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Theory of starting torque calculation

Introduction The calculation of the starting torque
of a single=phase induction motor can be done by two methods
first, feom the equivalent circuit of the motor, and second
from the physical parameters of the motor., In this thesis ,
both methods of finding the starting torque of an induction

motor will be derived and caleulated.

Calculation of the sterting torque from the equivalent

gircuit. In order to find the stsrting torque from the
equivalent circuit of a given motor, its equivalent circuit

nust be derived firat.

24241 The Equivalent gircuit It hae been known that

the main flux of the poly-phace induction motor is a rotating
flux, On the other hand, the main flux of the singleephase
motor is an alternating flux, fixed in space. It is posible
to set up the fundamental equation of the single-phase motor
and derive its operational characteristie: on the basis of
the alternating flux. However, it is also posible to set up
the fundamental equation and derive the characteristic of the
single~phase motor on the basis of the operational charac=-
teristic of the poly-phase motor. This latter posibility
is based on the fact that an alternating mem.f.(or flux) can

be replaced by two rotating meme.f.'s ( or flux )

It has been found that the alternating m.m.f., is given



by the equation,

mem.fe = 1,8 % ‘dp I sinwt co.%[_: (1)
When

N s Number of turn

P = Number of pole

de = winding factor

1’ = pole pitch
applying eqe.(1l) by the relation
sinX cosp = g Sin (D“--Ii)#é sin (4 B)
there result

Belefs & mg%x Innuw-;ﬂ+03§ K, I sinl

dp
(wt +%§x) i.04y the alte::ating m.m, fs can be replaced by two
rotating m.m.f.'s traveling in opposite direction and each having
an amplitude equal to half of that of the alternating m.m.f.
Use will be made of this property for the analysie of the single
phase motors To these two rotating m.sm.f'a there correspond two
fluxes rotating in opposite dfrections, each with synchronous

speed,

The rotating flux which travel in the same direction of
rotation as the rotor is ealled the forward rotating flux while
the rotating flux which travel in the opposite direction to the
rotor is called backward rotating flux. |

Contrary to the polyphase induction metor, while the

rotor e.Mm f, is induced by only one rotating flux, it is induced

*Liwschitz,Garik and Whipple, A = C Machines, 2°¢ edition, \
\
DeVan Nostrand co. \



here by two rotating fluxes, and the influence of each flux

on the rotor is to be considered separatelys The effect of
each of the two rotating flux on the rotor of the single phase
motor is the same as that of the single rotating flux on the

rotor of the poly phase motor.

Assume that the rotor has a speed n r.pems Then,
according $o the definition of the slip S, the slip of the

rotor with respect to the forward rotating flux is

HNen
3 1-% 8
[+ = = - =
4 N N,
Where N. = Synchronous speed r.pem.

Since the backward rotating flux rotating pepposite
to the rotor, the slip of the rotor with respect to this

backward rotating flux is

N_=(=n)
3b = -JL_ﬁ:r____ = 1+ E. = 2«5

General Equations

It has been known already that inthe induction motor,
contrary to other electric machines, only one machine part,
the stator, is cunnected to a source of powers, The fotor of
the induction motor is not connected to any power line, but
receives its esm.fiand current by means of induction., This is
the same principle as the transformer and the transformer
principle is applicable. The vector diagram of the induction

motor is shown in fig 2,1
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Fig 2.1 Veltage and current diagram of the induction motor,

Kirchhoff's mesh equation for stator at standstill is

“WeB «iL1x = I, 7y
and that for the rotor at standstill is
il 'i (] . 9 [}

The induced e.m,f, in the rotor by the rotating flux while the

rotor is running at slip 5 can be expressed as

L] £ o

L]
Eog = 8K,

Henee the Kirchhoff's mesh equation @f rotor circuit while rotor

is running at slip S becomes, o a9
. s B,= I, ¥
si, ° 3%, 2 5 %3



t ]

and B, -3, xy - 1’182 . (3

When the rotor is rumning at a speed n, the speed of the

m.m,f. wave produced by the rotor is N'- n . Since the rotor
speed is n, the speed of the stator m.m.f. wave relative to
stator is N‘-n + n, which equals to N'. This is the same as the
speed of the stator m.m.f, wave relative to the stator, iee4y
rotor and stator m.m.f.waves are stationary with respect to one

another at any rotor speed, 5o that the basic equation for

transformer is applicable to the induction motor during running,

i.eey
L] * 3 L] L] [ ] L] ' L]
L+ £AY B R Ig-=~5 I,
] L] ] L [ ] g * L] L]
- E =B, =L+ 1) 2, =1 2, (%)
Where I1 = primary current
*
Iz = gecondary current referred to the primary
currents
I- = magnetizing current.
31 = dinduce voltage in primary by main flux
P
Ez = d4induce voltage in secondary by main flux
referred to primary.
Ii = main flux admittance
- = main flux impedance

