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The eoent disiartatlon describes a new method  
of induction motors design. "Comparative Design" is a p cess 
for quickly and simply► arriving .n at an app Sato winding by 
alt ring a known winding of awn oharactertstics to meet 
the desired cpeoificatione.$oniespa 	approximate relationships to 
assist this process have been obtained iicb moot the various 
operating quantities and the dimensions, The process has -b 
extended to got balanced design of Pause, Two.mphase and 
singlohase votom to give the sane operating eba racteri. shoe, 
A iparLson has boa made for the performances of the des C4 
machines to operate oh a given torque-slip curve of a high  
speed compressor drive. 

'I 
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The 'bast designis the beat coaprotniae among the never  
contending elements ttida must or should enter into Its, Zn OlQ+ 

kcal mac inert' masse are 
(1) The Le o rcutt (or r ts) 
O The msgnetió circuit1 
(3) Ilie dielectric r res t (insulation) 

The thermal  themai circuits  
(5) The ucbanical circuit (iOns for supporting the various 

mechanical stresses),  
(8) Cost balance# 
(7) Manufacturing factUty, 
(8) Ease of maintenance and r+ p r$ 
(9) AOOUStL0 , cbaracterjsflcs (reasonably quiet operation) 

Cost is usually the main factor Bch govexn the design. 
Cost to dependent - on quality of material#  quantity of material 
and the labour for manufacturing. Some times cost is not the main 
factor and then either + fioien "1  weight, quietnessare the 
predominit factors, 

In the present design of 100 BPI  440 volt, iP,O rpm, 	/a 
Submarine Compressor Drive Motor the ve ght has been given the ' 
criteria for most economical  desi ,, Zn this problem natural . ccv . 
jug ja also not there i this is ` n  coaled machine, S while 
desig , losses for the temperature rise also dose not affect 
the design, 
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24 D,$jEr Procedure  
1.2 Zportaut Relations 
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In the present dissertation an 1' ? Comparative Design of  
• lucton Motors" most economical designs have to be given for 

(1) thrgs.pbaa (ii) two-phase(iii) sthle Phase motor to 
drive a high speed coznpr.ssor. Thespecifications of themotor ara 
200 H.P.# 440 volt, O, 6O0 r,p,m,,= 0-  <Va, treon cooId machinø,  
The acceleration  torque curve for the epzeor has been 80 
as shoin in fig, 

From the a►.danienta..e st designand procedure outlined in 
section 2 and 4 for polyphase and single phase induction motors 
on elementary design is prep. Zte perZormice Is then cal+u 

ted in accordance with the procedure outlued in Section 
for polyphaso and single phase induction motors r pectivaly. Zn  
order to got the most economical 4oaign matmtm values of flu: 
densities 	current densities are Used in various parts at nags . . 
notle and electric Ircuits without  + fecting much the óffi-eiancy 
of the machines. 8o In order to do this varIous dimensionsare changed 
in accordance with certain knoi relations,After arriving at suff.. 
.cientl7 economical design, torque/speed torque/speed 	 curve of inductIon motor 

doejgnod is drawn* ThIs torquesLtp curve is to be matched with the 
given a*CeleratIon-torque curve of the compressor In order to d 
proper matching either of () full. load (U) beak.down and or  

sting torques are to be varied This moans a new desLg, 
So in order 'to arrive quickly to the .mown design, the following 
approximate relations are to be used which cnneet various operating  
-gUabtities with dimensions 
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1.2. ut f 	Z ± 5 

The Important relations have been derived, frcw viand 
• martals to connect operating quantities DT .LaT, Vt 8# LEAR VAI, (4 

d nsities eta*) with G1mensims ".+ #e +, V *too )* The re3 a • 
bons are ltstd b3,owt 

X Z 	 I1'2 xjZi,1 

No.2CL!LT)2 TX ► 	. J 1 ~ i. 

Wow  . 
NO. 3* $Z 	= c 	2 	x  

(BDT)2 and CDT) , c.re expressed either In `t. lbs. or $ of 
the full brad torq t, 

No. 5s (LEA) # 2.4 x (EDT)  

No. Os )ag(VA)2 *.( ___2 c,2x(4,2.x 	•z 
f 

No 7* (Tooth De i ) 	Z 	W = 	 3 
1 



v 

No. ► (Core + 	t7)2 	 (Core d 	tar) j 

2 
No 91 ( T)lb$.ft, 	* 	ri + 	► 	0 

Subscript I] refers to the winding of know obaracteri 8 , ce, 
Subscript 02' refers to the winding ofthose tharacterietcs 
are to be b determined, 
When number Of poles Ic incraad, toth den 	rnar become  
critical,, 
When number of poles is decreased, care density m become or..  
tip, 
1.3 

In above relations symbols used area 
BDT ► Brea own torque#  Of Full load torque3  
LRT • Locked rotor t que, of full load torque, 

Looked rotor ampere 
V a Rated volts„ 

v • Effect&e series conductor s per pbaee4. 

8 ► • Full load slip., 
' • Horse power rating, 

Freque1 ty, 
P 	* Number of p6 O w 
 L gtb of the core star , 

• Saturation facto 
D 	Gap diameter,  
VA • Volt ampere cap i ' 

Thus using the abovø relations 4 satisfactory design can be  
o a 	►• 
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Ps.  

2.1. General 
2.1.1. Rating, 

Core Djzsjons. 
2.1030  31ectricaZ. 
2.i.4 Saturation, 
216 Core losses. 
2.1.8 Full Load Reaetances. 
23.7 Full Load' V2. 

