c f )sin Ste cos Ste 

j (a g + h h1)+Ca1g1.b 'h c 2 at (b3. 3,  *a1h1)stn2 at- 

 )«o(+ ! 	)ccao2t + (d 1e1  c 1)sirn 2 at 

In the 2nd case when the currents and flux lames aLl 411 vary as 

p 	)tw 

O O (a2 	) j( s)t  

2 5 (2.a) * hn  sin (kms) t. etc. 

when the Instantaneous torque In this frequency, 

f2 =I a coe(wa)t b2  sin(2 a)t I 1g2  co 2Ws t*h sin(2 s)t . 

le con ('*s) t- d2OWSWO I Ie + 	. t ► 	3" 

d2t a n2(2a )t+( e2  f2)s n (299)t cos (* s) t. 

. 2  + 	) +C 	i.b 	coo (*2,2) t.(b + 	) Sin  (4 '2s) t- 

(02  2  2f2) a 2*d2f) COB 2) t+ (402" 2)ai ( 20) t 

«"a: Instantaneous resultant torque 
f= (f1. 

* 	( 1g1tb h) (e1e3.+d1t,) (a2 	)*(e2a2+42t2)1+1(a1g1  b 

(e1$1*d3t1) laos t+I (c&2-42f).( g b h) coo (4.2s) t+ 

I(d1e1+a1f1) 4,3g +a3h1) loin txt+1(b! 2  2QO*(" 99 2f2) 



This an ozpre8aion for torque has been developed directly 
In torrno of the components of the compox number form of the dais 
and qadn quantities. But it is very difficult to get the exact 
expression for the torque, H vevor, from the above expression (22) 
one can got an idea about the torqueaiip characteristic %c the 
motor,* 

21 



o 	r 	r 



22 

AU tho rot8tixtg imchinon bohavo in accord yith irntcbii  
1 m- of pbyticn4, in them o1octriec4 unotie enlmcba ieo. 
amor'tjiet co.oit en intoroet* Tuo wthod boo boon to11ic 
to 	lyco thou oleata'oagnotic n4moobtool s'otou,. One 
uo hod is to ropr000nt the n too by  dttforont1 eqtution.,cerriod 
to the reqs droll degree of memo c + !d to aet the nuaerieol  
solution of theno oqwattone.. The sword method in to ropre ont 
the ayotetn or its tfto nt of oqu tionn by an oquLlvaiont  oircuitD  
cone.2cttng of stationary oloctriouctrenit of o t , vhiob eon ho 
colculetod theoretically 	verified ozptnenteUy, 

In order to calculate the toruG.spood curve of the 
machine t  it Is cantor to + the oqiive1oxt ctr . t hoed of 
the ozpreicion (i.I) (Cheptor RC1, p o t, The r thod nmniler to  
thrt eoniory need for induction otors  an boon applied to the 
tio fictitioun axon etreulte, poly d"edn and q rt.o circuits*  
POI1OIirV the operational oq . (7) and ) (Chapter U , o ) 
and rcducinfj than to the r*rn ao  quen.t tiec of A4C nyntarna, the 
follouinfJ equivalent circuits as sborn in fig34 can be developed.  
Ting ©acb of the eonponont t rnoo cnn ho detorninod from the 
appropriate equivalent + *Quit. 

on the equivalent eircuitD or P + 	) the values of 

1dvv ' l' ¼ 	II2 can ho foxes out an to11ore 

b 	T:IL 161 ► 
(ro+321) s 
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Using those values of 4].1 Xqj* 42A I 2 thO a x'esaion for 
the torque can be developed. 

PdI 

Fd2 

'* 4 a " ► ~' X42 

and 	F4 0 ►o. -a- ? 2 

The not torque F a , + q 

In an ordinary induction motor the afr,ap Is uniform, and  

hence the magnetic circuit is symmetric about any ads. But due to 

saliency they magrtttc circuit viU have tvo axes of syretz7. The 
presence of saliency in the nagnotie circuit of an electrical 
math in* affects the roluct nco of the magnetic circuit by the so 
called #fringing [` 	' *ffscta. The flux lines are raUfied  
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in the interpolar re Ian, The reluctance of tho air"path i 
±naronocd and thusacme flux it lost. This affect can be considered 
no duo to the slotooponng in the tuzrb generator rotor. Tho 
Increased reluctance to attributed to an increase In the effective 
air-gap under polar and Inter.polaz region A method 4th the help 
of Pourer series representation o air-gap flux Is outlined, from 
vh ,.oh gap co-officia is In the ro axes are obtained* 

t putting the values fro* 'Fig* ( A, ) ye can calculte t 

CdlO4  

nad 

So long we have onsidor'od only the saliency of the rotor, but 
the slotting in stator will also attribute something in 'thix fringing 
phenomenon, This can be taken into account as a further elongation of 
the effoo ve gap-length in both polar and interøpolar region. This 
factor can be oalculatod by formula in Says hook# 

is  

is calculated as i4Oo 

Calculation of : and M 
The formula given by Vetnott to calculate  the magnotising  

reactance has been used, Only the alap length in the propene 
has been taken Into consideration by multiplying the gap-length by 
the corresponding cap co-efficient. 

