
Ch1. 72 

Su. 

DLI GN OF A 	LARGE 

SQUIRRE L 	- G GL IIDUGTION 	MOT 

DI►~oEKT.aTION bUBAITTEU 

by 

SURENDRA KUMAR 

IN P TIAL FULFILMI NT FOR THL Mh.RD OF 

TEL 1)P-GRLL OF Mt~6TER OF EY~1GII LERING 

(ELECTRICAL MACHINE DES N) 

.~~j 	, I, 

October s 1961 	 ITiIVEi- ITY OF HCoAKEp► 
11001-i.LL 



ACKNOWLEDG~MTS 

The author wants to express his sincere 

gratitude for the valuable guidance acid irrepayable 

help rendered by Dr. G. C. Jain, Assistant Professor, 

Purdue University, U. b. A. , who was then on the staff 

of the Electrical igineering, University of Roorkee, 

kioorkoe. 

He is also obliged to Prof, G. S. Ghost. 
Head of the Electrical Engineering Department,of the 

Roorkee University, for his tremendous and kind effc- 

rts, in buiding to help the writoup of this diascrtc.- 
tion. 

The author wants to express his feel-

ing that without the generous help of these learned 

personnels it should not have been possible to comp- 

tie this work. 



1. r 	r. V 	~' 	►~ . « 3 

1.1. Cutput coefficient • • 

1 t . 	.  tz,tor A csiLn .. 21  

Lot ar Le sit_n  

:iPiL4 	'IA 

1 ,,w Flux conditions in an Inc uction • • s$ 
r Otor. 

2 The Dquirrel-cats: as a Polyphase ..60 
.iinaing. 

-3 ot toa ~ ot~ ' anu vield i,armonics  

2. .±DIGI, U1..LTLTI ON J .. 	-13 

2.1. v.ajor DirLnsions of the 1.otor .. ~3 

2.2. Jesigr 01 Lr.c of for ..7(m 

2.3. Design of the aotor .. a3 



IITROi)UCTI ON 

LvCr. a., Lt. t nai orrm!Lr .ssisted the sin,l.c 

aru .LultiphaSL bysteu. to victory in its competition 

with the d. c. sy st 	for tine tr•ansaiis;aioi of el.cctri 

c~.l cr<<.rf y tC 	at distances, o ham the competitia 

bettr~.cr, tL.c sir b1 e phase system and the polyphase 

sy t LLQ u . ~.r_ d eC ded in favour of tric lattL by the 

po1yj,e.asc ir.cuction motor. The c.ete rminin6 factors 

were (1) low first cost (2) good efficiency (3) sic,x-

plc sittLnaarice and (~) great reliability in service, 

i 	sL extension of cJcctric l transmission has 

leu to a great yearly demand for polyphase induction 

motor L>. In view of these circumstances, it is rea: i 

ly unc :rstood that every improvem€nt in construction 

ox in th.e underlying characteristics of the motor mu 

be oi coi1sideraolc economic significance. 

I I. motor with s,.~uirrel caLc rotor is the 

c1cG.pt;st ;r.a more robust out of the two kirnus of pot 

phase inuuctior_ motor:, out its unfavourable attribu 

te constituted a scrio 	i indzcncu to it gi.er 1. 

use, specially for large outputs. ilthoubh with squ 

rrel cuf c, cnotor any st~,.rtin ., toi que required in pru 

ctice cin jE readily an simply proviucd, but tLc 

co~~ ~.s poi.L.in . current drawn ircm tike supply circuit 



is several ticic Lreatcr tLan the current at normal 

3cLu. In ;any cases thcse Ercat starti..n. carr L.ts 

would rreccsir,r. f. tasticn ir. sapply circuits. ray 

proporticnirL. t;,L rotor resi:)tancc at some reasonub- 

le value, 	ch tc.~.t tine efficiency is not very low 

a reasonaoli, amo,.lnt o 	Vc rti lL torque cart ac obtai- 

ned by usir-L starters Li.c- cox,sumii , starting; curren-

ts whicri arc two to ti'rec tizne:D noru~.;.1 1. 1. current. 

E,.c field of s.pplicat.ion of te idca~, cc- 

criocu 	ovL, rernair.cc. very limiteu because tyle tor- 

ques required during starting may be hi,h. vor tnis 

reason attent ior. should oe uircctcu to a. o,c sign, wi 

c'r, 	c s use of _rig giddy current principle in tl>~ 

construction of the cage armature. Iincc the frequc 

ricy in t~ e rotor conauctors lb great at st~rtirig area 

sinal ► dir.L rurnir. aY-- ;iir ce t;:c losses tibrc'E,h s'~ 

Cf iLct "..c :.r'c in a hiLh uegrec on tic f'rc.1uc.r:cy, tr:c 

USC 01 tic ea.dy current princi, lc i 	victcntly parti 

cul.i y appropriate it theCCSi-1 01 t.c cage ar t_ 

1'l 1 :. l L.ci icay •~ c Vo11f.E.rl.li 	ti .c stL.i tln 	crri~C+- 

teristic:. of th c squirrel cc c. ►nctor r 	eri rncc 

•by t.L 	L Ci coaulc cage r.'occ s jr, wkictl "-1.,L rotor 

j 	.rrc'viuic dit(. two 	la? zrel cage wjnC.ir-i- Z. 1ocUtLd 

one OCV(, L L other. jurin , the entire start ink, pe7 

iod cac 	L L,, ;,.r cvtu €- s it own ,cart of Le 
f 	6. 	 s 	cc W~~ 	j- 	Lra4 	1 	GVJ 	~ ~.Gci 	G. ) tt 1 7r~~+' 	jr ~ i. vi ~i ti-v 



CL 	incr 	SpeQ. L1 L combined torque cury 

ry 0€ 	J LrtU 	(.) ut i: w .Lt-.  

tL e re3iTtc 	r. cT .'€ r 	tr- 	of  

	

L 	Ct tt1L 	i:L'r to t-t of the 

c. c. cri 	:.00r c:.r. be o5tind in addition to its 

C}'(apr 	ar.c ru{Ledress. 



LIST OF SYMBOLS 

bs a slot width 

bo  - slot opening 

bt width of tooth 

A = Ampere conductors / unit periphery 
B s Average flux density in the airgap 

B a Flux density 

C a Output Coefficient 

D a Diameter of stator core 

F = Conductor cross• section 

hs a height of slot 

hcu = height of copper 

i = current density 
In  = Normal current at full load 

10 a n. 	. current? 

14) 	a 	Magnetizing current 

length of slot 

net non length 

L Gross length of stator 

die  a No. of conductors per slot 

din  = Output at full load 

p no. of poles 

q s no. of slots per pole per phase 

r  resistance 



S s Total niaber of slots 

a = slip 

Ue, - normal line voltage 

IIP  a phase voltage 
W : Coil span 

x s reactance 
a total no. of conductors 

Grp a conductors per phase 

m no. of phases 

6 s air gap length 

Cos = Power factor 

flux 

peruteance 

pole pitch 

= slot pitch 

A a stator harmonic 

= rotor harmonic 

Suffi3 1 and 2 refer to the stator and rotor 
respectively. 

Su  fix c, s, t, s refer to Core, slot, tooth and 
gap, respectively. 



1. 	DESIGN PRINCIPLES 

i.l.l. 	Output Equation of the Induction Motor 

The process of design is to obtain the 

dimensions and electrical particulars of a machine to 

satisfy the given operating characteristic, that 

determine the suitability of an induction motor. 

Though the continuous output is the main criterian, 

the purchaser, however, may place limits or guarantees 

on some or all of the following characteristics: 

starting torque, pull up torque, pull out torque, 

locked rotor,inrush current, efficiency and power 

factor at one half, 3/4 and full load, and the 

temperature rise at the required hp. output. 

In large majority of cases it has been 

found that the operating characteristics, as regards 

torques, inrush current, efficiency and pf., may be 

obtained by suitably proportioning the design constts 

with in the motor. On the converse the temperature 

rise and the hp output, in most cases, provide the 

basic limitations on the physical size of the machine, 

In bringing out the general relationsh: 

between the power output and physical size of the 

induction motor the following specific procedure is 

adopted. 



• 

Power output of an induction motor is given 

by 
Nn = 3 Up. In. Cos ''fin. r. 10" 	Kw --- 1,.1.1, 

But Up = 4,44.1.  F1. Kdpl . N. • 10 8 --- 1.1.2, 
Z 

Where 	(1 = 	Bl. %p. t = B. "gyp . 

B . 	;rr , D . t 
P 

and 	6 In. N = In. ~, = A. ir, D) 

N = 	A. ir. D 
so that 	6. In 

Hence on substitution in (1.1.2) 

	

a"' 	 r 

U = 4,44. ir2 • ns• A 	-. D. 1. Kdp1.10 
p 	6 	120 In 5000 	Vol 

which on substitution in (1) gives 
s 	' Nn = 41 55 Kd.pls Cos In . T,. 	•_A  D2 ... n K~ 

	

5 nd o 	60o 
r __.._-1.1.~ 

Where D and t are in meters 

Putting C = 4, 55. Kdpl Cos 'yn. '1i,. 

Nn = C. D2. t. ns 

A 
_ s 5000 500 ---- 1.1.4 
-___ 	___.--1.. ; 

The constant C is termed as the output coeffi-

cient and was first employed by Essen and by Kapp. 

Although the above output equation is used almost in 



every design office, however the following arrangement: 

are worthy for consideration and future research. 

The equation (1.1.5) is derived directly from 

the fundamental voltage equation and no consideration 

has been made of 1. the variation of losses with the 

motor size and speed and 2. the variation of ventilatic 

with the motor size and speed consequently there is ni 

reason to suppose that the hp output for a permissibl,  

temperature rise will vary directly with the D2  1 ns 

of the machine.Variation of losses with major dimension 

An accurate calculation in a motor can be made only by 

considering all of the detail dimensions of the electr 

-cal parts. However, very useful relations are obtain 

by considering only the variation in the losses with 

changes in various dimensions. The machines are assuf 

to be geometrically similar i.e. the minor dimensions 

are assumed to change in the same ratio as the major 

dimensions. The power loss in an induction motor may 

divided as follows: 

1, 	Stator I2  R loss which may be further subdivi 

-ded into copper loss in the slot portion and copper 

in the end turns 

2. Rotor 1 2  R loss comprising of the copper loss 

in the slot portion and copper loss in the end rings 

3. Load losses which consist of eddy current loss+ 

in the stator copper and high frequency iron and cope,  

losses due to the flow of load current in the stator; 



rotor rotor conductors. 

4. No load iron loss which consists of fundamental 

iron losses in the stator and rotor due to slot ripple 

in the no load airgap flux 

5. Friction and windage losses 

The first three groups vary with the load on th. 

motor while the last two are the constant losses which 

are substantially independent of load. 

The basic construction of a squirrel cage motor 

may be represented as shown in fig. 1, and the major 

dimensions given the symbols D, 1 and 6. 

To preserve geometric similarity between machi-

-nes, consider that the outside diameter of the stator 

punchings the inside diameter of the rotor punchings 

and the depth of stator and rotor slots all change+ in 

the same proportion as the stator bore diameter, D. 

Assuming also that the ratio between the number of rot,  

and stator slots, ratio of the slot width to slot pitc. 

and the line frequency all remain constant. 

Under these assumptions the various losses ii 

a motor will vary with the major design constants aper' 

ximately in the proportions shown in Table I:0  

The equation for the stator and the rotor si 
i2  R loss is derived on the assumption that the ratio 

Cu,. cross section to slot corss section is constant wh3 

is very nearly true in the case of large induction mot 

The equation for end turn loss is derived on the basis 



that the copper X-section in the end turns bears a cons 

tart proportion to the copper X-section in the slots 

regardless of changes in speed or diameter. 

The equation for higher frequency load loss 3 

derived from the relation that the no load slot ripple 

is closely proportional to the expression (Kcs- i). The 

expression varies very approximately as 	bs/6 	in 

large machines with open slots. 

The manner in which the total motor losses 

will vary with the major dimensions will depend on pro-

portions in which each component of loss is present. II 

is difficult to express this in general terms, however. 

from test results it is found that the total full load 

loss expressed as a percentage of the power output varl 

approximately as 1/Do=5.ri ,5  for large motors. 

Variations of ventilations with major dimensions 

Most of the heat in an open motor is dissipa1  

by the circulation of cooling air over the coils and, 

iron core. Usually the large induction motors general: 

have radial ventilating, ducts in addition to fans whic] 

allow additional cooling air to circulate over the end 

turns. Certain typical high speed large induction mote 

employ both radial and axial ventilating ducts. 

The equation for temperature rise is of the for 

Temp. rise o& total losses - (Effective dissipating 

area) peripheral velocity 



or Temp. rise cC (, losses based on out ut)(h output) 
effective dissipating area) 4-] t,s 

since peripheral velocity 	« D*  ns  

(.losses based on output)(hp output) 
•°p Temp• rise cc (effective dissipating area) ( 	ns) 

The effective dissipating area is a combination 

of the end turns Vent duct; and end laminations. 