The two rotating flux induce two e.m.f.'s and two current
" B
(sz and I, ") of the frequencies of srl and (2es) f1
respectively in the rotor circuit. Since the frequencies are
different, the two e.m.f. and their-current must be considered

separately, i.e., two Kirchhoff's mesh equations must be set up

10



for the rotor,

From Eq. (3) ézf" 3 iat' xa' = izf rs' (5)
bl ] e | ' b L] 1] (6)

and Ezb - 3 Izh xa = IZb rg

2=5

The e.m.f.'s Ezr and Ezb become,

| .

from Equ(h) E,, o (2 Ty ) £2” 49

bt ]
and Ezb

- (11+ Izb ) z n (8)

'
where (11 + I, ) 4is the naé;tizing current of the forward

3
rotating flux, and (12 * I, ) 4is the magnetizing current of,

the backward rotating flux.

All quantities mentioned before are refered to the stator,
therefore, the e.m.f.'s induced in the stator winding by the two
rotating fluxes are also equal to Ear
Kirchhoff's mesh eguations for the stator are

] ]

L - . .
% ol Rl ol o
» . ] L] ]

and El = Ear + EZB .

Therefore the equivalent circuit of a single~phase induction

motor is based on the egquation,

71 = Il(r + j H)-Ear - E h
o Il(rl+ J 31)+ (Il+12f )Z *(II*IZb)Z (9)



Deriviation of Equivalent eircuit

Eqe (9) can be derived to give the equivalent circuit
of the single phase induction motor as follows:ie
® ] » L} L 2 L] L
From Eqa (5) E,, = I, T, + JI, X, (10)
5
From .  (3) B,y = =X B, =T, % (11)
Subtracting Eq.(11) from Eq.(10)
af '+ 3 x + ) -1 Z. (12)
E
. 5 "il %-
Then L =T (13)
L J %, +2
From Eq. (6) EZB' = :23. rz' + 3 izb' xa', (14)
2=5
L ] L] L ] L] L
and from Eq.(8) Eab = -1y 2 =1 2 (15)
Subtracting Eq.(15) from Eq.(14);
. 3 r T . . e
Iy (E:E- + 3x, +Za) « I, 2 (16)
» »
. 1 e I z
Then I, - - (17)
rz v »
2.5 + 3%y ¢+ 2y
Put Eqs, (13) & (17) in Eq. (9),
. Il zﬂ . . il z-- 5
v, = Il(rl-rd:lh (I - - )3.4(11-;1——-———75‘
g* Ixy +2, 25+ szlz_

12
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P TP
= 11 I_(r 43:1)+z (1~ —-—-—-.—) +z. (1o —-2 Mo (18)

'+ﬂx +z

¥a ' 2
2.5 *ix; 47,

L]
r

et Iy = rye dxy 4 Zy, = == 4 3x, s
]

. r 0
sz" E—%-g-o sz', and za - re jx.. Eq.(18) then becomes
e 2 A G saks )+ 2, (-3 ) |
1 g L% z % m o +2y
2¢* “n
o AN Yy
= L[yt m 2 ] (19)
u' 228 ig * B2p

The second term in the bracket is the impedance of z_ and

z connected in parallely the third term in the bracket is the

L]

2¢
L]

impedance of z. and zzb connected in parallel. The equivalent

c¢ircuit of the single~phase induction motor can, therefore, be

constructed as shown in Fig, 2,2

Vio = 9%y
0—-—--—-M-—W\-—-——--—w|
T l
Y\ []
If l - ig [’% ri/s bl
SRR R | Tz¢
g 7Y
v, L

Fige 2.2 Equivalent circuit of the single-phase induction motor.