Porm la given by Vddnot o  

P 	spy 
ionto this has boon modified as- 
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aMX'2 	(c 	2  i «+r 	' z' 	ziO 'o s 

tiboro9  C 	tffoctitro series eonductor. 

`roquCaer in 07e100,11350, 

no*  of poles, 
irgap area (in)2  

Du  = quiv lent airøgap length (in) 

putting the values of the proper constants we have al ulete . ► 

t3 65+ ohms 

a294os*  

Stator and Rotor 1oL1caCo raa t #a 
The stator  ak o is calculated fu sing the approach of 

Veinott8. The total ).eaka o of the stator wing is ta1en as the 
sun of stator slot leaksge , ha]! the zigaag j belt and the end 3.e 	u1 

The skot leakage is neglected ainso the machine fabricated Is not 
having the skean The leakage reactance of the d-fie and q axie 

9 
rotor wino are calculated foUoi4ng the approach of ' oU of 
Only the formulae In their final form are presented her . 0  For dotail, 

derivation the original papers ray be considered. s far as  
poasibles, symbols used by the above authors have been used. To 
keep the sequence a fey symbols used by Ta at ban been chimes 
nth the above authors used inch as the unit of dimension and tho 
same has boon retatned hero. 

stator Leakages 

Stator leakage reactance 	(stator to ago constant) 

stator loam constant = stator alas ( lt+ gc +En ), 



Stator slot 

Vhera r . a pyo: of phases to be taken as 2 for single! phase motor. 

l a * Stator slot par~aar a (see t g,11,10,,p.329 voinott)., 

ex a Corrector factor, 

L, s Stator stack length (in). 

s, a i a.Of stator slot* 

0.00113 
A 

vhore 
6e m P 

SPS Saturation factor 

IAB is belt leakage constant to be read from Pig.1?.12 of Veinottr 
boo. 

1.068 niLe 
'Zigzag' lSO(3 

when  
o) 

Z 

wbera to a stator tooth fate (in) 

teo a Rotor tooth i face (in) 	 e 

is stator tooth pitch (in) 

~Cg a Rotor tooth pitch (in) 
105% D, (ACS') 

'EM( 	sip  

where D,, - 	eter at the centre of stator slots 
ACT is Average Coil throv, 



for the experimental machine 

20512 

Stator slot■1,2i 

#Bolt, a 1.25 

'Zigzag' a 4,16  

'End' 	02.82 

.'. Stator leakage constant a 1.27 4 4(1,25 + 446 + 82) 

*t,27 + 4.11 a 6*38 

0 44 Stator leakage reactance 

a x (Stator leakage constant) 

0 2.512 x 5.38 0 13.5 off. 

DDreet itis Rotor winding Leakage Reactance 3 
The formula given by Ta1aatfor this reactance is re-arranged 

as follo m $. 

2 7'f(CK)2 	* 	x1O 

whore 3 
r aNo. of bars per polo* 

d 
çs' 

  ~b Angular pitch of rotor slot. 

"bad' the poring so cons Cant as defined by Tal at consists 
of four components, 

A bed * 'Rotor $lot* + # 'ooth Top 9HarmonIoa+~ ''W# 
Theo* components are calculated by the following ozpressionw 

*Rotor slot's 349x iC 2 when K52 is rotor slot permeance constant 
(Be. gs.l?4 & 1.7.21 of Veinott's 

G~ 



'Tooth Top' 349 x F. when Fttb is to be read from Pig.2 of 
¶alMtls paper. 

(neglect this for od rotor slots) 
T 

'Harmonics' * 3.19 x 
o 

where, Tb Rotor slot p toh (.n) 

	

Cts 	d ►~ v9, d 

where Tr s Pole pitch at rotor surface 

Tri 	Pale pitch at average ring diameter (in) 

0ti er symbols have been defined earlier. 
ror the experimental machine, these values of constants are 

ealoulated as foUovs 

#Rotor slot 	31.9 	hb 0 3 

'Harmonies' 	4.5 	a 0,6208 

# 	# 	* 3.4 

.'~' 'bed ` 31.9 4,5 + 3,4 * 39,8 

, ', 	1r 	 x 	x10 

* 26 ohms. 
Quadrature Axis Rotor Wiading Leakage Reactance* 

The formula for this reactance as given by ¶alaat is as 
follows a 

whore /<beq is the permeance constant for the quadrature axis 
winding. Other symbols have been already defined earlier* 

Like A bad' Abeq consist# of four co pone ts* 

29 



'Rotor slot# + 'Tooth Top$ +Harmonic' +'End' 

Ear the experimental mane, theca values of constants are 
calculatedas follows 

3a'tor slot a 41,5 	flbalS  

'Harmonica' a 4.5 
	

0,205 

3 

0`0' 
 beq * 1,5 + 4,5 3.4 0  

stator and Rotor Resistance Calotilationi  
Stator Resistance rr..3 The stator resistance can be 

calculated b Iiowing the length of the mean conductor. This 	 . 

depend to a certain extant, on the method of manufacture.. 