It has been found that In targe motors the heat 

dissipated from the end windings and the vent ducts i 

more or less the similar while the end turns dissi.patii 

area is approximately proportional to D2n and the ven 

duct area to D2L. Consequently the toto& effective di, 

- sipating area will vary about as the expression 
02 to,5  nso , 5 

On substitution in the output equation 

HP out put a D2(t0' 5  ns0' 5) (D© ' 5  ns  O,5) - 

1 
D°'5 ns015 

a D3  t°'5 n  1'  S s 

In practical designs , however, equation (1.1.9 

is most widely used and the value of the output coeffi 

cient C varies from 1----5; for larger machines the 

higher values of C. are chosen. Since the higher the 

value of C the smaller the value of the D21 required. 

The art of design consists in obtaining the maximum oL 

put per pound of material. This maximum output is li 



by many factors cheif of which is the maximum permi- 

ssible temperature rise in service, since the failure 

of the insulation Is caused chiefly by its being sub-

jected to too high a temperature. 

1.1., 2 	Specific Loadings 

The output coefficient C is given by 

C = 4,55 Kdpl. Cos ̂ P . ,. 	_ . 

5oofl 	500 

The output coefficient thus largely dep 

-rids on the values of 11 and A which are known as the 

specific magnetic and electric loadings. 

Apart from the temperature considerations th 

value of B is determined by the condition that for hig 

power factor, there must not be saturation in any part 

of the magnetic circuit, for the value of B in the 

air gap is directly related to the value of B in the 

teeth and core. This condition B at 50 c/s more or 

less agrees to the heating limit also. Thus for no 

Saturation, the maximum flux density at the tinimum too 

section should not exceed 16000lines /cm2  at 50 c/s. 

This corresponds to 10000 lines/em2  average at minim 

section and the corresponding average apparent flux de: 

- sity in the air gap will be about 4000 - 5000 lines/ei 

Of course 'fin cases T,there power factor is not important 



but the over load capacity is the main characteristic 

required, saturation in the tooth ard core are usual 

and higher densities are used then those given above. 

On high speed machines sufficient overlaod capacity 

can be obtained with lower values of f lux density but 

as the number of poles increases it is difficult to 

get both high p.f. and high overload capacity. 	The 

two things are incompatible and one perforce has to 

sacrifice the one or the other. Higher values of the 

flux densities in the gap are generally resorted to 

when the number of poles are large. 

The values of flux densities in the teeth, 

gap given above are for 50 c/s machines for higher 

frequencies the flux densities has to be reduced. Also 

for totally enclosed machines of continuous rating 

lower flux densities in the magnetic circuits are used. 

Again other considerations then power factor 

and overload capacity may be more important. The iron 

losses in teeth and core are determined by the value o: 

the flux densities used, since the hysteresis loss var: 

-es as tB ti) 1.7  and the eddy current loss ravies as 

Bt2  where Bt is the flux density in the teeth, and 

the same applies for the core also. Thus with a higher 

flux density the iron losses are increased and thereby 

the efficiency is decreased occasionally machines are 

designed which are completely free from noise of any k 

This invariably means low flux densities and large phy 





-sical dimensions of machines. So in choosing the ave-

-rage flux density in the air gap B the following point 

must be kept in mind : (a) power factor, (b) overload 

capacity, (c) (efficiency , (d) temperature rise and 

(e) noise. 

It is now to investigate how the heating limit 

affects the electric loading of the machine. 

Analysis of the curve in fig. 1.1-A- shows that 

the iron loss per kgm. for lohys 

= 0 ,000 227 B1,g , l,6 watts 

where B = Mme• flux density in kilo lines per 

square cm. 

and f = supply frequency 

or iron loss in watts per cubic centimeter 

0,00000 179 B l~ 8 f 11 6 W/cm3 ..1.1.6 

Therefore the iron loss in the state teeth assume 

ing a maim. flux density B = 16 kilo- lines/sq. cm and 

f= 50 c/s 

= og0000 179 .161,8,501,6 watts/cm3 

0,135 W/cm3 

If hs is the height of the slot and it is 

assumed that all the tooth loss is dissipated at the gad 

= 0,135 . hs 

If 
Nei= number of conductors in series per sbo" 

I = Current per conductor in amperes 

hs ht of sot 



F = area of conductor in cm. 

I = current density in Amperes/sq. cm. 

= specific resistance of copper at the temp 

considered then considering unit length o 

slot axially 

I2 NC 
Copper loss per cm. 	

F 

= 	I. Ne•(' 
F 

I. I. Ne.( 

But the specific electrical loading 

I. Ne number of slots 
A = 

itD 
I. N0 

z b~. 

I. Ne 
k. b5 

where K is some constant such that K. b5= 

I. N0  
or. 	' 	= A. K 

bS 

Thus the copper loss at the gap surface 
i. I. N0.(~ 

bs 

= 
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Hence the total losses dissipated per sq.cm. 

at the gap surface 

A. K. . i + 0,135 hs 

But the permissible watts per sq. cm. of the 

stator barrel at the gap with a peripheral velocity of 

above 12 msec 

= 0,0408 N"O 

where 

N'b = peripheral velocity in meters / second 

Therefore, for a peripheral velocity above 

then 12m/sec. 

A. K. ~O .i + 0,135 hs = 0,0408'U4  .....1.1 

From this equation a series of curves are 

drawn for different values of hs, giving A as a 

function of 	Fig. 1.1.2. It has been found that the 

product of current density and specific electric load-

ing is sensibly constant for a given peripheral speed 

and depth of slot. 

The above derivation is imperfect, for it 

assumes that the whole of the copper and iron losses 

are dissipated at the gap surface. It is well known 

that a certain amount of heat is dissipated from the 

ducts and end plates. In order to account this the 

values of A from curve 1.1.2 may be increased by 

about 10 to 20 V . Such curves are approximate, only, 
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but they do give a suitable working basis for arriving 

at a suitable value of A. 

	

1.1.3. 	Powerfactor and Efficiencies 

After determining the specific electric 

and magnetic loadings it now remains to determine the 

power factors and efficiencies of induction motors.These 

are generally specified by the customer, or else, are 

specified in the NEMA catalogues and can be found out 

from there. Figures 1.1.3 and 1.1.4 shows the power 

factors and efficienceis of a range of induction. motors 

After having determined approximately th 

specific loadings, the power factor and the efficiency 

the output coefficient of the m/c can be calculated by 

eq.(1e1.4). However, in the design offices curves are 

available which are drawn from the actual design data. 

Fig. 1.1.5 shows such a curve: 

	

1,1.4. 	Determination of Stator Bore D and Length L 

With larger values of D the cooling is 

increased and so a higher value of A i.e. the ampere 

conductors per unit periphery can be used with the resu 

-it a higher value of C, the output coefficient. ThuE 
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it can be said that very approximately C c( D. 
I As the diameter of stator bore is increased its length 

has to be increased proportionately hence roughly D c] 

Thus (from eq. 1.1.5) 

Nn  a D4  

or 	Log Nn  a 4 Lo.-gD ..... 	..... 1.1.9, 

If D is plotted against Nn  on a double 

log paper then a st line is obtained whose slope is 

1/4 (Fig. 1.1.6) . 

From the power factor consideration, however 

for best p. f. the following result given by Dr. 

Herbert Vickers' holds good 

L 
	 ... • . 	.... . 1.1.10, 

This relation is plotted in fig. 1.1.7. It 

des not follow that one must adhere to this ratio, 

since there are other factors, such as cooling consi-

-deration or an excessive length of the m/c etc. ,which 

may decide the 	/L ratio. On high speed large mach- 

ines this relation may lead to lengths of cores too 

long for cooling purposes and it is possible to alter 

this ratio on high speed machines quite a lot, but on 

large slow speed machines shall be the first griding 

factor. It is best to work out several designs and 

choose the one with best performance. 



1 

After determining the diameter of stator borE 

D the length 1 can be found out from the D2  L prod-

uct. Radial ventilating ducts each of about 10 mm.wide 

are provided after every 50 mm. and no this way the no. 

of ventilating ducts is determined and the gross length 

of the Iu is also determined. 

to to 5. 	Air-gap of the Motor 

It is better to have the length of the 

air gap as small as possible, since 4i = 
reluctance 6 

and thus an increase in d means increase in the magne,  

tieing current, also the harmonic reactance decreases s 

that for the same amount of real loading the power fact 

decreases. Also there is a reduction in the maximum 

power that the motor can supply. These effects of incr. 

-easing the air gap are undesirable. 

Thus the air gap is determined by the safe 

mechanical clearance. Several empirical relations are 

available among which the following are most suitable: 

For large machines 5  

D  (1 + 9/p) 
1200 

and 6= - D  ---- +0,6  
1600 

for 2 «» 16 pole machines 

for 18 - 56 pole machines 



(Here D and s both are in millimeters and p = no. 

of poles) . 

Certain curves fig. 1.1.8 are also 

available from which 6 can be calculated for differ-

-ent diameters. 

Contd 



102 STATOR DESIGN  

1.2.1. 	Windings 

The following items specify a 3 phase 

winding: 

a) Type of coil: 	concentric, lap, wave 

b)  Overhang: diamond, multiplane, mush 

involute 

c)  Layers: Single, 	double 

d)  Slots: Open, 	closed, 	semiclosed 

e)  Connection: star, mesh 

f)  Phase spread: 600, 	120 o  

g)  Slotting: integral, fractional 

h)  Coil span: full pitch, 	short 	pitch 

j)  Circuits: series, 	parallel 

k)  Coils 	: single turn, multi turn 

The most usual winding has the features 

underlined. 
The double layer windings are very comm- 

-only used for large induction motors, the conductors 

may consist of rectangular copper straps, suitably land 

-nated to reduce the eddy current losses. There are 

numerous advantages in the use of the double layer win 

-ing, tabulated as follows: 

1;  It is possible to adjust the span of the coi 



i.e. the chortled windings can be used. By adjusting 

the chording, it is possible to obtain the equivalent 

of a fractional number of turns per coil, for example 

in a given case 3,6  turns are required for a requisite 

overload capacity then a coil with U turns and a coil 

span factor of 0,9 will give the desired effect. 

2. With chorded windings it is possible to eli-

minate certain undesirable harmonics from the flux and 

torque; the coil span factor of a th harmonic = Sing W 

W = coil span. When Sin W. . 7' = 0 the amplitude of 
2  

the th harmonic is zero. 

3. A considerable saving in copper is effected 

by chording specially on two pole machines; since the 

amount of ineffective copper is reduced. 

4. Slot leakage and end connection leakage is 

great-ly reduced. 

Thus the use of double layer winding is eco- 

nomical and provides greater flexibility. 

With double layer windings the overhangs are 

generally of diamond shape and lie on a cylinderical 

surface. The lap connections are most usual. 

When the voltage is high generally it is 

economical to use the star connection. However, in 

low voltage machines mesh connected winding are most 

popular since they can be started by star-mesh starter 



Short Pitch Winding 

The following investigation deals with the 

copper weight for all values of pole pitch and core 

lengths. 

In making the calculation it is assumed that 

depth of the slots can not be increased in order to 

accommodate the increased numbers of conductors due to 

chording. 

Let 
'1 = total number of conductors with chorded col 

''= total number of conductors with full pitch 

coils 

	

W 	Coil span 

	

Tt 	pole pitch 

F = area of each conductor 

= length of core 

= length of overhang at each end of the full 

pitch coil. 

In any case the value of d may easily be calculated, 

for the inclination of the coil end to the core with 

diamond shaped coils is given by 

Sin 10 	
width of slot copper + clearai 

Wi4th of slot + width of toot] 

The mean length per turn with full pitch coils 

= 2(f + azp) 



.. The volume of copper with full pitch coils 

and 	conductors 
_ ;-.2({+c( p)xF 

_. 	(; + a . t p ) . F 

Similarly , length of mean turn with chorded 

coil 

= 2(t+F.d.) 

0 . 	Volume of copper 

_ t. (L+ + f. c(.)  .F 
but, since 	= sin. 

2 

(sin j3 !) being the pitch factor) 
2 

. ( + P•a•'Cp)OF = 	1 	. ( i+A.a. % p) O F 
ir sin. _ 
2 

0 * * 	Volume of copper with full pitch coils 
Volume of copper with chorded coils 

F 

( + 	F 
sin 

(t+ a. 'r p) sin ~. ! 
2 	= A s ay 

+ 	c( 

The most economical span of the coil will be 

that which gives the above ratio a maximum value. 

0 



s,o 	
i.  H TIlT

~ r_j  
1 F + 

 

4.0  

1. 

V 	2-o  

I 	ft 

05 	0.6 	0> 	08 	a9 

_5 'c t OJl c0/Y 

,ru// pl?ch 



Therefore for a minimum 
(1. + c 't) (2 Cos 0 2) (t 	p)-a (in(  1+ 

d +  
P 

O 

• . 2 • Cos. 	+a4t ) = a  `t p. sin 3. 

or tan . Kr _ it 	+ 
2 P 

= P . Lr 	K. 	L .  
2 2 rp a 

Putting _ 
1p 

tan( 	~ )j= (L • 	)+ r
•

t 

	

tp 2 'tp 	2.a tp 

This ratio gives the most economical span of 
the coil for different ratios of ~/Itp curve 1.2.1, 
shows the solution of the above equation in which the 

value of a is taken as 	ti>t 

122 	Type of Slots 

Figure 1.2.2, shows the types of slot 
that are in use for large induction motors l" . These 
are all shown with parallel sides, which is the usual 

arrangement. 