.1.8 No Load. 
20109 Cast Caloatioris, 

2.2. Full Load Pez'torance. 
2.3 Locked Rotor Performance* 
2.4 3reaovn Torque, 
2.4 Speed Torque Ctzrv., 
2.6 Half Voltage Looked Rotor, 

0 
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Design procedures differ considerably depending upon too 
msny fBctors to enumerate here. In genersl , a basic design proc► 
educe coast  consists of the following steps 

a) Selection of a trial desig, 
b) . basic calculation of the trial designt  
a) Evaluation of results of calculations 
d) Repetition of first three steps until a saftstactory 

design is found, 

• This procedure outlines the formulas qu . e to evaluate 
the equivalent circuit Constants .necweary in the calculation of 
induction motor performance, The solution of the equivalent circuit 
for determining machine chine per `o . rc s cover in S c 1. ► 3. Pert. 
ornanoe for any point on the speed torque z'c a from no load to 
booked rotor can be calculated using this etion in conjuction 
wi th Section 3. Saturation of the leakage 'lux iathc, and døOp  

• .bar affect ,La t aken Into a cou t .1  the formulas for al regions f 
• the speed torque orvo except the full load region cohere they can  

neglected, Therefore the formulas In this 5Ct1on have been 
grouped into sections uc r'ing to the region of the speed torque 
ourve being considered,  

General hems " (I)  trn (230)*► Calculate fc aU.,  cases, se► In 
i ii ,* the design procedure cony sto of following subsections, 

2.1,1. Rang* This includes per.nnit Values of power, cur `), 
Voltage and tmpedence, Its4E thru 	j 



2,1,2. Core Dimensions, This includes stator and rotor core imer-
stöia. Items (16) thr. (68)0  

2.1.3. Electrical, 	This includOC winding specifications, slot 
fuUnes, weight and resistance of stator winding. Items (66) thru 

(94). 

2, 1,4. Saturation. 	This includes flux per polO# carter cetftc 
tents, densities and saturation factor, Items (98) thru (335). 

Core Losses, Those losses are caiàulated for atittor core, 
teeth and surfaces at eo cycles, The total of. these is corrected 
for troquenc7. Items (336) thru (:145).,. 

8.1 	1uil Load Reactances. 'Abase are calculated on the basis of 
all leakage paths being unsaturated, Wept for the bridge of a 
closed clot rotor. Rotor bridge oonstoAt is calculated at an octimas 
ted value of full load current, Items (146) thru (384). 

2.1,1. Full wad secondary resistance (2)' items (286) thru (205), 
2.e1,$. No load losses *rO; road out, items (206) thm (2.17), 
21p1,9, Cost calculations, This is calculated to find the cost of Iron, 
Copper and aluminum consted. Items (23S) Wu (230). 

2. Full Load Performance Items (300) thru (339). Ct1ato for  
full load condition and also for all points in load performance at 
other load points, 

3 Locked Rotor. Items (400) thr (443). Ca14ulate for locked rotor 
eon di tion. 

4. Breakdown Torque** items (0) thru, (SoD). Calculate for maximum 
torque region* 

L 	 U: '-J- 



so Speed Torquaø. Items (600) thru t+ ) Ca3cnlate w ewwor a 
complete speed tome curve is de red, 

6, fl1.f 'Voltage looked Rotor » Ztoms ( ) t'hru (7Ol)«► Calculate 
to obtain locked rotor data at half voltages 

In dition to machine dimension and winding datog  certain data from 
the rotor and stator punchinga are required before the cla loations 

of this section Cori b porti$rnted. Section 6i4, provides 	c ure for 
the required ator and rotor aching Calculations, , 

This *Basle Design Caloiltions for Po 'p  so Motors" pr000dat 

mice to only apple cable to Induction Motors having: 

A given frame size with partially closed st.stor slots, 
(ii) ,single Cage rotor having oloiied lots 

(iii) ►und ' stranded wtresin Stator winding, 
(iv) No rotor or stator ducts as there is no natural cooling 

problems. 
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pan ' E' 8IGN C 	ATION$ S 'O 	SE 'MOTQO 
SThBOL 

All dimensions 2n inches,  
`r a (Code nber to be given) 

2 	Borsepover. 
Wolfs, Line# 

	

r 	Phases, amber of  
6 	Frequency  
6 	P 	Poles, umber of  
7 N1 	s ono s HMO, Ni VVP 	() Ce) 

Fu1l-load RPM 
Duty 

20 	8teel Pnnchtng Code. For Code giber refer Item (142) 
°C tje, rated,  

P1U. BASE 

12 V For 3 phase motor 	el.tber 

or 	line r 	(3) 
For 2 phase motors 4 line volts 

13 P Base power 	$ HP a *740 	' (2)x.746 
Base 

mir 	(10 (4 
15 -' -pu Base ebme 

2,1« 2.. C 	DIMENSIONS 
Stator Core Dtmenaone. 

16 D Stator Punching O.D.  
1? DI 0AP oa. 	et 	. 



ti 

18 Gross core length 

29 Val 	Radial duets, number of 
20 vj 	Radial duct width 
21 LI 	Not core length  leaoth'% 0  Lgi Nd]. W41 (28)41) (20) 
22 k1 	St*tor stacking factor 493 for Xnsuione Varr48h) 

23 Not tront  stator = kd L1 	(22) (21) 

.94 61 Number of etator slot. From stator punching ca].o 
culation sheet Item () 

28 Type of Slots 
26 62, OveraU slot, depth., stator* From stator *ale. 

shoat 	Item (4). 
2? v, Slot opening, stator* From stator cola, sheet, 

item (8) 
28 A . Slot pitch*  stator, From stator cole. sheets 

Item (25) 
29 t30  Tooth faces  stator, From stator calc.sheet,Xtem(iG) 
so t1. Etf.cttive tooth vidth, stator (width 	3 from min 

imitn ), From stator oalc,sheot, Item 	19) 
32 Etfoøtie tooth length 	stator.. From stator cab. 

sheet (Item 20) 
32 4tyl. Eftoct:v a 70ke depth, stator. From stator oslo. 

sheet, Item (21). 
33 .  Net slot 	riding areas  stator From stator Cal C. 