24242 Derivation om Equivalent circuit

Parameters

During the starting period, the capacitorestart motof
can be cendidered as an unsymmetrical two-phase motor i.e., the
two sets of stator winding are displaced in space from each other
by an angle of X electrical degrees and the impressed voltage is
applied to these two windings instantaneously. Assuming that the
machine is not saturated, the superposition of the two fluxes

becomes permissible.

First consider the wain winding only. Fig 2.3 is the

equivalent circuit of the main winding and can be simplified as

follow,
im Kym
rmE % '
™ /5
vy :
Xyn 3 § X,
o b ez
[ /
m ? Rn/l2-5
T
%o s
| | Ak

Fig 2.3 Fquivalent circuit of the main winding.

14



From Fig 2.3
Ze

For which R ¢

R+ J X
£ P
A(r!orzls)onxgxn

( T+ 22}5)2 + (sz.)z

[ ]
B (r!+r2/s) - AKZ I-
7

(r‘+ *2/s )2 + (Kaxnlz

'
B (rn +r%(2_s) - A szu

(r + rz}a_s ¥* % (K, x.)2

Fige 243 can then be simplipid to Fig, 2.4

(€]
G
'
(€3]
&
P
G

10



Fige 2.4 Equivalent circuit of the main winding,

The guantities By, and Eyn Shown in Fig, 2.4 are the

components of v' necessary to overcome the impedances of %, and

zb the corresponding induced e.m.f,'s are

and

-Ef.

- B

= =1 (Rge X))

= -i‘(Rb-tJI.)

(20)

(21)

Each of these two e.m.f,'s consists of two components,

one in phase with I , the other 90° ahead of I, Therefore, with

= V2 I, sinut

16



the instantaneous value of = E!h and = Ebn are

oo = -Fzzu[ntnnwt+xfain(wtolr§)]

- -Fa:m(nfsmwtq-xrcuwt)

- -J_EI.( Rbmuit'bl cos wt)

“ ®um b

Current flows in the starting winding only. It is assumed that

this winding is placed o electrical degrees ahead of the main
winding with respect to a forward rotating flux, i.e., with

respect to the direction of the rotor.

Assuming that winding has "a.cff turns,

and the main winding has N turns,

myeff

Let N-.oft . .’Nngcftq
A voltage V. iz impressed on the winding and it carries
the current,

i, = 2 1 sin (0t ey)

Where I' is the r.m.s, starting current.

The equivalent of this winding is shown in Fig. 2.5

17
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I:S a fm * /e
z [

=

Fig 2.5 BEquivalent circiut of the starting winding,

] '

Where Tar X0 Tp and x, all refer to main winding. Since
the starting winding has a H" of? turns, these quantities appear
in its equivalent circuit multiplied by agrh and X, g are not the'
actual values of resistance and leakage reactance of the starting

2 2
winding but the actual values times 1 /'2, sothat a rl > and a % g
are the actual values.

The fig 2.5 can be simplified to Fig. 2.6 by the same

procedure as for the main uind,'_lng
fc X¢c « ’?s.a-lx-!s
F—AAAA—

:r——NVV\'—{
———— O}Ef;
Ls Bfs )
a Xf

VS ~—

§ &R

Ebg

3 a.zl i

L i

Fig 2.6 Equivalent eircuit of the starting winding.
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From Fig. 2.6

- By, ==1_a° (R, +§X,) (22)
-5, ==I, a8 (R +3x) (3)
- ey .-ﬁ:a & [Rp sin (wt + ) X, col(wt-nf)]
- e, "ﬁzs“z [nb’in (wt + ¢) + X, cos (wtd-cf)]

Both windings carry current. Since each of the two windings
produces a forward and backwarl rotating flux, the two fluxes

of the main winding induce two e.m.f.'s in the starting winding
and vice versa, the two fluxes of the starting winding will induce
two e.m.fy's in the main winding, The four fluxes and the e.m,f.

induced by them are tabulated belows

flux Enf's in the Mewinding Emf's in the S-winding
? on - ifn' - i-(nfdlf) - il" tu™ =8 Erf- Jec
Fom Al ;'bl- U ia(Rb A i ;;a.bn' 5 ible o
L] . -jo( '] . a
Pe e 0 (1/')31;'9 = Epg = =T (Rpaixy)
- . . D( L] . 2
%us " Bpuem(l B E I - By, = T atRn,)