PTO 
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The considerations which determine the shape of 

the mouth of the slots are a) The average value of air 

gap permeance should be kept down and the limits of its 

variation from point to point should be narrow; b) the 

leakage inductance arising from magnetic lines crossing 

the mouth of the slot should be small; and c) the sha-

-pe of the slots shall be such that the winding can be 

inserted as easily and as cheaply as possible, fixed 

firmly and insulated securely. 

Consideration (a) involves the use of slots 

which has the smallest possible openings but (b) and(c) 

require that the space between the tips of the tooth 

shall be of moderate dimensions. 

The wide open slots shown in fig. A, are the 

worst from the point of view of the reluctance of the a: 

gap. When these slots are used the reluctance is nece-

ssarily high even when the slots are narrow and numerou, 

moreover, the variations in magnetic density from point 

to point along air gap are large, and extra iron losses 

are caused through the rapid fluctuations in density in 



the tops of the opposite teeth, in addition to this 

noise and vibrations are increased. On the other hand 

the leakage across the mouth of the slot is relatively 

small, although this advantage is set off by the fact 

that the whole slot is deeper and narrower then the 

alternative half closed slot would be, and therefore, 

the leakage lower down may be greater. From the point 

of view of insertion and insulation of the winding, 

however, the wide open slot is by far the most advanta-

geous because it allows fully formed and insulated coils 

to be inserted radially with out appreciable bending. 

The partly open slot in fig. B, is the one 

which posses the best all round characteristics. Its 

aperture can be kept relatively small in comparison 

with slot pitch, say 1/5th of it or even less and need 

not be more than. about 5 or 6 times the length of the 

air gap. Even under these conditions the density at th€ 

rotor surface opposite the center of the rotor slot may 

fall to one thitd of the density opposite the center of 

a tooth. If the overhanging tips of the teeth are too 

thin they will become saturated and will be the seat of 

unnecessary iron loss, and, further they will not spread 

the flux in the air gap as much as is desired. Moreover 

when it is desired to insert the windings through the 

slot openings the safety of the insulation is leopardisec 

and the work of the winders becomes very difficult if the 



edges are too sharp. On the other hand, the thinner 

the tips can be made, lesser will be the slot leakage. 

Hence a compromise have to be made for determining the 

thickness of the slot lips. In machines where the no. 

of slots per pole per phase is high the leakage react- 

ance is generally low and thicker lips can be used 

with out the danger of increasing the leakage reactancE 

excessively. 

The disadvantages of the open slots can be 

overcome (whilst retaining the case of winding which 

they present) by providing wedges, partly constructed 

of magnnati c materials to be inserted after the winding 

and to have the effect of reducing the virtual slot 

opening, from the magnetic point of view. However, th4 

design of such wedges present a difficult problem, for 

the permeance of the wedge between the side of the tool 

and the airgap must approximate to that of solid iron, 

if it is to fulfill its purpose, whilst the magnetic mal 

-erial which it contains must be laminated in radial 

planes or very finely devided. 

When the winding is designed so that the con-

ductors can be inserted radially, one at a time, full 

advantage can be taken of the partially closed slots 

and formed coils and bars can be used. When a bar vii 

-ding ras three or five bars per layer in each slot thi 

shape shown in fig. B, is very suitable and the middle 



bar in the top layer can be inserted last of all. When 

a slot contains two bars side by side the slot shown in 

'ig. C, can be used. 

1e 2, 3. 	Number of Stator Slot 

Harmonic leakage reactance depends on th 

value of the stator slots per pole per phase q, and a 

it is not desirable to have high values of short circui 

current in large machines generally ova high value of qi 

( q = 4 ----- 8, 10----- 12) is taken. 
A suitable slot pitch is assumed; usual valuE 

are ts. = 30 mm. for low voltage m/c and 	s = 40 n 

for high voltage machines 

Now, number of stator slots S1 = 	....1.2. 

but for a 3 phase machine the total number of 

slots 	= 3. p. q~ 
irD 

Hence 3.q1 = - ; - = 
Sl ~ 

q = 	- 	...... 	.... 1.2.3, 
1 3p 

Generally for induction motors integral slot 

windings are used so that ql above shall have to be 

an integer. Taking ql as the nearest integer the 

values of S1 and 	~ are adjusted. 



1.2.4. 
Stator Winding; 

Roughly 

Un =,r3. 4,44 f. Nl.Kdpl. 1.10 

where ~ = B. 'tp •k = B. 7 -. Di 
p 

and Nl = number of turns / phase of 
the stator 

1 = Total no. condr. in the stato 
6 	2.3 

f = n. p s 
120 

Un 	= '[3. 4,44• S, l:) . 	. B. 
120  6  p 

KdP1.10-8 

Taking Kdl = 0,955 

x3.4,44. ir.0,955 n Un 	- 	 . s.  
120. 6 

Kp 1.10" 8 ...... 1.2.4. 

Here every thing is known except Lj and thus 

j can be calculated. But the number of conductors 

per slot have to be a whole number 

F i. e. tic = 	= an integer 
Si 



Thus taking Nc the nearest possible integer 

the value of 	and B are adjusted. 

1.2.5. 	Conductor Cross-Section 

Nn . 103 
Full load current In = 

►f3 Un. Co s r .7 l 

--------1,2.5, 

Where 	Nn = output in Kw. 

Un = normal line voltage 

Cos 'v' = normal power factor 

r~ = normal efficiency 

With larger machines generally the current den- 
2; 

- sity in the conductors is taken 3 - 8 Amp/mm2. - For 
high speed machines the larger values are taken since 

the cooling conditions are better. Also in high volt-

-age machines and where lower magnetic and electric 

loading are taken, a high value of current density is 

chosen . 

The conductor cross section F is determined 

as follows: 
F = - 	------ 	------ 1.2.6, i 

where i = current density in the conductor. 



In large machines, specially when the voltag( 

is low, the current per conductor is too high requirinE 

large dimensions of conductors and so two or more pare-

-1lel circuits are provided. The maximum number of 

parallel circuits are equal to the number of poles. 

Generally, use is made of reactangular conductors in 

order to have a better slot space,space factor,however;  

where bar winding is used bars of special sizes are 

employed. 

Stranding of conductors - Conductors of largo 

cross-section normally are devided into strands for 

mechanical as well as for electrical reasons. 	The 

mechanical reason is to make the conductor flexible, 

i.e. easy forming. The electrical reason is to avoid 

parasitic currents in the conductors which increases 

the heating of the copper. When conductors are stran- 

-ded for electrical reasons, the individual strands 
must be insulated. The additional copper losses due 

to eddy currents are proportional to the height of the 

conductor, to the height of each strand, and to the 

frequency of the line current. Hence the thickness of 

the strands is made as small as possible. 

P TO 



i2.6. 	Insulation of Conductors slots and 
End Windings; 

The different kinds of insulating materi 

used in electrical machines are devided into 4 classes 

specified by A.1. E. E. , on the basis of N E M A stand- 

ards. These 4 classes are given in table 2. The 

same table contains the limiting temperatures which car 

not be exceeded with out impairing the life of the 

material. 

In the following the conductor insula-

tion, strand insulation, ground insulation end winding 

insulation and binder insulation is considered. 

Conductor insulation. 	On straps or large 

rectangular or square conductors, which are usually 

used for large induction motors, the insulation is 

applied after the coil has been formed or during the 

process of forming the coil. 

The thickness of the conductor insulation 

depends upon the voltage between turns. in general 

See, SFG or enamel is used for voltage upto 12 volts, 

and D.cc, DFG or SCE for voltage upto 25 volts. For 

turn voltages between 25 and 40 volts, either T cc ox 

TFG, can be used or a certain amount of insulation 

can be added to the normal Dec or DFG resulting in 

a conductor insulation equivalent to Tee or TFG . 



This additional insulation can be either cotton or 

glass tape, paper or mica strips applied through out 

the coil. For values of turn voltages greater than 

40 volts the trend is to use additional insulation in 

the form of mica tape. For values upto ?O volts one 

serving of mica tape half lapped is used and for val-

-ues upto 120 volts two servings of mica tape are used. 

Strand insulation: 

When conductors with larger 

cross sections are stranded, the strand insulation is 

cotton,asbestos or glass with a thickness of 0,2 mm. 

to 0,25 mm. for both sides. 

Ground insulation: 

This is the insulation applied 

to the slot portion of the coil. It serves to prevent 

the breakdown of the insulation to ground (core iron) 

and must, therefore, have sufficient dielectric stren-

-gth. The ground insulation will be considered septi.-»'- 
- rately for semi-closed and for open slots. 
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Ground insulation for semi-closed slots: 

Some arrangements of ground insulation 

i.e. of cell and seal of the slot openings for semi- 

-closed slots are shown in figure . . 	. The thick- 

-ness of cell is 0,5 mm. to 0275 mm. 	Fish paper 

and varnished cloth is often used as cell material for 

class A insulation, the cloth being cemented to the 

: 	paper and the 7 atter laying outside against the 
iron. Combinations of mica and fish paper or mica 

and glass cloth are used for class B insulation; 

The mica usually being protected on both sides. Com-

-bination of mica and glass treated in silican varn-

-ishes are used for class H insulation. 

In order to prevent tearif5 the edges 

of the cells, a selvage of thin Scotch tape or cotton 

tape is applied at each edge of the cell. For this 

purtose the cell material is cut into long strips as 

wide as the length of the cell, and the selvage is put 

on both edges of the strip, which is then cut into pie. 

-ces of proper vi th. 

In the arrangement A the wedge is mad4 

of wood giving a tighter seal. Fig. L.3 B is used for 

windings of higher voltages exposed to dirt. The strip 

in the middle of the slot is used to separate the upp-

-er coil side from the lower. 
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Ground Insulation of Open Slots:  

Contrary to the windings in semiclosed 

slots where the ground insulation is not a part of the 

coil, the ground insulation of windings in open slots 

is applied directly to the coils and is a part of the 

coil. It consists of a wrapper of which the material 

and number of turns depends on the voltage. 	Before 

spreading the coil, a temporary binder is applied. 

This binder has two functions it binds the conductors 

tightly to-gether to obtain a proper shape; and it 

protects mechanically, the strand or conductor insu-

- lati on. This binder is usually 0,125  to 0,25  mm. , 

thick and is applied without lap or with space betw-

-een turns. After spreading the coil is then impreg-

nated with varnish for voltages below 3500 volts or 

with asphalt for higher voltages. The varnish impreg-

-nated coils are drained after dippling and then are 

baked in temperatures ranging from 165°  to 2500  C. 

One dip is applied below 1200 volts and two dips for 

voltages between 1200 - 3500 volts. The asphalt imp-

- regnation occurs under vaccum and pressure. 

The material of wrapper its thickness 

and number of turns for different voltages are given 

in table 4. 
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End Winding Insulation: 

The end windings of coils are taped in 

one or several layers. For class A insulator, cotton 

tape or bias-cut varnished cloth tape is used; for 

class B insulation mica tape is applied; and for cias 

H insulation, silicon glass mica tape is applied. The 

number of layers of the material and its thickness is 

given in table 4. 

Lead Insulation: 

When the leads are tied to the coils, 

strips of insulating material are between the leads 

and coil. Upto 600 volts, a piece of 0,25 mm. trea-

-ted material used under the starting lead. At volt- 

-ages from 600 - 2500 V one strip of mica and fish 

paper 0,3 -- 0,4 mm. thick, at voltage from 2500 -

6600 V, 2 strips are applied to each lead. For class 

H insulation silicon treated mica tape is used to 

protect the starting lead in the diamond point of the 

coil. The leads must be. firmly tied to the coil and 

insulated with the same material and at the same time 

as the end winding. The number of layers is 2 for 

voltages upto 2500; 3 for voltages from 2500-4500 

volts and 4 for voltages from 4500 - 6600 volts. 

When the leads are loose, tubing or 0,175mm. 



For voltages 600 to 3500 volts ?  3 layers of 0,25  mm. 

bias-cut treated cloth tape, with one layer of half 

lapped 0,175 mm. cotton tape. For voltage 3500-4500 

volts 4 layers and for voltages 4500 - 6600 V 6 lay-

-ers of the same material as before plus one layer of 

0,25 mm. half lapped cotton tape. For class B insu 

- lation 0,3 mm. mica tape instead of treated cloth an 

0,175 mm. glass tape instead of cotton, and for class I 

0,1 mm. silicone glass mica tape and 0,175 mm. glass 

mica tape have to be used. 