Sheet, Item (31) 
34 .Permtsile 	01 90 atator1  From, stator osle, sheets 

Item 132TO  
35 K1 Stator slot constant,air portion, Prom stator 

Item (36).. oelc.cbeet 
36 K81w  Stator slot constant winding portion, From stator 

Oslo. sheet, Item (3) 
__l 

"TOR C0B 
37 D2 Rotor 0.1). From rotor punching coles sheet, item(i) 
tItL.r1 M. P,'J 	 ..T.TIL1U,.1 	. L. ,. 	. 	1JLL%rJr- j'IJ . 



1. 

38 £fleottvo I .D e j rotor, From rotor per. 04c.sheet, 
item (2) 

39 r *rose core iengtb, rotor,  
40 N, Rsdiai ducts, nwnber of 

' 42 a61,al duota, 4dth 

42 L2 Not core laths rotor a 2* g 	6 W42  

43 k Rotor stackingctor  

44 Net iron, rotor *k2 ,. 	(4) ((4 2) 
 

45 O2 Now of rotor si9ts. Prom rotorh8 	+ sheet, 
Item (3) 

45 Type of 	slots 

4? Skew In percert of rotor slat pitch- (M for 	 .l 
practical de .  o) 

4 4,2 Overall slot dept 	rotor (bar depth) From rotor pcbg, 
Caic, sheets Item 	4) . 

49 jj2 , 4dth at tops rotor. ~ 	rotor p 	s C 	c. 	het, 
Slot 	• 

A 	Slot pitch, rotor Vrc rotor pchg. CaIC.. sheets item(U) 
Effective tooth widths rotor (j4dth 3 from mth. 
sec o) From rotor pc g* Ode. shoot item (2).  

 Zfeot1ife Wit; length* From for pry►$. Cajo,abeet 
Item (2) 

63 	Yoked 	► of 	1r g# rotor# From rotor pc hg Cab,  s 
eo o t (22). 

Shaft material Whottier magnetic or 	..magnetic. 
65 	Effectjvø yoke depth of shaft,. 

► 0." (6l) (38)1(6)2 for 

0 for  shaft t of non.megnetie mate . 
56 dyg Effective yoke depth* rotor 

yoke apth of punching + role depth of shaft 
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No2v Rotor clot conBt 	^ 	riding portion,► 	'r 	rotor 

68 +fib Deptho 	bridge , 	n 	a, 	o 	d. clots onl , From 
 pchg„ Cab. sheet,, Item (6) 

o) 	
`. clot mouth# 	m rotor t+c 	C 	.c, sheet, 

p 
60 Rotor slot area, From rotor pctg.Caic, eieet, Ztem(28) 
61 IOU Rotor slot constant 	air portion. From 	+ rotor 	g, 

Cab, meet,, Item C2B3} 
62 va ot width t 	b~ t' m of slot, 	'rom rotor pc g Cato 

63 g Airgap, actual#. In+ 	o f 	». 	a f 

C( 	()1 
A p Polo pf ,A p a T 	- g ) 	-G) * si 1 (6) 

65 L 	Axial b+ 	1a of a gap* 

66 ire per coil a$ actual  
67 	Bare diameters No. 1t inches.. 
68 	Strand per rnduc o s No* 
Ga 	Bare diameter,  No.2, inches 
70 	Strom per conductors . ,2,  
7]. 	Diameter over insulation, No.1.
72 	Diameter Diameter over •i * ation, ' ö,2, 
73 	Total 	 C(+)( 	` + (7(fl)2 3. 

74 	Percent loss (tot]. ND) x 200/not windingarea 
0 300 (73)1(33) 

75  



14.  
- 	 .. 	.t 

77 	tYpe of ccnections (Delta, Star.3 phase or - 	 pbase, 

78 q 	Nof, of parallel circuits, 
19 	Coil sides lie in slots i and 

8] 	Equiv, C .M.i']OOO per crnductor, equtvaent ! sin* gle circuit basis, 
U vinding is actually ! connected 

*tual C,M* per conductor x no, of 'parallel 
ci rcuL t, 
('PG) %(78) 

If vincling to actually t connected 
Actual. C aM per conductor z no of parallel 
circuits xfl 

!* (78) x (78) xfl 
For 2thase motors this Item is equiv. C.M./1000 
per coniiuctoi', sin4e circuit basis 	kctual C aM# 
per conductor z no,of parallel circuits 

(76) z (78) 82c a1ont turns per coil, o4uivaient Z single 
rcuit basis 

If winding is actually Y connected 
AQtUSl turns per coil/no, of parallel circu. I 
(66/ (78) 

It vinding is actually 2 connect&d 
Actual turns per coil /,/S no, of parallel. circuits 
(66)/ :;* (78) 

1or 2.phsaü motors, this Item is equiv. turns per 
coil, single circuit basis actual turns per coil/ 
no,of parallel circuits, 
'Pan 	 1) +d)ffz, erunitooj.pith ou 	 dimensions 	. _ 	 . .. •1.LfU 



1 	This to ' a e ratio 4 Length of Us slanting poa Ion 

PuU 
ee rii 

dimension  
Kj for 1intnP.3m coil bead clearance 

NJ` sse 
coil olearaae + aag slot width 

slot insertion 

b Space aVailable for 
4011 

.Reno* K1 

85 K2 	Straight portion of coil toad In inches, 
For large Moro Kn 	.s '+ goo 

	

'c ar sma l motors K2 	1.23 1. 