With respect to the esm.fs, induced by the forward flux of
the main Iinding(ﬂm) in the starting winding, E sfm® Lt should be

remembered that the latter wimding has a N

nyeff turns and that it
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is placed Xa head of the main winding in the direction of the

forward rotating flux, thus

- L]
" 1 & 8%
Ea.fll . T E:!i

With respect to the backward rotating flux of the main winding,
the starting winding is placed behind the main winding by the

angle o ¢« Therefore,
i e -j <
= ﬂ’bﬂ aa nbl.
with the same consideration, the two emf's induced in the main
winding by the two rotating fluxes of the starting winding are

1, 2 =34
m, s - -(:)E&J

fm

and
L]

L s &
* Rashs = i(%) Ebncj
rewriting the above equation gives,
- E..m = =al( Ry # §xe 3%
= «a i‘ [(Rf cos A= X, sin«A) ¢
+ ] (xf cos A4R, sin a()] (24)
-E-.“ = -:i.(th-Jx.b)é
= a I.I (n.o cos L+ X, sink ) +
§ (X, cosx= R, sind) | (25)

-Jo(

+

uts * ~al (Rr-l' ;1):,)@“30‘C

= -aI.[ERf cosd+ X, sind ) +

4
+ 3 (xr cosi=R, sindo )] (26)
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= Eg,bs

=-a ia (ab+3xb)<-:3°‘
= =a I [(nb cosx=X, sin o )+1(xhcono&bnbsino£)] (27)

The instantaneous values of these emf's are

-0 0t -2 a - N [(Rtoosu(- X g8in ) sin w t+(X c08 +Hflilo()

cos w t]

ba.tnat) sinwh(xhcos v(.-th sinx)

coas wt ]

-e ., =={2a I :(Ebcblo('t X

sybm

ol WY {2 a I, ;(Rteosoc«r x,aua() sin (wte tf')av(xfc(uot -er.nd)
coslwt + (4 )]

TR -2 a I.[(Hbco-oi-xbsinp()uin(whtp )+(X cos« 4R, sin« )
cos( wiel )]

For the main winding,

"'E "E'hn' mgfs” ‘mybs” Sim Ximtd OMpg Ig = I P (28)

and for the starting winding

L] L] - L ] L

Ve = Ep, = B E.' u” n..h-- 3 i. (xc-uz:l.): JoM ._i.- J.."(r‘ouzrl.?(i"?

The terms + 3w!lu ]:B and 4 Jml!“ I- are taken into account for
the mutual induction of both windings by their slot-leakage and
harmonic fluxes, Imserting Eq (2) to (27) into the Eqs (28) and
Eq. (29) gives

{r- = i. [(rh-u-jxh)-ptnfrjx‘)-rtahoij)] o;.'.{a [(n’oudox‘lind)
+3 (Iteout-k‘d.no()]-u [(n.bcon o= Xy sind) +
+3(X, cos « + Ry sino()] % jw).h.}



v = i.s {Ercoazrla)ﬂ(xcq-nth)] uz(nfux,)uz(nbdxb)}
+ i’.{a [(Rfcoso{-xfsina()-rj(xfeos X 4R g8inA )]

+a [(R.bcos A4X, sin K)+j (X cosd -Rbsino()]t jwﬂu}

The emf's & jw Mg Tgond £ JwM I can be best taken care of

as part of the slot and differential leakage, i.e., as parts of
3 I- Xh and jJ I! xu

With the abbreviations

2
1‘ = 1y #R4R, 1‘ = T +a (r1 &R 2+Rb)
2
B = X atietXy Bs = xea (X 4X X))
1.1»3-. s R Lo+l Wy Z’

n
=]
=

a [(nfnb) cosot.-l-(xf-lb)sino(]
a [(Ifd.b) cos L -(Rrﬂb)ﬂino(] = q,
a [(Rfmb) coB K = (Xf-xb)sinuL]- tl

a [(xr-rxb) cosaé-r(Rf-Rb)ad.nA] = *’2

%q " 949

ét = Hes

L L] . . .

n = I oI, 2
: i R

v = X 5535
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For the capacitor start motor at the starting instant, S = 1
A “}z' Yn®Ves Ve R lp=Xy
Q = a (xf -xb') = 0y t,= =a (xf-nxb) =0
QR == A(R‘-Rb) = Oy tal a (R’-Rb) =0
» ; % - 0 ;
I. = ——
Z‘.ﬁc‘- (4] 8-
v
: vz =0 v
I = #-L = -&-
s z. z- -0 8
v
v 1-"’3:;
f =ty
.
= tan
w V Vs raL
Ym = tul.:l