The formula given by Veinott is as toll wn $ 
Y (ACD) n 4 

Length of the moan conductor aU4C * L1 
1 

where 	Einperical constant 
a 1030 for two pole design 

1.50 for four pole design  
a 1.10 for six or more pole design:* 

Other symbols have already been defined earlier for the 
experimental machine, 

LIC a 10.32 In 
*"a•The total length of the winding wire 

a Peat conductors x LKC 
a 2• yards„ 

The wire size used is 22 8.W.O. and from the table given by the 
manufacturer# the resistance for this length t 28'C 1n l23ohme 

30 
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(L AXIS 

G, Axis 

Re esen .̀_ tion r•`' ~: 	rotor jrc'i t 
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•'. rt = 3211 ohms 0 

Direct Axis Rotor Winding Resistance, r* 
The formula givon by Talut to as follows: 

gibed  Ise resistance constant to be evaluated# Ta last has 
not given any formula for Db  l It would be equal to the resistance 
of a bar if the ed-ring resistance can be neglected. This may 
be came in a synchronous machine with a large no, of poles. But 
for the fractional  motors With rear emaU no, Of poles, the ems- 
ring ro9istenoo can not be neglected, °fin ditiving at the express. 
tori for rb 	the following assumptions as mads by Tclaat has been 

taint„ 
1) The space distribution of bar currents are siieotd ,, . 
2) A sinoida3» pulsating flux density is assumed to be  

entered an the d rect.axicr, 

According to the assumptions made, the current In bars 
0 

(1.1') would be . sin 	Where + is the electrical space 
angle between bars (l.l') and I is the current that would be 
flowing in a bar situated at 9Q0 (electric&,) from the die, 

Similarly, the currents flowing in bars (2.'), (3.3t)1 

ul8 be ' 	In 	I 	$ta 	etc, 
If r is the resistance of each bar1  the tosses taking place 

in bare In one pole pitch would be given by the toil 
Losses in bars (por poled itch) 	

0 
?b (X 142 f+ IL  sin2  

The terms tnt a jb c et have been sued up by Talaat as 
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.'", Total loss taking place in all the bars- 

g p,, 
'bar  

The losses In the end-rings can be calculated  as follows: 
The 'current  flowing in sector n and (n*l) of the and-ring 

Q 
Is xN  gin -41 ) • The total losses in the ring can be found out 
by finding out masses in the individual sections 

Let the total losses in end-rings be denoted by 

when Print '* 1 	d 

The total losses in the rotor are $'bat + Prj, ) * Equating 
the total losses to expression (79) of Talaat'* papor,, which given 
the total losses In terms of rbc  we got, 

10  Kb )   

from this # substituting the values of Pb  and 

For the experimental  machine the values has been calculated 
as rb  1.3 z 1(0 ohms 

meet or s 6.21 x 3.t oft, 

r8 (+) x'2.51. x 10 ohms, 

0 t 	IAS z 10 ohms0  
and r 	ts 10.5 Off, 

Quadrature Axis Rotor Winding Renis tame s 
The to In given by Talaat for this resistance ism 



T tent had not gi ea etpreeioii forr q$  but it oa► be found in 
ozactly the aemo fashion ae the o presa on :'Or rood" 

q 

ii foun1 in the s o nater as re (d) 

Por the 	riinontel machine the tolto4ng values havo 
been eonputed s 

tz 1t'b 23 30 obrn  

r9e tar ' do " E 1O ohm 

re ()o 3.0 t t0 ohms  

1Q83 	-4 o11Z1 O 

00 0  rj 0 $ Ohm9 

Moment of Warnes 

The wont of Inertia of the shit and the rotor etm be oc iily 
calculated followingthe we11iknorn formula for Ro11oi cylinder0. 