86 	Pin diameter (usua11t equal to :A" for formed 
coil$ off`) 

87 	,9 	Knuckle length (formed 00110 	,) 
K3l.57tpthdia,+1 d) 

t (80) + 	( ] 

as 88 MWMesa length of a conductor 

	

Pull dimension 	straight lend 
• e length + Lg, 

89 C 	series conductors per phase 
V., turns ax' OGG , 



ID 
90 	Copper McLgb po e 

CM/10U0 per conductor4 
0.278x1?`"" x C89) ( ) (4) C81 

* , cold Primary resistance per phase, ohms at 
0.881  z 	 z C x MW/eQuivalent CH/1000 per 

92 	Average temp. oP primary vinding, when hots  dog, c+ 
98 r1 	?z'iimu resistance per phase, per unit a s t 

Pu 	 hot 	 t 

94 r1pu Effective pricy resistance per phase, per unit 
chins $ hot 

	

p= constant z r1hot pu c s 	(9 5) 

This constant Includes a.ow ce tor stray loo4 
loss in primary due to vari u freq40nc1e . 

Fjx per Pales 
95 * 	Phase be.t ale, In electrical degrees 

• +pt In 2.phaao machines whore 't 

96 R 	Coil per group, actual 

97 	Iaerator of Item + 9 ) 
98 4 Distributiontatti' 

a s 	 (96) $ 

99 	Pitch factor 
0 ,1a (Coil pig . 900) a Si C 
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I1 	Winding factor k4 lCd k ' (98) (90) 

WI Ck,, EUocttedu rries  per phase 

102 	tIux per pole, idloitnee 

—- 

104 	Value o f v jp (c + W3j y 	' [lea) + ( ] 

105 C1  Certer, stator slots 

106 C.2  Cramp rotor loo: Fr closed eIOtci,02  

107 C 	Carter, st ator ducts, For no stator duct C.j' 	I 
208 C 	Carter, rotor ducts  for no rotor duct Cg 	I 

DNS1TISS AND sATU1ATiOK: 

109 y1 Stat or 	 - area m 	, Li 	q 	..n 	es 	2(23) (32) 
110 AtI Stator* teat gyres 	' k 	L 	83 	1 	' aqo 	he 

112 A Rotor *ire area 	2k2 	.4y;  sq. in 	os =2 (43) (65) (6$) 
122 At2 Rotor teeto1 area 	k 	L2 5 	t/L 	incha 

(43) (66( )( )fG 
123 Ag  Air gap as A pL 
114 Primmer tluz constant . 	AqS 	.e Value 	r 

116 	1  Stator core denattV, kiloLtnos per sq,inth 

1. tar tore area 	(109) 



AN NO 

13.0 Bti 	Stator tet deiaLty, J41o3.inoo per sqoindh  

B a U stator teeWt area 

11? B12 	Rotor core density#  kiloUnos per eq,incb 

Rotor teeth dnatt, kiloUnes per aq,inob 

rotor tesif area 	ç12) 

Air gap density, kilolines per sq4nth. 
KA 	 Bg a 

r gap area 	 (1303) 

Avint stator core density trorn item (115) 

AT/in,etaor tooVa.Donsity try item (13.8) 

AT/in, retor toe.4, Density from Item (U?) 

4T/tn, rotor teeth. Denølty from item (118) 

a3 Stator core Ion tb * 	ZL 
p 

 

 

Stator teeth ' Effective teeth 3.ongth 
stator 	(33.) 

126 	Rotor core length vs 10671  (Db + !OkQ dOpth Of 

L 671 

tur j* -*rlu*T1 	 Trt 

127 	Rotor teeth length Effective tooth length, 
rotor 	(52) 
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Th1*. 	L. 1r 	 L 	JLflLU*.4 	UUW1, Jit._*LJ1 

1 	g 	Effective air gap length  g 	*01 02 0d] 

(63) (205) (306) (207) (208) 

129 	Stator core AT Win, stator core z stator core 
length 

(120 

130 

 

stator tooth AV Astator tooth x stator 
teeth length 
(121) (125) 

131 	Rotor core AT 	AT/in rotor core x rotor tore 

132 	Rotor tooth AT 	AT/tn, rotor teeth x rotor teeth 
ientb 

U (l2) (121) 
• 123 	Air sap AT,, 	323 z Bg x effective air gap 

length  
323 z (119) (328) 

13 	Total AT per pole • (329) + (120)+  

185 Iç3f 	Saturation factor 	 * C4)Alk

2. 1..0, CORE LOSSB 
136 	stator core volume a stator core area x stator core 

lengthzP 
(209) (194) (6) •cu.ix., 

.137 	Stator tooth volume a stator teeth area x stator'  
teeth .ength x P 

(110) (125) ((;) cu4n. 
im 

	

e 	Stator core, wattet.n3  at 60 c. Deneit7 froz ttom(i15) 
,j;j kg* 2o 2*  S11  teeth, vatt/1 3  at 60 o. Density from item 

140 	Stator core 0  604ocro,  des In kw 4  stator core volume 
x watta /tr3 	(136) (138) /2000 

11 	Stator teeth, 69. OY. bee in kWL a stator teeth volume 
x watt s/try 	(137) (13) /3000 
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142 	Surface lose at .60 oy, in kw 