Insulation of Stub Connections, Jumpers and Tie rings 

The tie rings must be insulated and the 

insulation applied is the same as far stub connections 

and jumpers. The thickness of the insulation depends 

upon the voltage. It is 1,0 mm. for voltages upto 

600 volts; 1,5 mm. for voltages 600 - 2500 volts; 

1,75 mm. for voltages 2500 - 3500 volts; 2 mm. for 

voltages 3500 - 4500 volts; 2,5 mm.. for voltages 

4500 - 6600 volts; 3,5 mm. for voltage 6600 - 11000 
and 4mm. for voltage 11000 - 13000 volts. The insu-

-lation for class A consists of one layer of 0,175 

cotton tape half lapped, plus a number of layers 

(depending on the voltage) of black bias -cut varnishes 



cloth. tape 2,5 cm. 	wide, plus a finishing layer 	of 

0,175  mm. cotton tape half lapped. 	For class B insu- 

,nstead of  
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-mining the width of the tooth at its narrowest sectior 

from the flux and flux density considerations. As exp- 





cloth. tape 2,5 cm. wide, plus a finishing layer of 

0,175  mm. cotton tape half lapped. For class B insu-

-lation, 0,15 mm. mica tape is to be used instead of 

varnished cloth and 0,175 mm. glass tape instead of 

cotton. For class H insulation, silicon glass mica 

tape and silicon glass tapes are to be used instead 

of mica and glass, tapes. Before applying insulation 

the ga€ metal must be first cleaned and brushed with 

a good baking varnish. The first layer of the insula-

tion has to be applied when the varnish is wet. 

Mechanical clearances: 

An important factor for windings of 

electrical machines is the creepage distance, i.e., 

the distance which a current must creep across insu- 

-lation or through the air, or through a space filled 

with dirt, no order to produce a fault to ground or 

to another phase. The clearance are given in table 5. 

1.27. 	Slot Dimensions 

The width of the slot is fixed by determ 

-mining the width of the tooth at its narrowest section 

from the flux and flux density considerations. As exp- 



-lained earlier, it has been found that the maximum 

flux density shall not bemore than 16000 G in any 

part of the tooth. 

If B1 is the maximum flux density in the 

air gap than the flux that crosses one teeth is equal 

to the flux embraced by one slot pitch 

or 	4sg _ 	 r2. B1. ~s~ .t 	..... ----- 1.2.7, 

This flux is passing through one teeth if B is 

the maximum flux density at any point in tooth and 

its thickness at that point is bt, then, flux eros- 

-sing one tooth 

2 t = 2 , 	Bt. bt. 

As  

Bt. bt = 

. «... ---4- 1.2.8, 

. • • . « r r r .w .io 1.2.9' 

Since at the narrowest E section of the tooth 

the flux density shall not increase by 16000 G the 

tooths width at that section is given by 

B1• 'ts ~ bt _ 	----- 1.2.10, 
16000 

No allowance has been made for the leakage 

flux in the above expression. If leakage flux is 

taken into account then 



B1. 	s bt  _ 	g 
 (1-2/3.5  ) __-_- 	---(1.2.11) 

16,00 

Where 	leakage flux _ 	I 	dal 
s— 

Total flux 	E . 

Thus the remaining space in slot pitch can 

be used as the width of the slot. 

1.2.8. 	Mean Lent 0f The .Conductor: 

For diamond shaped 

coils the length of the con 	 `°. 

-ductor is calculated , as 

follows.  , in figure 1.2.5,  

ts2  _ a2  
Cos «_ 

s 
---- 1.2.12 

W. is 	1 
2 	COS c( 

---- 1.2.13 	 ` .. 

where ) = slot pitch 

and W = Coil span in no. 	Fig. 1.2.3. 
of slots. 

From equation 1.2.13  S can 

be calculated 
The length in the top bend 

nosi ti on i_s ir_. 	 0 



.'. 	Length. of each conductor 

L = L+ 2le2+ pS+~r hs+(50m.M.) 
4 

Total length of copper  

1.2.9. 	Stator Core: 

Total flux above the teeth passes through 

the core in a manner shown in fig. 1.2.4. This flux 
{~ S can be calculated from 

the fundamental voltage eqn. 

u5 =T3. 4,44. f. N. 	p1 

-8 
s • O 1lts 

If a 	is the stator core 
density and hel is the de-

-pth of teeth then 

hel = t . 1 1 	 0 	Fig. 1.2.Co. 
2 Be, _i 

where '~i = net iron length 

The value of Bel is kept between 10000 -12000 
Out side diameter of the rotor 

Do = D+ 2ht1 + 2ha1 



1.3. 	ROTOR DESIGi 

The induction motor with a cage 

rotor, in addition to its many advantages, has two 

serious faults, the worst being its great start- ing 

currents associated with small starting torque, and 

the other being its disagreeable characteristic of 

crawling. In some cases the starting only occurs to 

the accompniment of more or less loud noise or even 

bawling; in other cases, in certain ranges of speed, 

the rotors only accelerate exceedingly slowly, or 

indeed - this is the most disagreeable characteristic 

-- they remain hanging at certain low speed; that is 

to say, the torque decreases to such a low value that 

it noZlonger suffices even for overcoming the ftict-

-ion losses. 

1.3.1. 	Number of Rotor Slots: 

The choice of the precise number of 

stator and rotor slots is of decisive influence on 

the starting behaviour of induction motors. If,for 

some particular number of rotor slots the torque 

curve has a deep saddle, it may in some cases be 

completely eliminated by increasing or decreasing 



the number of slots by one. `Still ) in his paper 

published a large collection of' test results. Punga 

cited a large series of number of slots which in 

practice has been found to be either favourable or 

unfavourable. Punga, Kron and several, others had 

given certain rules for the selection of t} the number 

of rotor s7 ots. 
The following is the summary of the results 

obtained by Punga and Moller. 

The causes which render a cage motor can be 

of the three types 

a). Strong noise production.- 	The main - cause 

of strong noise production is magnetic vibrations , 

which set up resonance with mechanical. vibrations. 

Dr. Moller advocates that with few exceptions, the 

odd number of rotor slots which tend to cause noise 

production shall be avoided. 

b) . Asynchronous torques.- The amplitt}de of 

the harmonic torques increases with increasing num- 

- ber of rotor slots and, for about doubled number 

of rotor slots, attains a value which exceeds the 

maximum torque of the fundamental.. Therefore, there 

shall be avoided all number of rotor slots which 

exceed 1,7 times the number of stator slots, unless 

skewed slots are employed. 



c) . Synchronous torques,_ This is the most 

important phenomenon and is occasioned by the dif- 

-ference 	Sj, - Sl  being equal to + p or 2p, p 

being the number of poles. The strongest synchro-

nous actions appear when the number of rotor slot 

Per p  o l e .Sby ±  . 	 ,t tri  "t' '° • 0% 	oxo r a 	f pa s 1 

If ql  and q2  are the number of stator 

and rotor slots per pole per phase of the stator 

respectively, then q2 - ql + 2/3 is a common 

rule for determining the number of rotor slots S2. 

However, check shall be made to ascertain that the 

synchronous crauvling is not present. 

If the number of rotor slots its equal to the 

number stator s' ots, or to a multiple of that,then 

the motor will not start and so this also should 

be avoided. 

1.3.2. 	Squirrel cage Bar voltage:- 

If El  is the voltage induced in the prim- 

-ary i.e. the stator winding, then 
-8 

El = 4,44. f. N1. Kdp11• t• 10 	volts 
phase 

4 
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Similarly, if E2 is the volt in the rotor, then at 

standstill 

E2 = 4,44. f. N2. Kdp12 . 	volts 

where 

f = supply frequency 

N1 and N2= Number turns / phase in the stator 

and rotor respectively 

dpll = Winding factor of the stator for 

fundamental wave 

Kdp12 = Winding factor of the rotor for fund- 

- amental 

= flux 

so teat 

EE2 	N2. Kdp12 

E1 	Nl. Kdpl1 

For an unskewed cage rotor Kdp12 = 1, and also 

for squirrel. cage N2 = 1/2 (AppendixA-1) , thus 

E2 	1 	1 

El 	2 	N1. Kdp11 

Us(1-es ) But El = 	 ( Appendix A-1) 
~3 

and since the number of rotor slots per pole per phase 

is usually large (more than 4) the stator winding 



distribution factor may be taken as Kdl = 3/r,hence 

E2 _ Us(i -es) 	1/2 	rr 
• 

bar voltage 

~r 	Us(1 -E s) 
3 	Z1. Kpl 

This bar voltage should be kept down below 40 

volts. 

1.3.3. 	Bar and Rin. ;._current s 

IX Nn output in watts 

s = slip  

Ir= rotor phase cur-
rent 

rr= rotor phase res-
istance 

n = number of phases 
Fig.1.3.1. 

then ,from the equivalent circuit 

Nn_ in 1- s 	Ir2. rr 
S 

2 

sE2 . rr s 
	

+ s2X2l) 



m (1-s) sE22  rr 

(r + S2 X2 ) (r2 + 2x ) 
r 	r1. 	S T 

, 
l 

= m . rLr . E2. Irs. Cos '`,fir 

where 

= rotor efficiency 

Cos Pr= rotor power factor 

rrs=  rotor current at standstill 

thus 
Nn (watts) 

Irs = m. r,. E2. CosNfr 

Generally, r}x,. Cos 'f r = Y = 0,92 ---------0,94. 

 

2S  2 Z 

	

In the squirrel cage rotor m = ---- --= 	2 

 

p  P 

Z2 = no. of rotor bars 

.0. rotor phase current at standstill 

Trs 	.- 	p. Nn (watts) 
2 Z2. Y. E2 

But p/2 bars are connected in parallel in one phase 

(appendix A-z ) 

• Ibar =. 	Nn 

	

Z2 . 	E2 
Also ring current  ~_ 
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1.3.4. 	Cross-sectional Area of the Bars and Ring 

The materials used for the rotor bars for 

normal machines are copper and aluminium, however, 

for motors having high starting torques materials 

of higher resistivity may be used. 

Generally a current density of 4---8 1 /m 

is kept in the rotor bars. 

If i be the current density, then, the 

bar cross-section. Fb 	is given by 

Fb _ Ib 

i 

and the ring cross-section Fr 

F 	-~ 	Z r r 	i 

1.3.5. Type of rotor slots; 

Some slot shapes for squirrel cage rotor for 

large induction motors are shown in fig. 1.3.t 



For general purpose induction motors - NEMA Class A-- 

the slot st own in fig. 1 . s.,. (a) are used. 	In the 

NEMA class B - normal torque, low starting current 

motor usually narrow and deep slots shown in fig. 

(b) are used. The class C- high starting torque 

and low starting current generally has a double cage 

rotor. 

1.3.6. 	►squirrel Cage Winding: 

For general_ purpose large induction motors 

either round, square or reactangular bars are emplo-

- yed. These are made up of copper or aluminium and 

sometimes of brass. Generally the rotor bars are not 

insulated and they are connected on each side by a 

ring. The rings are made of either copper or brass 

or other material of higher resistivity. 

Windings for securing High Starting Torque: 

Deep bar rotors - 	In these types of winding 

use made of the eddy current effects in the conduc-

-tor lying within the slot. If Re  is the effect-

ive resistance, Xe  is a reactance due to magnetic 



lines crossing the slot through the conductor, and 

additional to any reactance due to lines linking 

the conductor as a whole, the effects of which 

would be taken into account in estimating the 

common e.m.f. which applied to the conductor as a 

whole, then, if 	Re  is the tine d.c resistance 

sin h 2 h+ sin 2 h 

Rc 	cosh 2 h - cos 2 , h 

.ke 	Sin h 2 c w - sin 24 
and 	- ~5 	 .._._. 

oos h 2'%4 - Uos 

where 	= 2 	/f.Ls.__b  c 	 u ,~ 
'' 

here f is the frequency of t.ie e, m. f. ; is 

is tire; lc.ngtn of the slot; tl an assumed le .gth 

between two sections of the conductor outside the sbo, 

one at euci. ena where the influence of the slot is no 

l or LI ft Jt t. ; ( is the volume resistivity of the con-

ductor; bctt anti bs are the copper and slot widths 

respectively. 

ie end. rings can sic made up of some high 

r`JJjstivit,l 111 tcrial such as bras. or gcrm_<:1n si.i,vfrr 

,_j.:Lr L_i.x j c:. i,or mach startinL, torque is needed .nci 

t c.e ei l iciency xreq.a.ired. 



icub1c 	, ,e rotor- 

1 he behaviour of tl e doable cage motor can 

be represented by the eq ;iva7 ent circuit s1,o~ n in 

figure t•3.3 in which nl LO. rl 

represent the reactance 

arc. resi staiLcc of the 

st~.tcr winding, a na Ym 

tt c excitation admitt- 
z 

ance. 	he impedance 

of t-- is parallel con.ne4- 

ction may be ascertain-

ed to  

1 r" (r ' $ 
I 

" 
r+ r + j s x 

L I' Cr' (r'+r'~+(sx') 2Ij It2 = 
(r, + r ~) 2 + (sx ') 2 

rn2 . XI 
anti X2 = 

(r' + r IO) + (sx' )2 

r , r „ 	 r „2 x At S = 0; tt2 = 	 and .2 = 
r ' + r to 	(r' + r a)2 

These values do not appreciably alter wiiei 

the speed aiffers a few perciant from syncLroni~sm 

an.ct, so are applicaole at mall 10 a ulso. `I"has th 
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APPENDIX 1. 