Moraont of Inertia for hollow Cylinder-* 
J1 

there 14 a Mass of the cylinder 

8 z  Eternal t'adiuo  
r a Xntoznal radius 

Per the solid cylinder Ori' wouldbe zero0 The ma ont of 
inertia of the shrift of th oporiuiontai machine trne calculated 
an 0! X144 in2o3b0 



Aftor iidngsuttabie correctionsfor the pros owe of 
aaiien 3r and alotø, end rings etc. tho moment of Inertia of 
the rotor is found to be 11,143 tn2  lb. The total inertia 
for the shaft and 'the rotor . s thus fOund to be 11.743 in2.lb, 

VhI 	s equivalent to 35 2 1O` 	' 	g, *n2, 

35 
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The application of induction motor in control systems has 
lod to the atulr of d;na a behaviour of induction motor In rbtch 
nos ► noar cirntions must be solved, It involves the separate 
solution of the oquatioz for nfl the inputs of interests Digital 
cowput r is noraayo ,Bainin popularity.O because it does all the 
tmthomatical manipulation of numerical solution In a shorter tiro 
But analog computer is alntt a pa orful tool $  t'hieh helps simulatir 

the actual system 4th oloctrical or electromechanical compononts 
Other notbods of invostigatiruj the dynsnic behaviours are phase-Oplano 
toehniquo9 9  doecribng functians9  quasiolineari atiow and statiotical 
methods. These aohodo are limn .y concerned 4th the consideration of 
stability in nonlinear systobU9  

4,2.E  
ton a neohine is vio od from the standpoint of dynamica circuit 

t eory9  a cot of intogrodittorontial equations of greater or loss 
comploz ity depending on the machine predict the whole tranotant 
porformnnoo of the machina, The solution of those ncn.litoquat 
ions arc frequently a fmdn'le tash. A very convenient method for 
studying ohulctnoous ordinary iutreg 	fforontial equations (both 
linear and non U ar) is the electronic analogue computer, The 
analogue computer consists of conpononto of various types that can be 
int reonn eto4 to simulate the operation at the system in time 
domain, 

Considering the Pig. (2.1) fid 4th the help of dynamic circuit 
thoory the fofo .ng equations can be developed. 
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3J a 

di 	4jr 

"alc' 	+' d 	+ rd4 " r ' "4 +LM 1 ,) *0  

L 	+Lai 	,(t) 

LaqtL4 Z  q 1 1 	,q + yrd 

* (j 3 q -to,rq Lad 

dv 
''* 	+ TL  

I T L 00 and e450  

the ana3ogtte setup given I ► Wig. (4#2) can be developed. 

4.3#  
j?o3.lol4ng the Fig. (43) , the vol age equations can be 

written in terms of flux-1inkage also* 

r8i + 	e " a  yid (vt + 0) 

r i4 + 	e Q 

Q 
rq q + 	a 0 

d2A.  
Ta, 	+ 

The flux4inkages can be written 

ya aLa's +L 0*80idr- g Bin0 p .  
Yr  aLad0 9mn +m rd  



yP,q wLag s.n0 is 

gout, the oieotro- yr aaaio developed torque., 

a d 

and the energy stored in the electromagnetIc fiel4- 

Laq S r o A iq 

Nov, substituting a valuo fbr 	0 	~ 	a 	ci 
d~ a ter& 	a p .the expression (2) can be constrained to a set of 
first-order non-linoer, differential equations in the form, 

Le L 	coo 0 L q sin 0 

► o0o 0 0 

4$gAt 0 0 L iq 

Vs n(vt )` 6+L ers .n 0 +L q q t , Cos 0 

-► a + Lad .i fir, 	0 

rq q + Vaq to Ca9 9 

paa 	(T +L ie , AiiI 0 	o 	) 

vea' r 

These non-linear differential equettons are solved in d iltal 
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q S 

via 

pir 

Fir 

computer by rge»lCutta ill method., The computrproram has been 
Incorporated in pndix iiia  
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The method of experimentally determining the machine constants 
of 3"phaee induction motor is quite well known. In case of single 
phase induction motors, the problem of determining the motor 
constants is not so. simple. It may be .noted that for a single 

phase motor under he.load condition f the rotor slip with respect 

to the forward field is nearly zero, but is nearly double with 
respect to the backward field. Hence there are substantial rotor 
en lose even at no load* It may be also noted that in the usual 
revolving field equivalent. circuit, half of the magnetising reactance 
is nearly short circuited at the time of no load test, Veinott 
has given a test method which takes care of the above pointe and 
his books may be referred for the details of this method* 

The separation of stator and rotor leakage reactance for 
squirrel cage induction motor is quite a difficult probe . go 

simple method is available for this separation„ Hence the comparisons 
between the theory and the experiment  is also very difficult It 
is well tnovn that the rnnning performance calculation is of less 
importance for the normal motor. The starting performance is the 
prime important factor. In our machine also starting performance is 
very interesting. * The starting torque arises due to different 
impedances of the two rotor circuits. The difference between winding 
impedances must be 'nom as accurately as possible* 

For the present machine, it is considered desirable that some 
tood may be approximate oras, shall be used to determine the 

leakage separately,#  The stator leakage reactance is measured 
separately by a test called the 'rotor 6 tt1  toot# Besides this 

tests  the 'synchronous reactance' of the machine was measured by 
'maximum reluctance' test* Magntising reactances for both the 
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ads oras dotorinod by substracting leakage reactance from the 
'synchronouo reactances' o 