KMF (~141t c~La} l6 
 

3083 	26 Ia. Electrical 	4343 
:.83 	at ga. X4o•tor 	4345 
4.30 	94 ga. Nona.Uicon 	4374 

U3 	Total 60..c. loaaee in k ' 140) + (141).(342) 

344 	Frequency correction tctor 0.a(-)  + +C. t,__..* 

.a ' 	+ 06g 

346 	Ce 1o0s, total Total 	070100 a frequency' 
correction factor In kw 	( .) (144) 

Per wit . 0 skew in rotor slot pitch /20062 
(47) (6) /1Q 

C 	'or per unit skew up to 0.50 (error within %) 
C 	= 

 
0.411x  per unit skw2  
0,411 

F" r per unit skew greater than O,5 use 
C 

`" Zkew  

347) 
149' C 	uk 	1 (1C) 

150 Pr 	Magnetteing parearzce Pn 	0,3234 z 	z C 
r gap long tbx 



rrWrW*1* WPOIN 1"0,100 - Ow ---j - 	— t--.a 	irr Ow 

U1 Op 	Pitch corroction tor. vi-ot zatwa 
See Vigo  241 Rofer to Item (80) for pttch 

Rater wt to Item (95) for phaso-belt 
angle. 

182 	Moffte(1 stator slot ortmt 	portion
Ksu Op 	= (353 '(151) 

IM 	Modified stator slot oonstants, vinding portion 
s1w (0.25 + 0,76 op) 

(36)0.28+0.?8(UM 
VA 	Modified stator slot conStantt total = (1)+(153) 
15$ 	Stator slot  factor, 3039 z Lj x ModUied stator slot 

utITJ,. 

( 

158 
A /2 * (5)1(48) 

150 

 

A 3/61 A2/82 
150 	2 C, C2 ! 2 (108) (100) 

ISO 	 C 	c ;x 1110-511 .1.  91 ...004111091.00 
21 
At 

161 net. 	+ 	 __ 

162 	0.538 L/041' Cd8 0  0.ssa (65)/(10?)(108) 
183 	Stato* ilg, rag factor 	(161) (182) 
104 	Stator akoti factor C 1 COO WCsk(148)U6o)/(149) 
166 	. 	Stator end cons 	Bee Fig. 2,4. Refer Item (64) 

for pole pitch. and Item (80) for Coil pitch. 
166 LOX  
167 L2 	1a,2M.C'sZ 	(88)(1) 
16 	Modifted stator end c(*staflt (US) 

(lea) 

fl1i r 1.UL 	 '-.. 	 t 	rnu' 	TI1.J. 	 . TL. rm 	ut 'IL 	L*UJ1 



m 

169 Btator end factor 0 modifted statorconsti n 

171 Total stator leakage factor 0 + 	) + 	I 	) 
+ 

j7]. Est* 	♦ 	~3 - .'" 

tdI2JftI4) 217) 
172 

Ila 	k !2 estimated 1 09 z 	1' 	(In) 0,9 

114 	Fun load dbS4b + 	(C kJ 21 Z2 

Cs) 	(173) 

115 	ROtOr slot constant, Wage portion, fuU load 

3 	( 0,i ' 	-0.9 Vol 

], 	aa 
or (61 if slots are not closed.  

174 Rotor slot contat 	total* full load = (175)+(.51) 
o 

°Coy clot 	as o 
r 

178 Rotor zigzag factor 	stator zigzag faces =( 	) 
170 Rotor aiew factor a stator økøw' 	r 	C164) 

Total rotor leakage factor# full load. 
(117) + (178)+(l79) a rotor slot factor,. 
rotor zigzag factor + rotor skow factor, 

lob. 	Out _Magnetizing reactance a reactance constant x P M 
In (146) (150) 
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18u z1 	Primary leakage reactance a roaotiz 0e oonstantx  
' 	 = (146) (10) 

33 x9pu. 8ocOn ary leakage react : e 4 reactance constant x 
• (i6) ( 	) 

KP Primate flux motor 

Compare this with its 	( 	If this differs 
more than 	. , 0 , It 	(117) to hare should be 
eated, for accuracy, after substituting (384)for 
(1l4) 

LX 	 CAF 
385 Percent cored Uctiv ty of cage mater tel  

r 
uminum 

Seoondar7 aluminum 	22.7 	29,1 Dow ! 	 #0.40 	26.0 
Glidtng Bronze 	43.8  
. 	 10.4 
Rew%a y~ 	16vWvv. 	U.3 
Calculatione that follow are based on use of came  
materiel in both bars and end rings, 

186 Per unit resistance constant a 	# 	OO 

187 Bar øztniori8 	total for both ends 	measured 
(ueu0). ally, 	&h3r 

i 	
X439)

at 	b twee 	end rings 0 L 	+ bar 	ct+ ' 
lore 

189 

 

Bar area in square Inch 1* (6 0) for dLe.csct rotors. 
290 Ar Ring area in eq3n, (area of each ring) 
191 D0 Ring O.D. 