Flux condition in an induction motor: When a volt- 

age U. is applied to the stator winding, then on fudload 

the stator current is Is, which 

produces leakage lines of fl. 

This leakage flux is in phase 

with the stator current. If 

there were no leakage  

the impressed voltage Us 	1 	S 

must have developed a flux IIs, 	Fig. 

taggihg 90° behind U3, but due to the leakage lines of 
flux the flux is reduced to a 

value 	:. a «. 1. whish 

gives an induced electromotive 

force E1.4 is called the 

useful flux and is in phase 

4th the magnetising current 10. 

This useful flux i ► crosses 

the air gap and enters the rotor 

body. There are leakages in the 

to al ro 	r 	sa. The rotor leakage Fig.Ar1.2. 

flux is caused by the rotor current. The flux that'passes 
through the rotor core is thus 	4r = 

In figure A-1.2,OA is the toIal flux which 
corresponds to 	Us; 	Ac 	is the stator leakage flux correap. 
—o~Lp to I~ - X_ 	4 r 4 n w~s.. -- _.4 iL T 	4 	ww 	irr 



start in characteristics aeperd s on the value 

of t- ratio 	{6 / X2, 

T L lost favourable, starting, cLare.cteri s-

tic is tL,at widci. Lives thaximum starting, torque per 

ampere of line current. The methoL. ±01 arrivi.r: , et 
X2 thE. val. of 	(=  r2  ) to obtain ti.is condition 

is giver in tr.(: actual design later or 



ri 

the useful flux I GC is the rotor leakage flux 4rl and 

OG is the rotor useful flux corresponding to E2 

At no load 

Us = Be + I ~•$al 

I$ Xea or 	Be = IIs .. I0.g, = IIs (i.. 	........~ 
Us 

=U5( 1.-,) 
g 

Where 8 = ` II~ , abd  s e the usual values 
a 

of 10 = 40 % and Xj = 15 %, E s is about 6%6. Curves 

are available in the books of design which gives the value 

of t s 

In .design calculations, it sual to assume 

that the value of flux in the stator core and to the stator 

tooth bottom is 4 i.e. f er o = ± 	 The The flux 

at the middle of tooth is f 	= 45(i'm 1/3 's) and the 

flux at the tooth top Itt = 08 (1. 1 E a) . The value of 

flux in airgap is taken as 4 _ 	(1 Ee). 

Though there are flux le kages in the rotor also 

but it is usual practice to neglect these leakages and the 

rotor magnetic circuit is made up with assumption that flux 

in each part of the rotor is equal to the air gap flux. 
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APP1 NDIX 2. 

A24.. 	The squirrel cage as a polyphase winding. Consider 

ing an induction motor running with normal slip, here ' the 

rotor leakage reactance (SXrl) can be ne*lected, in comp a-i- 
son with the rotor resistance and the rotor current is in 

phase with the rotor emf. 

The above figure shows the rotating field B 
t 

and the Bears for a 2.pole squirrel cage motor. Since imf 

and current are in phase, the current distribution curve is 

also siwlaoidal am4 the bar which lies in the pole axis carriE 

the maximum current. To the sinusoidal ampere-conductor curve 

there corresponds a sinusoidal mint curve. From this it foil-

-ows that the squirrel cage automatically produces the same 

number of poles as that of the stator. 

While moving w,r.t. the rotating field B, the 

current in each bar changes siniisoidally. Considering the 

currents in two adjacent bare there Vectors 	not be in 
phase, but displaced by an angle 



Thus the squirrel cage represents a polyphase wincligg 

with as many phases as there are slots per pole pair, or m2 

$2  

	

p/2 
	rr.rr~r 	__..r-rrrrr 	.~ss 

	

"zutf.n~. Current- 	Figure A--2-9-shows the currents in 

bars and rings of a two pole machine at a certain instant„ 

Fig. A-I.,, 

The maximum current in the ring apparently is equal 

to the average bar current (.) Ib 	multiplied by the 
number of bars in half pole pitch $j2p. Thus, 

2 
Irmax = 	1biaex 3 = Ibi 

2 
and the effective value 

Ir
- 	 •w w- -a 



Copper losses in the *age are 

Pcw = S2 ( Ib2. 	+ 2 Ir rr  ) ..r-----r- 
rb  and rr  are the resistanaces of a single bar 

and of a single ring segment respectively. The factor 2 

takes into a ccount the fact that there a re t wo rings. 
Introducing the value of I r  from A-2.2. 

p 	S21b2 
rb ` rr  2 (ir  p 

2  

= S2Ib •%a 

Where 1'be = rb  ♦ 	rr 
2 irp 2  

Similarly . 
g r be = Tb t   2. np 2 

2S2 
The number of turns per phase (N2 ) is equal 

to * . The distribution and pitch factors are equal to 1. 
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414 le 	3TTO R M.N. F, ND FIELD H iRt4JNICS 

It has been shote in the books of 1 lectrical 

Machine Theory that the th harmonic of a single stator 

phase is 

The mdament.l wive has a length 2 "Cp and 

the th harmonic has a length 2p/) - 	Eqn. 2.1 

refers to.'.. definite phase which will be called as the zero 

phase. Considering the phase adjacent to the zero phase,the 

tiMo angle between the two phases will be sannc for two har o.. 

nice, r i.n1.y 2 Tr/mis This is the tim, ; ,.';i c between the 

currents of tD adjacent phases of an ml  phase rstem. But 

the harmonics in consideration are space harmonics and in 

each phase all space harmonica are produced by the sane currenta. 

The apace angle between t) adjacent phases is 

equal to 2W/ x, for the fundamental we and to for 	for 
the 	th harmonic, due to the fact that the wave length 

of the th harmonic is V4 th times that of fundamental. 

Thus the m. m. f. of the th harmonic of the neighbouring 

phase is 

F. 	-'-)• 
c/1.Tr'!'\ 

--_. 3 2. 

b 



....__r._ L 3 

Introducing the relation 11 

jn~•4 	(fi) &) 

+ sin 	t 	.w-'\ •r 	q) . c • Z 
sna_ 4 

In order to determine the resultant m.m. f. of the th 

harmonic of all m1 phases, Equation &4 has to be gummed 

up between C = 0 and e = (al — 1) o The summation yields 
t* 

~o 

ALJ 

j 

t r' .'>4.S4vv(005 

~=u 

Denoting the four sums in turn by a, b, g & h 

L 

i 



The rasatant m.m.f. of the th harmonic appears 

as to rotating m.m.f o wave., one travelling in the djreo-

tion of the main wave the other travelling in the opposite 

direction. 

But each harmonic produces only one travelling wave. 

Therefore, for all harmonics which travel in the direction of 

the me w+i wave J *i '` , i, e. g & h must be zero, 	while 

for those which travel in the oppo site direction a & b must 

be zero. 

The condition that 

i s not zero is sats sfi ed when 

o~~ ~~_~1 • 	- ~c'~•zT 
/ w~4 

Here Jag 	= my 

g & h are zero while /a2+b2 

K 	is a + ve integer exel,0 

Kl i s a + ve integer inel .0 

The condition that a & b are zero while /g2 + 

is not equal to zero is satisfied when 

K -a + ve integer exel zero 

i) 	. Z`r 	Kl-a + ve integer inel .0 

In this case /g2 	= IIi 

Thus the equations 

~9 •* 9 = It 	K is + ve integer ez& . 0 
-•-0 2a 10 

1(2t 1) 	K1 i s . ve integer inel. 0-...-_ 

V tJ 



+ 	v 

are the cirteria for the existence of the th harmonic in 

the m.m.f. curve. The first criteria, 	- k .. 1, which is 

independent of the number of phases and therefore relates to 

single phac ylalds, for integral slot wLndinga, all digits 

from 8ero to infinity, indicating that a single phase is able 

to produce an infinite number of harmonics. The limitations 

4th reepects to the possible values ofn) in a polyphase 

minding are given by the second criteria 

a = Kl ml + 1 K1  is a + ve integer inel. 0 

The same results can be obtained from 

a = ki m1 + 1 ------ ----- 2.12 

when k1  is a + ve or - ve integer inel,o. Positive n' 

411 yield the harmonics travelling 4th the main wave and 
-vo '@ the harmonics travelling in the opposite direction. 

Out of the all harmonics given by 2.12 the harmonics 

of the order 

25 ' n7 sl  
P 

are most disturbing, these are called slot harmonics and 

havo the same distribution and pitch factor phases the funds?. 

The amplitude of the th m.m.f, harmonic is 

wA+ . .. . it.d l. I q 



1 	Ui 

autt . Fa . L— : 0) q ,~"' ti __, k_ 
--- 

d tho equation of the a th field harmonic is 

24 

In order to determine the teed of the c) th hai o is 

field tth respect to the stator, const der a flexed point 6a 

of the field wave (Fig.4 1), &nce the magnitude of 6a cue s 

not change while the harm6ni c 

moves, (wt — ' X1 •r) must be 
tP 

constant at any time. 	The 

d i.ff Oren nation of wt- 	.v 

w. r.t. time Vill yield the 

need of the harmonic 	 - 3 A 

or. ,  dt 	.~. - 

whore Au- 	. -a 	a~ 	. 

is the speed of the main wave w. r. t. the stator 

A3-.2. 	Rotor M.M.F. &Field Harmonics 

Ix/way stmllar to that used for determining 

the order of the harmonics produced by a stator winding, it 

can be proved that a equirrol, we rotor produces due to the 



action of a th stator harmonic, harmonics of the order 

 s  t 

where ,LL  is the order of the stator harmonic 	$2  is number 

of rotor bars and K2  i e a + ve 	or — 	e 	integer including 

zero. 

The clot harmonics of the rotor are 

_ 	22+ 1 
P 

and the /th harmonic of the rotor field is 

The chi. st ace X2  is measured from same fixed point 

on the rotor. The di stance $1  i $ measured from some fixed 

point on the stator. Both di stances are variable space coon. 

dinates. If at t 0 , Zi X2 , the difference betieen 
K1  & X2 at a certain instant t must be equal to the 

cif stance &'t through which the rotor moves in this time. 

If o is the slip w„ r. t. the main wave then the 

velocity of the rotor is 

u-k) " 1) -) 	- 

Thus -xr 1 — x,z 	MU't, . t  
Ir 

In order to determine the velocity of rotor harmonic 

u. r.t, the stator, the expression in the parenthesis has 

to be differentiated ir, r, t1, t . 



r 	6 

o, yr 	t ~,~ - 	Q _ ~~ 	. C 	 w 

J_[i "'-')-I1 4,- 

. ss 
But ~j~ - ) 	' z 	for sgUi reel cage rotor 

o 

• 

- rk 

A3.-3. 	Parasitic Tangenti 1 Forces - Parasitic torques 

The magnetic field in conjunction with current 

carrying conductors produces tangential forces and troques. 

Only the main wave produces the useful tangenti 1 force and 

torques while the harmonic will produce parasitic tangential 

forces and torques. These parasitic torques may cause conal 

durable distortion of the speed torque curve produced by the 

main w e. 

In induction motors the rotor is not connected to 

the line. The synchronous m.m,f, wave of the stator produces 
an m.m.f. we in the rotor which is at standstill w.r,t. the 

stator gave at any cpeed of the rotor. This produces the use. 

ful torque of the motor and a torque of this kind is called an 

asynchronous torque, 



a) u chronous for ues .- 

An asynchronous toz que 411 occur when a stator 

harmonic produces a rotor harmonic of the same order, and which 

is at standstill 4th respect to the stator hart onic at all 

rotor speedo, 

It can be coon fl om equation.., that all those 

harmonics which correspond to K2 = 0 have the same orders 

as the stator harmonics producing them. If these rotor har. 

monies are at standstill v. rt. the stator harmonic producing 

them at any value of slip, then the torques produced by K2 =0 

rotor harmonics are asynchronous torques. Considering the hath 

stator harmonic and,AAath stator harmonic produced by a h 

such that 	, • The speed of ' .th harmonic w. r. t. sat ato r 

The speed of/J th rotor harmonic w. r. t. stator 

In order that 

&"~a vN-tithe condition to be satisfied 10 

and sincep a = a a this equation is sati sfi ed for all 

values of a. 

I 



7 
b) , chroroue Torquea.- 

In order that a synchronous torque may occur, 
there must be 

/G= t a6 OW'd (t t a,  

From equation 4 

when 	+ b the condition &) = *,~...i s sati stied 
when 

1 = 1 + Ciu-q. - 

or (- 4- - aA•) C - 8) = 0 

But 	= '9q- Yields an asynchronous torque. Hence 

a synchronous torque 4U occur at ,a = ab when s = 1„ There-

fore if a stator harmonic produces afr& ZL wid there exLsts 

another stator harmonic ;b = + ^o, the harmonic ,U-s.& D 6 

411 produce a synchronous torque at standstill 

C) 	Uhen µ=- a 6 the condition  
sati sfi ed when «.1 = 1 + ( /u a -a) (l - a) 
Since ,u- a =a a 	a synchronous torque 411 occur at 

-"ID 6 only when 



Y ti 

Intxcducing the speed n 

1Mf 1 n = _ __...,......_.... 
K2a  Q2  

If the harmonic /1- a. oo rre sponds to a negative 

K21a  the 'nchronous cusp '411 occur at positive n(S <1) 

if ,t' corresponds to positive K2a  the synchronous cusp '411 

occur at a  negatfve n (a> 1 ) 
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2  DbSTGI CALCULATIONS 

Design of a 2900 k:J, 5000 volts, 3000 r,p,m. , 

50 c/s squirrel cage Induction Motor. 