The rotor tupodaneo is calculated from the belted rotor test, 
The rotor Impedance in different In the ttio as so aanca the locked- 
rotor test is done t4cu o once ¶4th the d "u a of the rotor aligned 
with the ct*tor ¶4ridlng axis and the other Is vith q'.axts of fiho 
rotor aligned Vth the stator uin2tng operational impedanco is 
calculated from frequency response method,,* The moment of inortta 
in measured by 'doceelera on tocb' 

'Rotor Out' Test: 
In this method, the rotor t4th shaft is reamed from the .motor* 

End shields are kept fitted. The reactance of the stator u tug  
is measured under this condition0 This reactance is the sum of the 
stator leakage and the inagnetising reactance4 The nagnotininrj  
reactance is duo to the small amount or mutual fluz going through 
the very large .r-gap resulting from the removal of the rotor0  Xt  
Is necessary to find the reactance due to this flute This can be 
calculated from Vainott °e formula for the magnotiaing reactance with 
the nottification as 'g'' the u .r ap length as the ratio of the 
s i or bore and no0  of poles The modified fora becomes** 

(ro r out) s 2 i 'f(C ,y2  C,G4 	z" Ohms 

t?hare, f' o frequt oy in #/S c 
L Length of the stator to Inch* 

*Effective conductors in aorioa,. 
P * no.of polos 

The resistance and reactance are calculated from the readtngs 
taken. The value of X( rotor out) Is subtracted from the measured 
total reactance to get the leakage reactance nio 



Test Readings 
voltage 0 	3'1 v oiko . 

Current * 	t . -  

PoWeE'' 	: 
 

XTotal 
6L. 

;(rotor out) 

' . a  XtAt 	- X ,  (rotor out 	s 7s 

The doe* stator resistance te fwd, The *see resistance measured 
in this toot Includes a small iron loss component. After all ng 
for this loss also the resistance i found to be greater than d.c. 
value which can be accounted for the skin effect* 

Maximum Reluctance Tests 
The present machine when driven at synchronous speed represents 

the reluctance motor. The load Is graduallyr increased and at the 
break point from synchronous to induction run, the power Input#  the 
current and the voltage are noted,# 

For maximum power condition-'m 

'm 	4q  
d I 	+ 

Substituting Xd/Xq 0 K, there are, 

p 	 ) 	 ..u(l) 

I 	CV/ft  Xqlt) (?) 	 •..C2) 

From (1) & 

a/ P./ • a 

43 
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That value of i uhich is greater than one is retained and Xq 10 
calculated from either (1) or W W 

Then IC is calculated$ a,  m XXq 

Tact Rosul 

Po rer input in t `att 	4 	3 3 
Voltage in vols  

Current in Amperes 	0.70 

1 iscelculate6S  

and 	10 calculatod as 3 obas 

X4 i 	a 	5 I 4 o'~^M•3 

Locked Rotor Teat: 

The looked rotor tests are done tvice once with d "a i of 
rotor aligned with citetor axis and the other 4th ;qua of rotor 
aligned 4th stator ozic 1eoping the rotor in looked positions 
the rotor is turnod gradually to get thm maxinnirn doflection,sho4ng  

the alignment  of qa.e 4th stator axis and i4nirum for dimes 
respectively. 

The test results for the experimental madhino are gvon below$ 

Vii) Test results 4th nta deflection 

Power in *atto6 z 
Voltage In volts* 9 s 
Current in Apses 1 S 

B) Toot results  rooult 4th nim defloctiono 

Pover in ' t to  

Voltage in roltsc 	9 6 
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0 
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o~ o  
0 

FI .5aI 
Circuit diagrma fbi" de r: ina ion of 
op~;r^ ion 1 i cdrnces= 
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Prot the loci o rotor Last (rated currant) the values of 
V V 	p 2'p q  are obtatncd 	hoax are obtained by calculating  
the total. locked rotor itipodancoo and subtracting the -stator 
iripedance value frau. them. The effect of 4at oi.wj act ,co is 

"'ori the d*ads tODt 

0e0 tdl?.tI 

The stator inpe anoo from the °xotor'out toot 
11 Ve  + ,j 

* P'?f Rd  d 

St 	 rly the values ibi rpq  anti xrq  in calculated 

14.' 	 2, 	a 	10.6 	"', 

12.c 

8,2 
The torque ozproseion ( 17 ) of Chapter X bus boon developed 

in term of operational tzpedancos, So the calculation of for ueaslip 
eharactortetie dot nds the determination of operational iupodancos0  
The method presented bore Is a slight viodtficattonof that already 

19 
pr000ntcc by Son t MMkins a It ho input impedance at a frequency 
8W £ OOC o ¶4th rotor C t1IaCUiI Is 	for di et Omth) In line 4th 
the stator n m,f0 aide (position being dotorc nod by indication of 



Ca) 

jrn, "OL* _a. 	M e..sun.a, && .&&& , 
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ninirm deflection in the motor), 'hen 