2&

The power of the rotating field and the torque. The power
of the rotating field is determined by the sum of the produet of

eelms fo induced in each winding and its current,

The instantaneous power of the rotating field is
.fs..ll.b!)] V2 I sinwt +
- [(.fs-abn)"(..,f-.s,bn)]ﬁ I sin (wtes l-f) watt,

Protating field = [(01.’1-0“)4-( e,

By substituting 's. fa® °s.bn' o.' ua.nd o.'b. in to the above
equation, two terms for the instataneocus power are obtaineds one
term is independent of tine and represents the average value of
the power of the rotating fieldj the other term depends upon 2wt
and represent a power which alternate with twice the line-frequency.
The first term is
Protating field average =(I 2”21 2) (R )
n 8 2%y
-2 I. I.{R‘coa(o(q- lf)-l-(n..coa( o(+l}’)] watt.
and the second term
Protating ficld alternatesI °[=(R =R )eos 2 wte(X =X, )sin 2wt] +
- o ] _
+8" I_%[=(R~R )cos 2(w t+ (PIalx =x,)
sin 2 (weslf)
+2 1 I a cosd -(Rr-Rh)cos(}.’w tep)e
+(X =X, )oin (Zwt«rtf )} watt,
The average torque is

7e

T ave = Prot. foave  1b = ft. % .

s
during startods 1 /2

* Liwschits, Garik and Whipple, A=C Machines, 2*%edition, D,Van
Nostrand Co,yNew York, P,140 = 1k,



Protating field average = (1:'4315) (R~R )42 I T a(R 4R, Jsiny watt.

Protating field alternates I Z[=(R,~R )cos 2 ts(X =X, )sin 2t t]
+ 8t I.z ]}(anb)GOI 2(wtr s )e
+(xfplb)lin ztoatttf)] watt,

At S =1, Rt = Rb and xt = xb.tlorotaro

Protating field average = 4 I,1,8aR,sin \y watt,
and the starting torque

T - -;:25 hal, I, a.Ry siny Lb-ft,

24243 Determination of the Equivalent Circuit Parameters

The parameters of the equivalent circuit of the single-
phase induction motor can be determined by no load test and

locked rotor test.

ls The No load Tests The given motor is run at a rated
voltage Vl. With the starting winding open. I° and Pe are
measured, |
At the synchronous speed, there is no difference in
speed between the rotor and the forward rotating flux, but there
is a difference in speed equal to twice the synchronous speed
between the rotor and the backward rotating flux, therefore

H
Izb flows in the rotor of the single phase motor,
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Fige 2.7 Equivalent circuit of Single phase Motor at
L
No=load. Since r.* 5 2 is large in comparision with ra/z +

] ] 3 r
+.182 v I = I°. !tmhmuledthntrz B —2-.

Hence the rotor copper losses gt no load can be assumed equal
2

The power input at no=load P° congist of the iron
losses due to the main flux Pb*.. the friction and windage
losses Pr+'. the rotation iron losses Pir, rot, the copper losses
in the stator winding :I:a2 Ty qnd the copper losses in the rotor
winding 0,5 I,° r,. Subtracting from P_ by the sum (P,b'+l,%n

+ 0,5 1,2 5,) | the remainder s the sum of P, * PArs Tot o
It can be assumed with fair approximation that the irom losses
due to the main flux are equal to 5 (P, sPir.rot). Thus the

iron losses due to the main flux, which are necessary for the

* Liwschits, Garik and Whipple, A=C Machines, 22 edition, D.Van
Nostrand Coey New York, P, 128 - 130.



determination of the perameter rLe are known,.

It follows from the equivalent circuit that, for neo

load ( 8~0)

¥, o2 o (2 k.2) :
L%% ¢ By 2 ’
'
2
Where Kz = 1 4 Tﬂ?
vy K
or x -!;- By

x, can not be determined from the above equation because K, is

unknown, However, Kz varies within narrow limits, usually between
*

1.03 and 1,07 , and a certain valuwe for X, can be sssumed at first.

This velue can be checked later., A knowledge of x is necessary

for the determination of ru.