The •following quantities are sepcified: 

Number of. pole, p-----------------2 

Rating, Nn 	------------------2900 kW 
Rating per pole ----------------- 2900  _1450kW 

2 

Synchronous speed ----------------3000 r. p. m. 

Rated Voltage, Un ---------------5000 volts 
Rated phase voltage Up -----------5000 2,890 V. 

3 

2.1. 	Design  of Major  Dimensions 

From curves A4-1- and 
Approximate power factor = 0,915 

and efficiency 	= 0,97 
Nn 

so that rated current = 
Un.Cos-sn.1, 

s 2900 
500.0,915.0,97  

= 378 Amperes. 

Average flux density S is taken as 6000 G at 
the first instance and the ampere conductors per 

unit periphery, A, as 600 amp. condrs. /cm. 



From equation 1.1.4. 

A G = 41 55. hdpl G  Cos'j n.r'l, 
5000 ' 500 

= 4, 55. 0,955. 0,915. 0,97.  6000 	600 
5000 ' 500 

=5,5 

Hcnce, C, the out coefficient is ta4en as 5,5 

C 5,5 

From equation 1.1.5. 

D2t _ 	Nn _ 
C. n.,b 

2900 
— 	 = 0,176  

5$ 5. 3000 

(where .D and t are in meters) 

From curve f 	the value of D is 650 m. m. 

I f D is taken as 650 m. m. then the peripheral 

velocity, q)-, is given by 

ir. D. n.s. 	r.0,65.3000 
= 	_ 	 = 102 m/ s e c 

60 	 60 
This is safe, since from mechanical point of 

view peripheral speeds upto 140 m/sec. are safe. 

hence  the stator bore dj. smeter D is taken as 650 m. m 

Edith D = 0,65  meters 

0,176 	0,416 m. 



Venti le.tin ducts: 	7, radial ventilating dict 

each 1 cm. wide, are provided after nearly every ;m  .w 

of the length of the stator core stampings. 

Nja,gnetic Circuit: 	0,5 m.m. thick Lohys stam- 
a, , Magi 

pingsLand the magnetic circuit is made up as follows: 

1 packet of stampings 60 m.m. wide ---60 m. m. 

6 packets of stamping s, each 50mm wide 
---300  m. m. 

1 packet of stampings 60 mm. wide --- 60 m.m. 

8 packets, totalling ----------------420 m.m. 

? ducts each 10 m. m. wide -------------70 m. m. 

Gross core length, L ---------490 m.m. 

Also taking a staking factor ki = 0,91 

net iron length ti = 0,91. 420 = 382 m.m. 

L = 490, mm. 

t =420 mm. 

i = ,382 mm. 

Air gap • 

2 

From art -'tale 1.15 the air gap of a 

pole induction motor is given by 

D 1+ 9/p 
1200 

650  
+ 9/2 

1200 

M. m. 



Type of winding; 

ql _ 	= 11 

S1 	= 66 

Is9i = 30,9 mm 

Double layer, lap wound, 

_ s 	 76 

For smoother starting the air gap is taken as 

3,5 mm. 

6= 3,5 mm. 

2.2. 	DESIGN OF THD STATOR 

Number of stator slots: 	.assuming a slot 

pitch '' sg l = 30 mm: 
rrD vr.650 

Number of stator stolts  Sl = ---,-.-_ -= 6g 
~sgl 30 

.'. No. of stator slots per pole per phase 

68 
ql = 	= 11,3 

Integral slot windings are used and so q is 
taken as 11, so that total 'number of stator salts 

ir. 650 Sl = 11.6 = 66; and the slot pitch sgs --- 	30,9 
66 

stator connected, chorded winding is to be used. From 

curve, I,a, t 	, 	the ratio of coil pitch 14o full pitch 



gyp, that gives minimum weight of copper, is 0,8. 

hence a coil span W of 27 slots is used. 
Hence, 

distribution factor Kdl = 0,955 

pitch factor Kpl = sin W . Tr + 	27 n 
~ p 	2 	.33 2 

= 0}965 

... Winding factor Kd _ 	, Kdl. K 
pl 	

pi 

= 0,955.0,965 = 0,921 

. A schematic diagram of the winding is shown 

in fig. 

Number of stator conductors: 	Roughly the normal 

line voltage Un, applied to the stator winding, is 

given by (equation 1.2.4.1 

-.10 

	

Un = 3, 2. ns . ,;1. B. D. t, Kp1.10 	volts 

5000. 1010 
or a1 = 	 -=330 

312. 3000. 6000. 650.42.01965 

330 
No. of conductor per slot Nc = 66 = 5 

Let 1'c = 6 	so that ~1 = 6.66 = 396 

6000 . 330 
and B = 	4550 G. 

396 
396 



0 1 

Ampere conductors /cm. 
	'.'C 	378.6 

'tsgl 	3,09 
735 Amp. Condt 

Cm. 

:u3  = 396 

Nc = 6 

= 4550G 

A 	= 735 Amp. Con( 

Total flux per pole 

4s = B. ''tp. t. 

= 4550. r.65 
v 42 lines 

= 19, 5. 106 	lines. 

O s 	= 19 2 5.10 6  linE 

	

Cross-section of stator conductors : 	. current 

density of 4,5 amp./mm2  is taken 

378 
.'. Cross-section of each conductor F1 

 = 4,0 

845s 6q. mm. 



dC8 

Since the cmoss-section of the conductor is 

too large,two para?7e7 circuits are used so that the 

cross-section of each new conductor is halved. 
Hence the cross-section of conductor =  26  = 48 

blot and tooth diamensions - 	Taking a flux 

density of 1?000 G at the narrowest section of the 

'tooth its minimum width is given by 

bt6 = 
- 2/3E5). tsgi 

1?000 

(E S  is taken as 0,06) 

Semiclosed parallel sided slots are used. The  

height of the lip Is taker.. as 10 mm. so that the 

leakage reactance of the stator may not be very low; 

a tapering wedge of backelite and of depth 5 mrrt. is 

used to keep t!e condurctors in position. Thus the 

tooth will have a minimum width at a. diameter of 

650 + p (10 + 5) = s0   	The slot pitch at this  

diameter is 	x-.680  _ 32,4 mm. 
66 

7150. (1-2/3.Q,06 
Tooth width at this point btu  

17000 

.32,4  = 12,4 mm 

' 	Slot width bs  ---= tsg-bt=32,4- 12,4=20mm. 



The slot i )sulation will. be 1 mni. thick mica cell. 

11 otrin 	3rn for clearance and slack, the net width 

available foi the conductors is 20 - 3 - 2.1 = 15mm. 

The conductors will be placed as shown in 

fig. i.e. there will be three conductors in the width 

The conductor insulation will be one serving of mica 

tape 0,5 mm. thick. 

apace required for conductor insulation 

= 2.3.0,5 = 3 mm, space available for conductor 

copper = 15 - 3 = 12 mm. 

~er_ce 4,0 mm. thick conductors are to be used 

and the slot width i. s made as foa_ 1 ows: 

Micanite cell. 2 x 1 --------- 2 mm. 

Conductor insulation 3x2x0,5--3 mm. 

Conductor copper 3x4,0-------12 mm. 

Clearance and slack 3 mm------3 mm. 

Total 	20 mm. 
Width. 

b c u  

bs =20 	mm. 

Lepth of conductor hcu = 1 = g$ = 12 mm. 
bcu 4 

In order to keep down the eddy current losses 

6 strands each of 2 mm. thick are used. The slot 

depth i:.0 xE.de up - as follows 



01) 

1~, ----------------------10mm. 
Wedge ------- -r-- 5mm  

Micanite ce].i , 3 x 1----- 3;ru .  

Cordr. insu1 ation4x2x0, 5 4mm.  
Strand insul, 6 x 0,2----1,2mmn.  

Separator lmm.mica------- 1mm.  

	

Conductor depth, 4x12----48mm. 	!: 	I 

Clearance and slack-----3 8mm. 

Slot depth 	?6,0 mm. 

Lacca firis.hcd conductor is of 

dimensions (4+1)X(12+0,2+1)  

i.e. 5X13121 thus the slot 

opening bo is taken as 5,5mm 

so that the conductors may be sliped in easily 

hs = 76 mm. 

'bo = 5,5 mm. 

Conductor area F1' = 12 X 4 = 48 5q. mm. 

3?8 
Current density i 	= 2 	IflPs/j.fl1Th. 

Watts lost per sq. dm. of slot = 
56(b5+ 2hs) 

735 . 3,94. 30,9 	2 
_ 	~  - 9,3 w/dm 

56. (15,2 + 2) 

This is within the safe limits. 

6),04 



Length of conductor: 

The Length of each conductor 

is given by 

L/= L+ 21e 2+2 A+T4hs + 50 mm. 

where  
,.e, _'c 	2. 7.3, 09.3, 09 

2 	'I-á2 2. 43,092 - 2 

= 54,6 
:. L~=49+2.5+2.54, 6+~r. 2 + 5 

4 
174,8 cm. say 175 cm. 

LZ = 175 cm. 

Total length of Copper (4Xl2mm2) 

,i ! . LG = 2.396 X 175 = 1385 meters 

Resistance per conductor 

IZ 1,75 RL = 	= 
K. F 	56. 96 

Resistance per phase 

1,75. 132 
rl = Llp . RZ 	

56. 96 

ohms. 

= 0, ,043 

Stator I2R loss = 3.I2. rl = 3.37 2.0, 043 =1$y4Kw 



Stator core 

Taking a f lux density of 15000 G in the 

stator core, radial depth hel behind the teeth is 

given by 

hel = ____ ks 	1915 . 106 
=17cm. 

2. ti .15000 	2.38,2.15000 

External diameter of stator core 

Do = D + 2ht + 2 hcl = 65 + 2,716 + 2.1?=114, 2 cm. 

114 cm. 

Mean diameter of core = 65+15,2 + 17 	= 97 cm. 

Mean length of the magnetic path lcl in the stator 

core is given by 

'r.97 
lei= 	= 154 cm. 

2 

stator 	losses (iow) 

Weight of stator teeth 

1. btmean,ht. li. 7, 5. 
-3 
 Kg. 

-66. 2,18.  7, 6. 38 , 2. 7) 5. 
-3 

10 =313Kg . 

Iron losses for stator tooth are 26W/Kg for a 

tooth density of 17000 G. 
-3 

.'. Iron loss in tooth = 5 313.26.10 = 8,15 Kw 
~ 

 
65002 	-3 

pit, of'. stator core = 4_(1142_   80,2 ) . 38 ? 2. 7, 5.10 Kg 



di. 
	83 

2.3. 	ROTC± DESIGN 

Number of Rotor Bars  - 

As has been explained in article 1.3.1. let 

q @  = ql  +2/3 = 11 + 2/3 = 35/3 so that the rotor slot; 

Si  = 35/3.6 = ?0. Since the strongest saddle appears;  

when the number of stator slots is different from the 

number of rotor slots by ± p, hence, with S = ?O,no 

strong saddles will appear in the torque slip curve. 

The stator mmf produces harmonics of the 

order given by a = K1 ml + 1 and these are given 

In the fol owing tables with their winding factors 

II a 	1 	 I -5•  	? 	 11 ; 13 	-1 J4 

1© 1955 .10,193 10,139 10 009-1---10 30z- 10,063 

______,_ 0 959 0 y 143. 0 ,  414 I i 	10,841,  lQ,141 
p 	0,915 ln_,Q2'7 In,0.57W.1Q,Qcl...101066  X03009 

= I -65 I 61 l-59 	 55 I -53 i 49 

= 19 25 31 1-35  

Kd 
 

10,058 	10,051 	10,004910 046 10 5045 j0,045 

K 10,656 10,959 10,500 	10 2 422 (0,866 10,866 

Kd.p  10,038 10,048  10,024 	10 2019 10,039 10,039 

1 	-4? 1 	43 -41 	1 	37 I  -35 1 	- 

From the above tables it is clear that nearly 



all the harmonics are zero except the 65th and 67th 

The rotor harmonics are K2 m2 + 	i.e. with K2 0 

all those harmonic that ..are present in the stator 

and with K2 = ± 1 - 69th and 71th harmonics. Thus 

the 65th and 67th harmonics will produce asynchron-

ous torques, but these torque will be 1/65th or 

1/67th of the torque due to the fundamental. Hence 

they are insignificant . (still the effect of these 

harmonics can be reduced by skewing, which will also 

reduce noise). 

Thus the rotor with 70. '. slot.; is almost 

without any defect. Therefore the slot pitch 

s 	rr. 643 	= 29 mm. g2 = 70 

Bar and ring currents - 

The bar voltage at standstill is 

E 	~ 	us ( l € s ) _ ~ ~ 5000 .0,94 
=22,5V.    