(ml) 

jar 
ihoro 

8 . lc lyo the operational &t o Z (jov) Is o'btaic d 
rot tho follorin I. 

there Zq  3s the input Impedance at a frequency a rc4/soc, 
vi h rotor standstill for qwidraturo ads in line t dth the m. ,f, 
ado (posi.tion beingdoord nd by the maximumdofoc »on of 
arziiotor) 

o 
The connootiono are 3h own in g, (5 l). The frequone' o varied 
.troz vary rr value to rated value, and the inputimpedances Ora 
baro ad, Tho m agni ude end phase difference botioen the voltage 
and the currant Is meoeurod trite the help of a six element 
Ceribrido Duddo]. OcoiUUograph* Variable froquenc' supply is 
obtained fro a separately driven throe phase commutator machines 
A typical oscillogran of current and vo is a is giver in g.(5.2), 
The atplitudoo of (,3 1and Z (39u) ore plotted against 
1Oaj0( 7) T .g. (6 ,3) 0 (.4), The inverse of corner froquoncos 
obtained frot their straight line approximation 411 yield the 
four titie co otirnto A ro T+ o t  $D T.f rospocttvolyo 
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_ CALCULATED 
 

0 TEST  

to 

I 	; 

1 	i 	~3 4 5 X18914 	2 	8 	5 76910 	2 	3 4 	789 o 	2 	4 	C 7tl"!►~ 

	

tO 	 100 	 1000 

W IN ROD/SEC. 

t;11 	x () n trns of o -fr Znor 
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5 67 910 	 1 4 5 0 7  910 	 3 4 ! 7L 

to 	 so 	 500 	 ICOO 

Lø iN IWO/SEC. 



' Daccolor tion Tet' s 
The moment of martin his boon noneurod by the dodo olara. 

tion toots Tho rotor Is allowedtos~ down from no-load to 
1r ror.spooda due to friction. Knoing the frit .on torque the 
moment of inertia can be found out. This can not be tory accurate. 
but has been used as a chock on the theoretically calculated value, 
The theoretical value can be a iculated accurately for the rotor 
en shaft. 

pex'Iinz tally the value has been found out as 
301 a 101, 

The dynamometer required for the teat machine is not available. 
Nonce the load toot has been carried out by the $puUUayybo t' 
nothod. The belt.ondLo are connected to\the trio spring balances and 
the motor is loaded by the usual method, The toot results are 
.hove to a tabular form bolo ii, Froa the results, curves shown in 
figs, (5.5) , (3,6) , & (641) are d e mo 
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0.08 

~ __ 
o 10 	o-12 	0.14 
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(Q) CALCULATED 

(b) TEST 

Slain p.u0 

3 aF 
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r tPfi 1 I 3# 

Tr L 

220 140 	t 2920 0 0 

b) 220 14 	136 2910 0 1 

c) 220 1.21 	O 2890 0 1, 
d) 220 1.5 	M 2960 0 2 

220 1,85 	316 2"0 0 3 
t) 220 23 	364 2.50 0 3.5 

220 3.0 	520 2610 0 4.0 
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• . Tho principle of uirij an otry of the roto toi otarting 
a sin o*phaa4 induatior itoto Is dcvuiopo Lfld br c boon fern to  

be a oaaoofui, 

The uo od of 00n13truetton Is oas ar and eUoi ltob thh aco 
of auiiliciry utndtngoand chMcd rino.. 

The of stoney of the ruiehino to quite good • ccpeoa to 

oonvontionai oingla phaco moors*- 

The to tor can be run in otther direction doondin upon 
the tn1tih . position of the rotor aai h respect 	 a totor  

tiinding. 
luau the above diseunsion 044 con cugoat sea fields Of 

spplieotion, The notor t .Il be p'ticulorly uuft.ablo in the 

fractional and aub.fractianni Tana for a p .aa io tnvo]ving 
licht ctertiaa duty. 

Doi`= the Motor can be a coaziorciaUy oucoosoftil one, tho 
.t i ro dra #baa o should be o r a 

1) The motor can start onir to soo paDt.icular poationo of 
the rotor sitb resect to stmt indin. This denurnds fol the 
poottioning device to oat the rotor in pottion The author 
boltovas that it 10 also possible to construct suet positioning 
device uttbout :mu h difficulty, Porhopo o  the mice ugoste4 by  
D4oc l  may be adopted, 

it) TM rioter has a poor otortinj and ale a t 	* uo0 

It may be noted that the forcoing results are for hay 
Q poritaoAtal machine built from available zrntoriolo on vithout 
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aWrloneo on the doci t of this typo of t chine, ¶iie c ithor 
boUcvoo it e U , be pons1b]o to icprovo the porforuanc o of the 
nachtno Bch needa a .nnb * of nachinoc to be dosigned and studied *  
4ii o the oporitionte1 c  ue uo6 a stanping b .cb Is ria 	.17 
E1Oflt for a four'polo doGil3n. The COO tiara hoax l3r aaturatod beecuao 
of this and be o..oe4 curron to bihor o  