192 D j Ring 1,D 
193 • Aerage ring dtamøter 	 O 

1 	+ (► ) 



194 4 	D ,to r at rotor slot contras 'so D . 	(37)"(48) 

396 D 	Larger of (193) (or  

19? ~a 	600 	g, 2. f. 	from item ( 	'6) 	poles from it+ 	($) 

298 Bar orrootton for skew , ,u 	skew 	2 
For di e. caSt rotor ) 

 layi0=00 zthgc 

199 Bar vrrecticn for de d corners. 
If item (1 94) > item (193) this  it 	J. 
If Item (293) > Item (294), then 
Factor 	I + 	 ' . 

extol dish e 
betvean rings 

*1+ 3Z 
.  .3 x 	188) 

Note * ml$ COVZCfl on is' 

11 	I 
E5) triangle,   and that  the bar to a rectangular N In cross section.  

ozLal distance Correction Correction  200 	 s r 	between rings * for skew Zfor dead corner 

z 

p2 	bar factor + Pug factor = (200) + (2 01) 
203 .r2pu 8econdar ratetance  

Oh 	Q► 	ataU 	
. eo in .~  fo 

ie 
c+  	resistenco cont 	

cao4 

Aver 
► temperature of Se+corzda vin ding when 



Lj11L. 11 	r 	 jtr T 	 .L 1jrflrPurT 

208 	0 t tat  of * r2, cold 	P% 
... 	plus 

(3) 

206 P 0  

r 	 T1ff ON 

Pp 
PAO core 

- - 	1!JE1ILN 

1os (245) 

20? rpu"Sorted" core loss ro4stanca, obits per phase 

Z /f 

1111a , 
I + t481)/ (O6)] 

208 z1 ,pu "8ortse' magnattdng roactance per phase, ohms 

K 	QT 

1JflN. 

I + 	]) / (2oe) 2 

209 	Magnet2s1ng impednae, ohms per phase 
pow 

xv 

210 r 	Open oirmit reettance, ohms per phe 
+ 	• () 

811 	Open oircutt reactance, ohm per phase 
X] Z'M (3E2)(2O8) 

8]22 	Open circi4t Impedoneop  ohms per phase 

0 	 / (2O)2 + (211) 

233 20 No load cuxrent, =paros#  I * 
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214 	htotion and 4ndage 10034t syncironoue speed. 

PrtZ2r,no load *2r1/jØQojW. 
(4) (213)(93) (15)/1000 

216 No load kilowatts 	(M) 	(21) 	(234) 
211 N load, M 

POW" ' N5  

WAR92 MOW 
218 fl Costper1b.oZiofl. 
239 PM  Cost per lb. of copper* 
220 PAL (ost per lbo of abzidnum. 
231. Vii VeIit of stool n 	for stator 101-14ticnal  end for 

some number of rotor lits 
(D 	025)4 	. (CL) 	(8) + 

222 w12 W4gbt of stool need Zr those rotor laminations in 
excess of numb  numtor used in stator. 

0.28L"Lj I  ID1 	25.P1+4062a3 
* 0.28 	(42) 	(2,)3 	7) + 	Loa) +,05) 

223 WL Gross 	eLgt of 	ctiVe in 	 sea 
22i) a W11 	W12 

224 Cj Co$tof iron *PiWi 	*(218) (223) 

926 Cost of cóppor (stator) a (80) (219) 
226 Wt of rotor bare 0  ,o98I(i8G) 	(30)1+  (181) 1(45) 

This expression atnea aluminum barn, Xf a diftert 
material is us, substitute its density in lbs/in4' 
for 0098 in abve 	orala, 

227 Vr. Weight of rosistanoe rings excluding tan blades 
0.616 (193) (lao) 

998 w 
229 CAL t*Coeto 	aluminum 	 W 	CAL 	0  (228) (220) 

230 	 Total cost at active mat(9'i 
0 (4) + (95) +  

- 	JJ11fli. 	Ii *fiURl*LJi111 	J$* 	.i. .TL 	.. EW .JN1JLJ. TIITNI L,*J LSlI$ Lt Jv-JJ -1-i 



.$ 

ai mot 

303 IOU 
304 lam. 

308 

Soo 

330 

311 

32 

313 

314 

335 

ale 

317 

338 13. 

2 

Sup at £till load, 

Equivalent secon6 	real EnCe. 

Momsiv ent sn 3on a e~►ge reao~ce 
(303) bra (0~) aro calculated in 

Sectionn 3. 
Secondary carrent 
Primary rre n # 

emdar r Zr 1O3 in 
basin KW 

Stray load lose in ZW 

up 

Primarypv 1 003 In 

Coro 

 
loss n ;Wig; 

Total loses n 1W 
inputin 

Power factor 

.Pr . at fiAl.i*Ado 
Torque tull 1cad4 

Clrot ,a 	s; pere 
Primary current* 

Secondary current.  
E OP F1ThL LOAD P ' . AE 



400 	Eetimatod x 0 *2 + @ 	load (30)+(193) 

401 	Etiated XI, 	
4003 

402 	Estimated 19 VU 	► 	.95(401). 

403 	 ppen zigzag flux =148M 3( 11pu x 4gag- 
tactor 3 3 

*828 (4) 	 ) (14) (401) (103)* 
33 flux in ktloUne, 

404 	Effective rotor $lot opening 	If 
406 	S= of slot openings w ' t, olot opening 

(2?) + ( ) 

406 	LA 2 • 4OS)> 	.t () 	4o5J/ (•) 

40? L 1 t► (406) 'A 	C() (405 1 

409 	Apparent zigzag flux density  

420 	g9zai corrGCttorz tactor So tg,2.6d enaity from 

411 	Stator zigzag .factor (169) (410) 
432 	Mex.mum worki.ng density ** largest of Items (115) 

413 	Unbalanced air sap per unit 4MF due to ak.wtng. 
1u p f 1 

414 	Apparent rnaauni density due to akewtpg  
93 unbalnnced tom' x Kd.densttr(413X135)(422) 

435 	Skew correction tactorAee ttg,2.6 deny from C4: 



418 	Stator 	w factor (1 64) (415) 

• 17` ' Z 	Total stator leakage perieanco, locked 
stator slot facto 	stator end factor °stator  
2tgza factor + stator sir factor 