As for the polywphase motor,

Pree
- =
BxVy=I, %

El consiste of two parts: the voltage across the forward

' U

branch EZf s ané the voltage across the backward branch EZB'
° ]

Since (r.+jx‘) ie large in coparisican with (ra/2+jxa). the

B
voltage ‘2: is large in comparision with the veltage Ea;. It
can be assumed that the ratic of the two voltage is the same as

that of the two impedances (rn+3xn) which is approximately equal
. '
jx. and (rz/z) + Jx, deesy
* Liwschits, Carik and Whipple, A=C Machines, 2°% eddition,
DeVan Nostrand Co., New York, P 128-130.
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%]
n
"y -

*m

Qz, = C.
|/(r2/2 )z + x, <

|

v

Since E1 = Eai’ + Eab'
' c

therefore, Ez:' 1:1 w5

Assuming that the iron losses are produced by the forward
rotating flux only, because the backward e.m.f, is small and

therefore, the backward rotating flux is weak, then

E. Al he e
E L}
2f
2
Further rm ~ ;. x.

Thus the no load test yields the main flux parameter =
and L) provided that the resistance ry and rz' and the leakage
reactance X, and x; are known,

2, The Logcked Rotor Test. This test is made with the starting

winding open, and VL . IL and PI. are measured,
Y, I~ —3-1-'- R. = -——PL X = | 2- 2
4y, i Sl et B L
L

The equivalent circuit for the locked roter test is shown in Fige2.8
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Fige 2.8 Equivalent g¢ircuit of single phase motor at stand still,

From !'ig. 2.8'
2 1'2 N
saryl Tyt T il ey
2

Yield with fair approximation i.e., at standstill the equivalent
resistance of the motor is approx-ilatalf equal to the primary
resistance plus twice the rotor resistance, since K2§51 and the
equivalent reactance of the motor is approximately equal to primery
reactance plus twice the rotor reactance,

The value of ry is measured separately. Then, using the
measured locked = rotor resistance RL v

R n'x'";i Ky>

For separation of %y and *2.' it is usually sssumed that

i Gl okl o



L]
With these value of % and X5 8 the previously assumed
L
value for Kz can be checked, and the resistance r,, the

quantity C and the resistance r, can be determined,

2+3 Caleulation of the Starting Torque from the Physical
Parameters of the Motor.
The starting torque cf the capacitor start induction
motor can be calculated from its physical dimemsions, the winding
diagram and the value of the capacitor. The starting torque
equation given by C.R.Boothby; with the correction by R.H., Trickey

to take into account the effect of magnetizing current, is given

g 188 p B R, Ry By (X X) E
st T D M gt
¥here
L -
Kr = leakage flux factor = 2 %

K = pratio of effective conductors
N C .

R

m. wm
4 = no, of poles,

Rra = protor resistance in terms of the stator main winding

R = sum of resistance in starting winding and rotor
resistance in terms of the starting winding,

R = Total main winding resistance in term of stator main
winding,

* John H,Kuhlmann, Design of Electrical Apparatus, 3" edition,
John Wilgy& Son, Inc., New York, P.356 =380
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xln = Total leakage reactence in term of stator main winding,

xla = Total leskage reactance in term of the starting
winding,
Ic = Capacitive reactance of starting condensers

In order to find the above resistance and reactance, the

following steps have to be followed.

1. The winding digiribution factor. The winding distri-
bution factor is a weighted mean chord factor of pitch factor and is

ealculated by multiplying the chord factor of each coil per pole
group by the turn in the eoil and divided the sum of these product
by the total number of turwnss

Chord factor X t in co
Total no. of turns

'o D.F. =

2, The length of half mean=-tura. For concentric
type winding is

b2 (D + 4.,)

L.. = S' - X slot span + 1

= dia of stator

-~
n

depth of stator slot

w
n

number of stator slot

("
"

lengh of stator,

3. The resistance of main stator winding.
L— n! X 0,692

- 6
axs X 10
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Where Lan = length of half mean turn of stator main winding

K. = number of series conductor
a = number of c¢circuit use,
s.. = c¢ross section area of stator main winding,

k., The rotor resistance per phese in terms of the main winding

of the stator.

2 R

iie Ny c:;; AN) %Nb - %ﬂ' Kpgng)
Where m = no of phase use 2 for single phase

r = conductivity of the rotor bar

1b = length of rotor bar

sb = gection prea of each rotor bar

Nb = No of rotor bars.

Dor = outside dia of end ring,

ser = ISectian area of end ring.