3omo other probiotw thSoh need further study are the effects 
of bemonies and their suppression, The stator current contains 

t 	 frequency 	 ones to addition to the fundwen ]► 
Attoipt may be usdo to reduce those bernonico, Further 4th the 
boip of the digita. eorputore  the ariotia transients can be studied, 
and the chi paruotora can also be apti s , 
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The work Involved by the routine calculation in olirnnation 
of arrays of a matrix can be avoided and the reduced array can be 
written from the full array only by inspection of the following 
rules are applied: 

1) The denominator of the fraction for each element consists 
of the determinant of those rows and columns Leh are to be eliminat.  
ed which are also oomuLon to both# 

2) The numerator of the fraction for each eiatnent consists of 
the determinant foxed by the rows and columns to be eliminated, which 
are common to tho element being considered, together with the rows and 
columns of the dinominator, 

This rule becomes very simple when only one raw and columns  
are eliminated at a time,, eapeciaUy when several elements in the 
array are zero* 

If the lest row and column are required to be eliminated from 

all x32 

 
a ,3  &I 

421 a22 am 

*' *43 x̀ 44 

The result is" 
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'114 	' 'a4l a1 8'. 	" 4 s4 ' X43 A13 

tea_ 	g ;L S a. 
1 	a, *22 444 *44  

ørf32 443 

Applying the above irwpectton rule the satrix (1.5) can be reduced 
first to a 3 % 3 matrix and then to a 2 x 2 matrix,* 

Thus the result is- 

B ► let stage of redaction 

P 2 

and by 2nd stage of reductiorn- 

(pLd+r ) 4►( 	~ 	Lq" 	+ 

P~+ '" 	 Q Vit] 

0 

NOW 
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NOWputting ( +L ) 1 	& ( +L,)=L 

	

and A+diad)* & 	+L1)= q 

r
0 +p ( + Lad) 	1 ad 	`rd 

sr 

= r  

''i:' p(L+L)I 

Tao 

rs + P() 

where  L 

1 	1 

Again 

L 
P q +rrq 

(LI +L~q ~* 
P (4 +LM) + v 

* & Q 	Qr +Lq) .0 

1. 	rrq 
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(LL + L) I I+ 	p ( 	+ 
0 

~Q 
CZir1 + L )I. 

a Lq(P) 

a*r 	ri 	aq 

q0 	 + aq) '4 
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In ealeulation of gap co-ef'fictonts the following assumptions 
are mades 

1) The ►r-8 tg$ mer the eoli -pole Is assumed to be 
wd.forvt. 

2) The .r-gap 'g' .under the triter ole Is also assumed to 

be uniform. 
3) with uniform air.-gap the spetial flux distribution in 

the air-gap in taken to be sinusoidal, 
4) The flax enters the rotor radially oven over the portions 

occupied by thetutor-pole, but the magnitude in reduce. In 
proportion. 

With the assumptions made the flux density wave in the »r-bap 
portion can be represented °ns In Pig .1.  

sin a  

whores 

e~ 
Baa 2 • h8" 

The fundamontal component of the wave can be analysed by Fourier 
series analysts, 

14 

* 4- C 19(0) s n 9 da* 

* + at 
Jsin2ada. 

q "" "' /o
"  L J f stn 2ø } do + 

7t 

sin 9 dO1 
d ~ 

d A 

* 	x + 	UU-con 0)de 	t da 	d 
0 

r Ni 
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A014 [ 	(o(4 *in 2°c) + 	W/2 wo) I+ sin 2 ajJ 
+o 

.'. the peak `l density at any point on the salient 
polar region 

2 a 0] 

0' . To calculate C s 

per . 	t 
d 	 U t 0 a+ t axis 

A 

NW$ a 	J 2 8(0) sin 1 44 

J 2 	ein0 di 

a r A. S C f (o coo 2 0) Q0 

/4 W$ 

00*Cd 

(o(4 sin 2o()+ fU 7/2.d) sibs 2`a 

To calculate q* 
The peak fluzdonsity ab any point on the Interøpolar regions 

4- Slj~sin2ade~ 	do 

* 4. 4i Z 	49 	i s2 s 1 
i'a

f i.co 
 

~ 	. C 
	J (li.sOe 20)60 	20)60 

+IoM 1.791 ('/ d **} 1 : oc 	<fisin 2o)] 

T" 1 C y~ i
g

t, .. `: ..* 	i- 	a  ~rature xis Y ux 	"~' 



Naw, putting the values from . I (A1) pro can 
calculate. 