418

+0+(413)+ ) 

o•°l 	f 

19 V21 

1 	

, 	. (1?2) (402) ( ) 

Note: It (438) > 89'0, Dist (439) and  put (42D)90 

o•q 
439 'fib

vm.12z :\ 

490 	Rotor slot constant tridge portion 
13800 	 .° 	 0.1 

~~ 

0. 1 

L M 

421 	F:ic t,tIous bar depth * overallslot dept . 

8) jS 	LU Vero s #I 

422 	Deep bar correction tor reactance see . .g.2.?, bar dep troni (421) 
42 KR 	Deop bar correction for resistance .See fig,fl,?  bar depth from (421)  

424 K' 	frapezoia1 correction when (i) J` ( ) 

3 (493) 
_ ► 3) L V23 	 KR 'O l 	3) 

426 	Rotor slot -constant, wdg * o 4 ..KzK "(6`) (42 2) 
426 	Rotor slot constant, total = Rotor out coast 

bridge + rotor slot cwt) ! g, (4aD)+(426) 



427 	 r slot  factor 	 dam; 

428 " Z Thtal rotor leakage factor, looked rotor a Rotor 
dot factor rotor 	factor + rotor skew 
fact' * (4U) + (416) - (427) 

429 xj,pu Primary' leakage reactance . React.Co st zed 
(146) (417) 

XA., Secondary leakage reactance Reao . n 	? 
0 (e) (428) 

431 	Bar factor Corrected for deep bar = Bar fact x  
(200) (424) 	(6 0) As ( ) 

422 	Cage factor 0  Ring factcr + bar tao for = (201)+(431) 
433 V p, Resistance constant Cage factor ( 	(432) 

.00.4 
424 	Average cage temperature, Xooked # dog. ! 
436 	 25 	te. 1oc 

old 

l stab 	r 
	
e dg e . 

refer 	oA 3 Performance Calculations for  
squirrel Cage Polyiaee Induction Motors, 

436 Calculated in Bee#  
' l 1pu Calculated In Sea, 

438 Calculated in. Sec. 30  

430 T1 Looked rotor tone In 	Of full lad 
440 11 Calculated in Saco  3. 
441 Apparent looked rotor impedence 

442 Ha Apparent looked rotor resist 	ce, ohms, 
443 Za  Apparent looked rotor reactance, ohms, 

810 OF LOCID ROTOR CLct1LATXON 



Si t. 0.9$ Zp 	0.98 51 
Rapet caon (4 3 thn (443) * 	use 
1 	(5) in place of Z 	41)' 	 803) 

In piaOa of 1a (402). £1130 in i 	(4 1) use 
( 	) for 	 ►e value of 	slip s. Then 	a1u3.ete 

the 	iAtftg ttea3 by the Method ou 1i4 LA 
Se r;, 	using Item (501) s the *attmstd sUp at  
b 	o 	 as the slit) In item 	of torque 	' 	 (1) 
6*Cton 3. 

504 	Z Pu m~ )~al 	or eaturatim condition 
at breakdoi,n torque, 

506 	V,U Seconder rosiatanc. at treukdown ' 	down 	 forge, 
Item 	(435) recalculated at breakdown tome slip. 

6 Bownder 1eakie reaetwce at bre Oowzi torqu(* 
Item (430) recalculated far saturation conditions 
at breaWion torque. 

507 	i , Pr1i1 aaperoaat 	edcdovn tome calculated # 

508 RPM Speed at breakdown torque. Caculated in CIao. . 
509 Toro* in . of full . 1Caleulatein 60040 

MD 	 ` 	.r* 	DOWN 	EtQUEALCMA' `IM? 
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1► 	C4culate a point on the speed torque care for 
each of the foiloving values of ip .9, ,.7, Al •2:$ o it *06 

	

601 	Eat. 	Use the per unit value of primary caw 
rror.t, 11pU from previously calculated point on  
speed torque curve i.e. for s p 10  0 	g 9 use alas 
Of 	lk  fro 

Cu
m slip 	0 (locked rotor' ; for slip 

93  0.8 use value of I 	l 	C 	tc 
Repeat calculations (403) thru 	except 
US. Xispu(60) in place of 11T,  (401) O.ZId 12spu 
(602) in place of 	02), Also iti Item (421)  
use + ) for the vi1ue of slip. Then calculate  
the performance for each point on the speed torque 
curve by the method outlined in Section 3 using 
the s Up f'r item ( 0) as item (30 0) in Sec,,3. 

a 	 r'  

E etftiu tedL 

Calculate items (403) thru (438) eø pt Use 
1iLpu 3) in place of (401) aid Xa 
in place of (402) To ca1olate the l ked 
rotor torque and amperes, 

re81#6  
r to Soo*  3 except use per unit volts = 	instead 

1,0 as shown in Section 3, 



ry : 1 G 	AT)  sTI 	 .JV .. 
,~ 	fn, 

MOTOR  TEETH 
/6Gj. 