2b ar= 	Z 1. KPi 	~3 39 6.0 , 9 59 

• 6 • B :' current Ib at standstill is 

_ Nn(Watts) 	2900. 1000 

Ib 	S2. ' . E2 	'O.0,93.22,5 
= 1950 Amp. 

and 	S2 	ro 
I r = 	• 'b = --~70 .1950 = 21'x)0 Amp • 

Trp 	 lr. 2 



3 The following three designs are carried out 

(a) 	Crdinary cage rotor 

(B) Jeep bar cage rotor 

(C) Double cage rotor 

Design A: 	A current density of about 6A/Sq.mm. 

is taken in the rotor bars 

so that the bar cross-see-

tion Fb = Ib/ib = 1950/6 

- 325 q.mm.  A rectangu-

lar conductor of copper of 

15 X 22 = 330 sq. mm. is 

used. The slot dimensions 

are 16 X 23 with a lip tmm. 

wide 1 mm. deep and a trape-

zoidal wedge of 4mm. depth. 

The slot shape is as shown 

in figure 2..- 
Fig. L rt 

Taking a current density of 5A/m2  the ring 

cross-section 1r = Ir/ir  = 212170_C0 = 4340 mm` say 

4400 sq. mm. 	brass ring with 	= 0,06 of section 

55 X 80 sq. mm. is used. 

x tar resistance: 	The length of each rotor bar 

is L + 20 m:.l. (taking 10 mm as the overhang on eac 

side) i.e. 50 + QP = 52 cm. 



0,52 	 -S 
rb = 	= 2,81.10 	ohms. 

56.330 

Length of each segment of the ring 

it (643- 55) 
= 	 = 	26,4 mm. 

70 

resistance of each ring segment 

0,6 . 2,64 	-6 
rr = 	 = 	3, 6.10 

4400 

.'. equivalent bar resistance is 

rr 0 36 rbe = rb + 	= 	, 	5  

	

_' P 2 	1 2,81+2 (n. 2) 2 .10 

	

2•(2~ j 	2.70 
2 

-5 
= 12.10 	ohms. 

The transformation ratio for the impedance is 

2• P. (N. KdP11) 2. ml 	2. 2;(66.0 X92) 2.3 
or = 	_ 

Z2 	70 

= 635 per phse 

rotor resistance referred to stator is 

-5 
r25 = 635. 12.10 	= 0,076 R. 



87 
Aotor tooth - 

wlot pitch at 1/3rd ci. tjc slot depth 

2(1/3)  _ 	rr. 643 - 2. 1/3. 28 = 

70 

'oot- , wia . at 1/3rd slot aeptt = 28 - 16 
= 12 mm. 

~cx c,L c.. e flux density at 1/3rd of the slot depth 

t2C,Iy)_ 	i ( 1 - €S). Z5 2 =7150.0,94.
12 bt203) 

= 16250 G 

iiotor Lore 

The sr of t diameter ib roughly given by 

outpat (watts) 
d = U , 8. 25 , 4 	rpm • 

L~tiCE appl`oXisaately th(- shaft aiaiieter 

a = O,84.25,t./ 2900 . 1000 
3000 

= 210 m,-. 

Let tt_e shaft diameter be taken as 200 mm. 

the blot hEig.ct is 28 trim. so that the ciepth OX" the 

core, 
het = 1/2 ( G 43 - 200 - 2 i 28 )= 193,5 mm. 

s~.y 190 miii. 	 he2 = 190 'flu 

17. ate. daub .td in t;-e rotor core 



Chas ' 

- - 	

- -1 
OPen slc*s 

W 

8 	~o __ 2 

RoI o (opening/9np) 

2-.3 



10, 5. (1- 0,06). 106 

~c2 = 	
= 12600G. 

2. 19. 38, 2 
 

.Bc2 = 12600G 

.also tht mean 1Ln ,th of the magnetic path in the 

rotor core 
it (643 - 2. 28 - 190 ) 

ec2 _ 	 _ 	, 625 n.m. 
2 

iio loaa current 

r z oiu carve 	kol = 0,28  ana k02 = 0 

SO that hgl 

ana he,2 

30,9 
= 1,09 

30,9 - 01 28. 5, 5 

1 

:quivalent gap length 

= Kg1 • 'K&2 • 6 = 1,09.1. 3,5  =3,82 

The calculation for the magnetizing current 

are based on t,e value 

Magnetisation - The calculations for the magnetizin 

current are based on the value x330, i.e. the flux 

density at 300 from the pole center (which is common 

to the actual f lattend aistribution and to tie funda 

mental component ripon which the emt depends. 

B30 = B1. Cos 30 = B1 	= 0,866 1 
2 
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B B at i xT = at. 

Stator Core 15000 - 10 154 1 
'tator tooths 

3 
15900 13800 51 4 2. 7, 6 82 

Gap 7150 6190 4950 2.0, 
382 

3800 

Motor tooths 
Cl/3 

16250 14100 6,1  2.2 8 
' 

34 

n for Core 12600 - 3,5 625 219 

Total AT30 = 5675 per pole pair 

---- 

3.0,9 . Iv c. ql. Kdp1 

5675 

	

3.0,9. 6. 11. 0,921 
	= 34,6 m; 

I ( 	= 34, 6.m; 
5000 

aim _ 	=83,5 ./3• I 4s 	3. 34,6 

Losses. 

	

	The no load losses are 

Iron loss = 30,15 Kw 

I' 

 

aria. d loss 10, out p at = 29 Kw. 

. . is o loac, losses 	= 59,15 Kw. 

59,15. 103 nctive component oi- m,. ~,. current = 
.3 . - 5000 

= 6,85 snip. 
. 	i1 o loac current Io = . 

k/34,6 +6,852 



6,85 	~ J 
1 0 load power factor cos `Yo = 	= 0,194 

35,3 
5000 

1'lagnetis jn€, reactance 	_ 	 = 83 ohms. 4,6 

resi~twIce e jaivalent to 	 5000 iron losses 	rm = 	 = y20 ohm 
r3 : 6,85 

Ohort Gircujt Ourrent 

A :&ct,Uxlces - 

plot permeance. 

24 	40 	10 	10 
Asb 	=___+ 	+ 	+----4,646  

3. 20 	20 	25,5 	5,5 

24 	4 	10 	10 
>s t 	= 	+ -.--- 	+ ------ + 	= 1,82 

60 	20 	25,5 	5,5 

24 	4 	10 	10 
\ bt 	= 	+ _.__. + 	+ 	=3,012  

40 	20 	25,5 	5,5 

= 	1/4 	( Asb 	+ 	)st 	+ 	2Kr . Xbt 	) 

1 	 1 1 
hr 	= 	Z cas ~c 	= 	2 + 9.025 I= 0,59 

2q 	2q 	11 

. ' . ) s = 1/4 ( 4,646 + 1,82 + 3,012.2. 0,59 ) 

2,6 /cm. length 
= 	2,6.49 = 127,5 

4za6 ,ez m€ ance 



02 - al 	'~1 - a2 	28-5,5 	25,4-1 
- 	+ 	_ 	+ 	=1,6 

0,96 ''sg2 	`~ sg1 	6, 96.29 	30,9 

.' 
	= 	

1,6 	102 • -6 	
= 0 075/cm le th , 	ng 

48 .11. 70. 0,35 

I. \fr = 3,68 

• ' • fs ( \ 4 + )s ) = 3,68  + 127,5 = 131,18 

Ls + 	= 1,6 ~r N2 (~(G + s). s )10-8 

pq 

1,67r. 66. 66 
. 11,18.1O 

11.2 

= 113.10 h. 

= 100. ir. 1,3.10-3 = 0,409 	ohm. 

Cverhang reactance 

Lep 	= 1,6 Tr 2 1,2 Kd12. Kp12. (Q e2 . A) .
1 

p 	 2 
Ze2 	= 5 e, m. 

ee1 	
_ ( . ~Csg) 	2 	_ 9. 30,9. 20 

2 	4'`csg~-a2 	24(30,92_202) 

= 118 mm = 11,8 cm. 

66. 66 
Lep - 

 
1,6w 	2 	

E,2 .019212. (5+5,9) 10-8 

=12. 2.10-y h 

icep 	= 12,2 .10-x.100.it = O382 ohm 

~1 	= 0,382  + 0y09 = 0,791 



Mot or - 

,dJot 	pe.Lr.iearnce 

23 4 	1 
) + 

48 17 	1 

Lo 	= o, e, 	A S. 10-8 = 0,47r.49.1,72.10-8 
= 1,06.10_6 	h. 

Lr 	= 0 , 4'rr N2 
mlp 

2 
F(eb  - ks ) + K. 3 h. _I .10_8  

643-80 
where -- .r 	= 88,5 	and 	E. = 0 , 18 

2 

. 	Lr = 	0,41r . 70 . 6 3 2 + 0,18. 88,5 .10-8 h 

= 11 55.10-6 

Lbe 	= (1,06 + 1,55). 10-6 = 2,61 .10-6 h 

L2t 	= 635. 2,61 .10-6 = 1,66.10 	h 

100.7r, 1,66. 10- 3= 0,52  ohm. 

• .• iteuctunce of t, otor rEterred to prirk.,ry 

X = 0,52 + 0,791 = 1,311 ohm. 

iii= 0,119 

zival€,nb Circuit 

.zhc f c l ? c~winL data i av&i lao le 

Al = 0,791 	A2 = 0,52 

r _ = 	 . r _ 	= 



y t 

LL ° 

N 

2 



rm  = 4 20 

Xm = 83 

The snort circuit cur:L ent Is. C. _ Un 

5000 
= 	=  2200xm 

I3.1,311 
R  0,119  aac ti ie s. c. power f ctor cos Yn = — = 	= 0,095 
zr 1,315 

(jr- cle aiaj,ram_ 

ie no 1oau anon the s. c. data the circl 

ciiaLr-m  as shown in fig. ..4 is drawn. 

X`rom tL(. circle aiaLraM - 

J'. L. 'urrent ...... 359 amps. 

	

P. f. 	6000.. 	0,91 

	

'/TL. 	 6666.. 	 97 . 

	

slip 	...... 0,945 



LIr T 

II ILJJ 

0 

° a 

TOATUE-.s[i/0 CU,PYE:F.4 
Pi o~ti- C4 F Coro e 

1 	0.9 	0.8 	0.7 	016 	03 	o 4 	0.3 	0.2 	0.1 	o 

SG io 

2.5 



1900 kW /NQ'C7/ON IY0T0R WITH (161 1I1?4T PE 



Desi,-,n 	- 	ihic cxecp oar rotor 

e corLvuctor eros--section 16 t~kel. as 

5 X 65 .mt. o that t.LJ.e slot 	size is 5,5 X 65,5 
sq.mm. with a lip 1 mm. wine 

t.CI 1 mr,. QQp and a wedge 

sr.cc Ci. 	,rm, as shows in 

f'i . 2..7 . 	'.Lhc. ring is kept 

ci L,,+- ::ialflc uimer!sionb as in 

design tl 

kotor• tooth - 

Ihe pitch at the bottom of 

rvtur tooth 

~s 2b = Ir(6-69,5.2)=22,6.alm ' 
70 

C x L oa tccth width at its bottom 22,6-5,5 

= 17,1 
7150. 29(1 -0,06) 

• . ~t 2b = 	17,1 	= 11260 G 

t1~o 

 

11tx uor~s ty at 1/3rd slot acpth 

2(1/$; _ 	(643 - 69, 5. 2/3) 26,7 mm. 

bt 2 (1/3) = 26,7 - 5,5 = 21,2 mm. 

. . ~t2 (1/3)= 11260 . 17,1 
9400 G 

21,2 

no rc turnb/unit o .ri Dh ry at+ _ = 1, 5 / cm 



ttotor L'alIC 

kinL the shan't c1.L. m to & 200 

-I,L c.€ptL of rotor core hc2 = 152 mm. 

19,5. 106 .0,94 
• .dc2 = 	__------- ----- = 16000 G 

15, 2. 38,2 . 2 

Tr. (200 + 152) 
£02 =  

2 

at~2 = 12/cm.. 

AT 02 2 12. 55 , 2 = 662 

No lord current 

Z AT = 3800 + 82 + 1540+ 21 +662=610ti 

61-05 
.  . I t~ = 	- ----- -- 	= 37,2  amp. 

3.0 '9 . 11. 0,921 

Oincc tfl e iron losses at no load remain the 

e, 	no change is wade in the stator tree active 

cc~n fon:.n•t cl t1 c tir. 1. cur•r•cnt iL. 6,85 nmp. 

.I . . o w /37,22 + 6,852 	= 39,2 Amp. 

xm 	- 77 ohms and rm = 420 ohms 

r.otox• Inipcdencc 
(at sterna still) 

h = h / 	1~~n_ 

= 552mm 



• s = 1 te multiplication factor K 

frock curve 	i. 6, 5. 

The resistance of each tsar 

60  52 	- 
rb = 	 = 2, 8 6.10 

325 

*,inec only 50 cii is in.)ide ti iron core, the alnaant 

o± resistance subjectea to increase is 50/52. 2,86 

10- 5  = 2, 75. 10- 5  ohms. 