CA 1,04 
'4 	 oçi 

and Cq 4 '1'r$O 	 ~' r 	? 2 



r 	r 



' ' 	1 

C C 80W4 OF DIV? QI "R TRANS CO ► 11 CUATTRJES BED UOR 
DIKI ION 2(6), PD(6) ,Q(6),x`(6,5) 
DIMENSION AX(4), CX(4) ,R(6) l (4) 
PYER 10 
10 70 MAT (MR A$12xtz t Z, U :O , 3 , ,.3HXQ2, 9X,4}i ) 

T 

vis 23O,O1.414 

X10,5 

£L*1.38 

X81.42 

HMD*520.0/V 

'0111,,47000N  

RA  D1 TWA 

1 ?OB *T(P1O 2) 

DO 2Ta l# 
Z(X).O 

TaO,d 
? sO,+ 5 



CALL SOZ EQN(F) (3, 4)  
DO 3 1 1,3 

PD()*Z( 
TE Z() *Z() *1(1,3)+z(3)" (5) 'P(1,2) 

£ 	* 

AX(2) * LO QfT?(O.6) 
AEE3) w ,,,t 	 ,5)  

70 



BX(4) *2 O. 

CX(1) #s 

CX(2)aAX(2) 

CX(4) . ' 

Cl 4 1*1,6 

HO 4 :4114 

4 COWfINt11  

P1 fl6,(Z()I%*Ito) 

00 TO 5 

STOP 

END 
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DESIGN CO RD RA'r o 1* 

The problem of design of any rotating machine can be 
considered In two parts • The first part to calculate the perform«* 
amee of the machine from the knowledge of the machine geometry and 
winding details. Thia is normally done by calculating certain 
basic machine constants and then applying the methods of machine 
analysis to calculate the performance* The second part of the 
design problem is to determine the machine geometry and winding 
details from the performance specifications. This has to be  
more or less arrays tactcled by trial. and error method, Since a 
large number of solutions are possible in this case, a certain  
amount of experience is necessary to arrive at a satisfactory 
solution without spending excess ve amount of time. 

It may be adde d that this machine has not been commerciallye 

manufactured uptil now and hence large amount of experimental data 
is not available to verify the methods presented hors* This study 
is presented here simply as a begi.ning begin . and many assumptions, 
formulae etas can be modified later in the light of experimental 
results. In fact, the experimental method of determining machine 
constants itself can be improved. 

The foliowtng procedure as foal ed by the author may be 
suggested tentatively, but will be mod fied in Ught of further 
experience, Familiarity with design of normal types of single 
phase motors is assumed.. 

1) The frame site and main dimensions can be kept Same as 
far a spl topbase machine.$ 

2) The stator stamping can be se ectedas for a normal .motor* 
Since no auti diary winding is needed, it would be 
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dof 1rable to omit slats rorrnaUy noad for awditary ading 
and flU. the slot spaces. 

3) The stator 4n6lng can be deoi nc d as for normal motors to  
socuro a good tiati.fo avo shape. 

4) Tho sir*gasp should be icopt as l ga as poeolble to reduce 
undesirable of ects of harmonics 

S) The rotor stamping can bo soloetod an for normal notorao 
The sad ring soetion can be seloøtedselected to give about 10 to 16 
percent of rotor resistance. Closed clots are do &rablo in 
reducing troubles duo to pormeance harmonics q although it 
,.ii contribute to higher leakage* 

6) Skewing is a considered abo1utoly essential. 

7) Tho amount of rotor di semnotry shall be Itept as io as  
10 porcont or so 

The design can be completed follc ng the usual trial and orrci 
uo od to achieve the desired performance. 

Principal Dcolgn dotes 	Z • ~ . 
Stator frames 

io, of slots a 

Tooth pitch 	` 	in 
Polo pitch 	 5' iia 
Outside din 	n 6 in 
'Fora din 	10 39 in, 
Slack length a.3 in# 

230 	s:47L ~+~W." ,says 

Material o Special hyn(O.O2O" thick)cteol manufactured  
by Ma Sankoy T ,actrical Stampings Ltd 



74 

0 	 0 

0 00 



0 00 

0 0 

6~1 

CD 	CD 
CD 	C:D 

0 0 
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8t tor" Wir c1jT s 
to, of coLiu 
froquoncr 	a 50 c% 
Coll pitch 	0 
acs.of Palos 	► 2 

10 of turns pox' coil 0 22 

o,of turns in sor cuiv 528 

Each coil of 2 strands of 22 8 4V1 #0 # snpor onaneU,od 
coppor w1ro,- 
Double layer resistance t 28°C 0 12,1 oh3rn.. 
Stator leQkago roaotQnco 	c 15,4 ohm d 

Rotor Stampings 
Out dto 	=3 in. (unftni hed) 

x' gap 	a 0,6016 in. 
fiorodiQ 	a IIn 
to6of slats (unahmp+ ) s33 

o.or slots (After shap n) o 30 
Stack longth 2 	in. 
!4atorici a,  Special hy''s (0.020" thick) otool 

mar ufacturod by Ws. Sankey l3ioetrieni 
Stampings Ltd, 
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