Kring = Constant to take into account the effect of
non=uniforn current distributionm in the ring,

prepared by Pe.H, mokey. found in Fig 2,10

5« eakage ctanc

For fractional = horsepower induction motor,

R, x AT Ry 108 [é-%gl][ P, ¢ -25- r”] ohms
8
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No of series conductor for main winding

length of stator

No of stator slot

No of rotor slot

stator slot reactance factor,

rotor slot reactance factor,

6. The zigzag leakage reactance For stator and rotor in
term of main winding,

g

Wen 0
W te1
VVtrl

ts

Y1r

274 nlzc“z X 108[—’-2—2 é ;][kuﬁi—t;;‘t g;t* = 2]
8 8

length of air gap
width of stator teeth at air gap surface.

width of rotor teeth at air gap surface.
tooth piteh of stator at armature surface,

tooth pitech of rotor at armature surface.

7« The end cmmmection leakage reactance

e

When D

dg

P

2% n2c 2x 10° [Tﬂmmg;nw]
S
B

diaes of stator

depth of stator slot

nce of poles

8. The skew leakage reactance

X

O gx®

LT 5



Where I. = magnet! izing reactance.
© sk = the rotor bar skew expressed in radian,
Kp = stotor leakage flux factor usually = 0.95

9« The magmetizing reactance.
fy2¢ 2 3 Q.65 1
Xy s 2T N2 e 2 x 20 T

o Kp Fg
When 7J = pole pitch of stator gap circumference
K = gap cooficient
Fs = saturation factor usually = 1,2

10. The slot reactence factor F_ o F

For slot of this shape

2 dy
. ~F g;s"%:.""av'az

[} = c¢oustant found from Fig. 2.9

11, The Total leakage reactance of stator main winding plus

rotor in terms of tue main winding of the stator.
Xll = Ks+ xs *X, + X.k

12, The open=cirguited reactance, of the main winding with

secondary open,

Xim
x° = Xﬂ § o

13, The leakage flux factors
- X
K & E!___JEE_.

r

xﬂ
Kp = {i;

3k
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14, The ratic of effective conductors

N c
K ,.L'.E&_
Ng* Com
15, The total main winding resistance
Ry = Rom * Rem
16. The rotor resistance in term of starting winding
R = X
ra " er

Rru = rotor resistance in term of the stator main winding,

17. The total resistance in terms of starting winding.

18,

L, = KX,

The mum starting torque The maximum starting torque of
the motor is found by setting the derivative of the starting
torque with respect to x¢ to gero. Solve for Ic to obtain the
capacitive reactance required for maximum starting torque are
shown bellow,

From starting torque eq. given by P.H. Trickey erenee
T = e ; 5% Rem ?l;ll' !"1.?'b’ ¥ ¥
8 in 2 21ig 2
Lnl * xll]lnl +(Xy4=Xg) ]
* John H.,Kuhlmann, Deggn of Electrical Apparatus, jr‘d shitien,
John Willy & Soms, Inc., New York, P.390.




.l 1.88 p ;ak R!!EE s K

Ri"'x:i . X,

R ﬁ «R !( «X_)
Then T«5 = K- > N '2
' EZ[Rt."' uln" xe) ]

;_;! - ;L— {[Bi ¢ (xla'xeﬂ R-E. 11.-8.(!1‘-!.)]

. L~ (tyyn £ ] }

R 4-(11‘-

Therefore
2 2 2
zi RtXy o Ry 2Ky, X R, ¢ X R 2R, Xy Xy "2 X1a

a 2 = 0
* 2Ry X Xy =2K, B Xyg*2Xy RKa~ 2 %" Ry

Rewriting to,

2 2 2
- Ry Xg ¢ 2K (R, Xy = R, Kyd* Ry BuoRy Kia * R X 10500 =0
=2 (R, Xy = B, X3 ) tfna-hac

Whorofnz- h aAC -1’[2 (R.I Xiy * R, xh)] % + knn (RE R=Ry

%o

*ZRaxllxll

2 2 -
-/&Raxh -Mra. R
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o FT
= . R.-}xl'
= ERIS.

Thus for maximum starting torque

2 N -23.& +znaxh=zn‘z.

c -2 R- - ZR- - 2 R-
R
. Gt gt ey
Considering,
R 2 R_2
- % if we use + —}‘-E-—;—.- the X, will have

R, &
minus value so it is invalid, Then e
-2 R
n

will then be used,
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