Hence at s = 1 

rbe  = (9,19 + 0,11 + 2, ?5. 6, 5) .10- 5  

= 27, 2 . 10-5  

.a .r2I  = 27,2. 635 . 10-5  = 0,1?3 ohms. 

he  act an. ce 

65,5 	3.2 	1 
+ —" = 6,36 

6 	1 

Lb = a,47' .52 . 6,36. 10-8  = 4,21.10-6  h 

Lr  = 1, 55. 10- 6  h 

Pcrfornlan.ce - 

t'rorn the torque slip curve an the perfor-

mancc chart the ibllowinL, values are obtained 



Performances of the Deep Sar lnauction;Motor 

1~ slip 	L--ill ._.,_,.... _ 	s  -~~ 

2 h!=0 875 	 ......_ 	 ,6 ..__....~ 3 9  5 	198 	 L' 

L . 
 _-_.-- 	17,9,10 	 15,4,10 6 	1110 	55,10 	3,3,10 8 	~ 2,75,10 6 	2 75.10" 6 

5 r 	0,1 	0,157 	0,129 	0,0945 	0,08 	0,0765 	0,0765 

6 	o(h') 	0,231 	0, 268 	0,38 	0 795 	0~ 9 	_ 09 	1,0 

7 	x2' - 	015 6 - 	0,55 	0,646 	wM~ 0,98 	1,059 	1,14 	1,15 

8 r2'Is 	0,173 0,196 	0 322 	0,945 	1,6 	1916 	7 65 

L'2s 	0,173 + j0,526 0196 + jO,55 	0,322 + jO,646 	0,95 + jO,98 	1,66 + j1,059 	1,915 + j1,14 	7,66 + jl,15  
,55!i  0,585 70 	0,721 64 	136 46 	192 ~3 9 ~. 	( 	2 225 	7 71 

	

10~ c-4'2s 	0,1755 +j0,535 O 1L j0~559 0,327 + j 0,656 0196 + j0,995 	1,622 + jl,072 _1,94+ j11155 	7,75 

12 1 L1 + c- 4'2s 1,665+ j1,863 	1,983+ 
2,5 	48 	2,78 L 

+ jG )781 10,043 + jo.~l _ 0,043 + j0,791 	0,043+ j0,791 10,043 + j0,791 1 0 

0,219 + jl,226 	0,242 + jl,35 	0,37 ± j1,447 	1,003+ j1,786 
1,341 82 	1,37 180 	1,51 (6 	 2,045~61 

791 LM3 j0 791 

946 	7,793+ jl,956 
8,01 14 

1~ 2sl i + 	2s 041 	-10 0,2 	•10 0,49 	L •12 0,665.15 0,769 	•l+ 5 0,8  

14 	L1- (13), 	1183 	1212 	10 1415 	•12 1920 	•15 2210 	•14 5 2x10 	2780  

LJ 2153 1940 76 1410 	•61 1155 	L-48 1040 	44 2 	360 L 

16 2564 3629 ,r 	,31s 

	

2370 5640 6 00 610 	2970 

t7 

1~2,r2',3 

P and 

2370 2950 
29 

1453 
20 

564 
29 

320 
29 

248 	
' 

 

29 	29 i'otal 2370 2979 1179 593 349 277 58,? 

0~0069•j0~0002210,0072•j0,00257 0,0084&j0~00421 0,0120-j0,0124 0,0139•'0,021 	0,01~j 025 	0,01~j0,1002 
70069 " 
	

' _T0 "_'_
.̀_TOOS46"_-"' 	

" Z~ 1~~ u ;119"_ _-  
._.~~_ 	2s 	10069.0 00022 10072•'0 00?57 100846•'0 00421 10129.0 Ol~.,1'~131 Q 11.0 0? 	.a.:J9.._ 

22 11-12,(21) 	2164 •82 	X91 -80,_~ 

 

1964 	6 	1397 L61 	1171 •L9,2 	1 	x45 7 	367 •1907 

_ acs 1 	0149 	J4 	0 242 	flLLLL 5js 
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tII:t L4  
L 

0 
0 	0 

0 

I o o,$ 07 0,6 a5 44 0.3 0,2. 4! 0 

SL / 

1 



D'uII- load 	Slip 	..... 	1 .7'. 

torque ..... 2907 syn hw• 
current ..... 367 ,anp 

P.1. ..... 0,04L5 

of ficier--cy .. 	95,8 '/. 

ht Stand sti1.] current 	2164 temp. 

r. f. 	= 0,149 

torque 	= 23 70 syn 1Lw. 



I 
iJ:.si ,ra L - 	)oubl e Case .Motor 

TLe stator i s kept tLe sa.rie as in design 

so trot x1 &ria rl are fixed. i.ow 4'e ideal 

snort circuit currents for the c ii cke 	z •9) 

Up 	2890 
I "  s.c. 	_ 	----= 	= 3 650 amp. 

xl 0,791 

The size o1 the inner circle k..' can be 

N 	dealt rith freely. i'hc smaller the d iatneter of 

the circle the worse will be the power factor of 

the nA ,chine at full load. Let the aianeter of the 

inner circle re ~re sent 1000 .mp. so tat in fib. 

= 1000 - 35 = 965x arja pa" = 3650 - 35 

0615 .. From tcse v^"!uc.s the postticns of the 

c rc7 e n' az,u h" are dcterrni r.ed and oy the use of 

r1 ana r' 2 tr,e positions of the points pu' aria Pk ' 

arc eeteinea, such t.ha t th c ordinates of P' sx1G 

Pik' nut be proportional to the copper losses in 

One phase of sttc~l winairit, n.d co i per losses in 

one pase of tea(_ stator &nu rotor winu.int respecti 

vel. 

It we invert the circ:? es n' and h." with 

reference to Po. tr.eL. tr inversion of iL' is a 

vertical (g') passiriL tcxr•ou ;n ii' anct correspond-

int,ly ti,c invc± sicrn of n" i5 a vertical (g U) t ire 

u h L'. 
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;± 

+ 

Z \.4r 
m 



c x 	t ir li n 	po Y' u 	rla Po Pk' will 

on g' coat cc ~% t:.c i ~x4 ;: L = a. 	!^or -1 zcrta 1 I ine 

tr~raa{ 	 c, 	in 1i is arwri, auOUL t~~ 

center t. ci L. line  1G a cilcic k is drawn. 

`l r.c noir t of ccrta ct L or a tangent from P'o to 

L oi<<u coz responc.ILL. o S = l for the max 

toi a€. 	rcr unit current condition, in the inverte 

point L' corresporiaii.b to s = 0,5 

may ue fouiu in ci 	ollovrin, mariner: it lies immeai 

tI„  on circle k' whose center H' lies hi6iier 

tr±aL 	H uy til caa.otar,ce 'a' i.e. H ri' = a iv is the 
tt al projection of L on U, 	Tu' is the cente 

of Li. 	strai.€.ht A t-TiN' int~.r sects k in Lo'. 	L' 

i;, t...c point G1 inc:ex sectio, wit,. Ic' of a verticle 

liLe 9 	 t;1.1'oubi. Lot. 	Ii -LI.c ;'au.e manner the 

puiht L" is out1r. cu 1- oi s= 1/8 t no. L"' for s =1 

IN.LbE point L, L' L1t, L'n ire iriv6rtea as follows: 

poi„rE r Ui i..r v r -c l or I s eco l.1 .] to 

koi)E . YoL” = 18, 25. =4, 8~  

. . ~o~(s = i)' '0L = POY(s = 1/2) . YoL' = 

oF'Cs = 1/34. 	0L' = Po.)' . Po. e" 

uL 	ir.~a P(s = 1); F = 1/2),F = 1/~~ 

ctc. are teiuiiriec: 



a 

	

i±.. crCAet to detcrmire 	1jrat to Vc 1€ o: 
~2 `2 	.ric ti±or. ,,u (= r ) i to 1, c; aete ili1,ea 
2 

+ 	__ 2890 = 2 89 A12 	1000 

= 0,791 

2,89 - 0,791  = 2,09 

r2' is taLt.r 	s 0,27 omni jr phu~e 

2 

 

2,09 
_ --------- =8,5  

r r 	0,2'7 

8,5 
anc. 	= 1 + Al = 1 + ---- 	3,47  

t 	2,'5 

ii. C± t.fy L€ regi tW.ce of ie ir..t~f.r cr u 

oaten cam. e are c~etLr,irle. , to l c ly. 

3,47 
_ 	r 2' — ---- 	0,27  = 0,34? 

	

 
2,47 	 ohm 

_ 	.r2 	= 3,47 . 0,2±7 = 0,8bb Dino 

It is ciesjr,,;b1 0 to tLve reiatively small 

ossLt-- ir- t.' F ord rings, since t~^e bars are placed 

uninsu'at€.c in tbe slots au t_.&_s causes currents to 

',cr tF, ro 	the end Laminations which act in the sar 

wall .s L OCCreuuse; of the resistance in the enc' rings 

-' .1t t~. c r:%.ore hE heat g;ererated in * he bars of t'c 

cute 1 c ,,, ( (Ur starting can be more quickly trans- 
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-ferrec, by conduction to the rotor iron then the hea 

p E rera.tcd 	r 	E. er c;. rir..L .~. 
.0 or tx~e ~e resor 	orLly 40 PC rcext o! 	e 

sC:CU! cry £ iStcU Ce is }1eeu irx ti C E,J,U ririb,s G1 

o.4 Wei c& 	wnile for tr4,e ix~x,er c .&e 	vlue 

i., ir.creascd to 60 perceiit. 

i.bus :Lor  trx(; cuter cage 

01 6. 0,855 
rb = 

	

	- -- = 1,315.1O `~ or i 
635 

0,L. 0,855. 2.~r2 22 
rr 	2 	2 	= 2,16.10-6 

OnA  
635.   70 . 22 

 .t CI E;I E. ix_nel Cate 

0,4 . 0,3f7 
r 1) _ 	- - --.------ = 0, 219.10 	ohm 

635 

0,6 0,$47 . 2. -2 
rr = 	 - 	= 1,325 ohms 

635. 702 

'L .L 	ci to our i 	52 c mi. 	1-he mean 

di ut:et€r cI' outer t r 	r- tr.L is 	s COO mm. Ine 

that of the inner ring is taken as 550 rr.° ; 

52. 1O' 
L 	cross-section 01 uu ,ci cc = 	 • 10 3 

56. 1,315. 

= 7,07 sq. m:}. 

~~.r crops- Secta c)n of ixr.cx Case 

52. 10- 2 _ 	 =40 S1. nm. 
56. 0,219.10-`~ 



.Ifl(A I'li.~, 1L SCCtiOY.L G1. cc outer Cage: 

cac%. sC'k'mext 0i Gated, rir:.~ 

7r. 600 - = 26 , 9mm. 
70 	0,6 2,69.10-2 

2,16.10- 6 

0,?48.10.4 seq.m n. 

Lm ti of eacxj. sej,merL oi. iron€x• cage 

0,6 ir. 550 

70 
 0, 6. 2? 47. 10' 2 

. section 01 inr1ei cage = 
1,325.10"' 

= 17 12.10 4 sq.i 

LCLCC iur tLL outer ca,6e circular bars of 

3 rim. ui4. uI e aseu aria u rink, ul 9i rnt.,. wiao an 80 r. 

u~..cp i. 	• .L i1 	i 0.c LLC il, -~.r C,F-G i ° i 	of 100& 

b . Liffl. L, kA6LCI. 

-oE.1ore l:he rotor slo ; lb ui i,EY.[. ].UnF~U tjie 

Yietie T(;:, tci ce 01 VE.E. 61i ,u IS GO Ue uetenlill a 

3y 47 
1 = ( 	)2x1 _ ( 	)2 2,099 = 4 2 

a-1 	2,47 

L' = 4,12/635.100.  Tn• = 2 , 0 6.10- 5 

Lr = 12 55.10-6 (,s in ti,e normal cage) 

• 	• L0 - (20, 6-1,55). 10 	= 19. 10" b ra 
•. ~s = 19 . 10 	 _ 	—_'00 8 

0,r . 49. 10-8 
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Ii. c 	i€:fl~ioLit4, 01 	ttse s1 of provision 

musts 	a1.c oL nae to secure A s = 30, 8. 

1.1 ut ti.e narrowest part of 	tLE. 	tooth 

.Lt b 	= 1u000 G then 

7150 	.0, 94. 29 = 10,25 mm 
~t 

19000 

iLe, 	slot 	c,. airi.c.rlsioLls as 	shown in fig. z.1% 	is used. 

li rcL ui~€ circle air txe t'olluwii 6 

r~titie- 	,re 	of tG.ined: 

r'ull 1OL( : 

slip 	 2,57 '/• 

I1 	 360 j.. 

uc s 	1 	0,929 

Torque 	 2930 syph. ~Lw. 

'lj 	93,5/• 

~t stanastill: 

Z1 	= 	1840 

(os(1 	= 	0,594 

r1ol- ue 	= 	10650 oyn. Lw. 
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