400 
ly0 { 

$$ 300 

env 

40 

EZ 	+ 

I a 

Fv.. 	.1. )) (PTA 



fo 

F/tiDe,,7S`fy_____ 

ço 

I 

/RQIV' LOSS CURVE 4T r 

26 ja. E 	tici 14343 	1.0 

2d ja, M:r 	 0,82 

4 	 ---- 



309 

r 1 -r#- 1 1 	/"/1 f% w w - - . w • . 	w. - r 	r .. w 	.. .._.. . 

z 
0 
r 
LLZ 

0 
U E.. 
I- 
0  
h 

0 
I 

O 

U 

Li- 

v 
t- 
0 

A4 

d 	-I 	2 	•4 	.5 	 10 	).~  

p L  P T. R _ _lid►  
C UIZVL 1 :- 	3 PHASE  60 PHASE /3ELT',  



LEAKAGE CONSTANT 

1.00 Pi 
pic 

6 	 .50 Pitc 

/ 

I, 	I 

U 	4 6 8 10 12 .14 16  
Pi tc 	at /y Gap 	nckes 
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tu 
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a41 
H 
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3.1, Eutv.alent Ct. ct's 
.. 

 
Oenor4 EquivalentI.rcui Soiut1on. 
3.2..1,., Pull Lost id Load Performance, 
3,2.2. Icckad vicar.. 
3.2.3. Breakdovn ' oque an6 Speed Torque Calculationa,  

3..3. Perfornianco Caeulatiorw. 

40 



This procedure is used to calculate the performance of a 
. polyphase Lndtion  motor  at any point ate; the speed torque curve 

from lacked rotor to no load The lculat ons are based on eq 
valent circuit basis. A diagram of the equ1valit circuit is shy 
In Figure 3.1. 	 . 

3,1. 	 cixipii1. 

In Fig, .3.1 is represented the oqutvalent curt upon ch 
the whole procedure to based, It is the exact equivalbt circuits  
The quantities wkiich appear in theequivalent Circuit are given 
below: 

1,1 - primary resistanCe per p :se..s  ThLs appears tares times 
on design sheet's 
a) rl cold, in actual ohms*  
b) rj hot in per..unit at temperature specified on Wit) 

This value is used for all stator Zr loss calcul. 

effective. This  is 1418 z r hot and is used in 
all ciroutt calculations of gents and 'torques. 

x 	Vrimm leakage reactance, in per-unit, ree values of 
this appear on design sheet, 

at tull.load conditions, 
b) at break doi torque., 
e) at looked rotor, 

-Ow 

 

70 loss rel tance! P•u•  tats resistance a .mutiates the 
total Iran losses. It appears on. det Shoat under 
Ono load," 



M! •,.. Apparent magnetizing reactance, In par unit. This is 
the equivalent series value of the actual magnetizing 
reactance, and appears In the noNload section of the 
output farm. The trze rnagnetizizig reactance iqç app" 
oars in the fuU.loed reactance part of the output 

-. This is the second y rOsietance referred to primarl, 
in per unit, Not and, cold values for the tullusload 

d t 	r given on the output forms  just above the 
4oad section It is also given)  hot and cold, in 

the locked..rotor section, taking into account deep, 
bar effect, 

a 	Secondary leakage reactance#  in per.-unit, Thiais item 
appears on the design sheet in three pla eo. 
a) at tuU4oad Corition,, 
b) at break.down torquo 
a0 at loc d..rotor.. 

+3* o GENERAL 	GLJ QpIVLENTC .tech' S%tY 'Ips 

Ibis section outline s the formulas requ ed in the solution 
of the equivalent cram t e1ter the rci4 t constants are knox. 
moo: appropriate value of 3Zp is 	 e + into item (1) depending 
upon bether a solution is desired for looked ratort  full load or 
Mbar point on the good torque curve, For full load or any load 
performance o4culaUons, an assumed value of slip is used and the 
calculations  carried out thru item (3 17), horse power output*  If 
this value is not the desired brad, a now assumption of slip should 
be made and the procedure repeated until the desired output 18 
obtained • Then the remaining Items ( 011) ' ra (3o28) can be 
calculated, 	 . 
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In the i'orrnuias v 4cb toUow symbols with tare over the! t.e 
des .ate sector quantities# and symbols 41ut baxs, i.e. X, 

designate  scsl . quantt . e . The voltage V I t the per unit pba e 
volt #, i. e., .rated phase voltage, V $* 1.0,E 

item goo 8 ' al 	G•nersl 13cutvalent Cruet 8olution  

3.2 dAZp1"I. riot  

3. 

3,4 + . 

3.5  1 

.6  

3,7 
.i+ 	 1 ' 2 + 	Z* 

ae 1 pu Sóalar ValuO Of"4 

3.0 T _ 	~rr~wrw~+ 	r+~iryryr►~ 

; 	* 1 Scar v lue of 	;M 

". 	 3econdar i2, 3.OB5p  

30' 	'& 
Pu 

3,13 	 B.L. s 	 w M .$ _ww► 

0 



(AtI
ON i  - 

304 	$ecora17 1flpitp  

3,25 	Output 	gecond%7 Input CF&W + 4   2 )  

3.16 	Stray load loss output z $.L# lose PA 

3.3.? 	H.P. 	output pu z Rated EP 

3.3.8  

3.19 	Scalar value Of 

Pri. i2  loso3. r1hot 

3.21 	Core lo5$pu fs Xj21 c 

3.22 	Total lOS$I$pu  PAW + 3o0.1 + 6.L3o5 +j 
+ core loss. 

3,83 	Znut 1.12 12, + I.Or. + see.bput 

31624 	Efticircy 

3.26 

 

?*w& factor  

.28 St., 	pull1*ad WN 	no 
3021 	Torque, f'U load 7040 	 ft, ibe. 

ROTO 

3*'29

ft  
Equiv, C,M. 3• 	C 	Circular mi1s/*rrere 	 ' -—' 

T 	Locked rotor torque In % of full to 
1OOZ22 pu V,9 X - — — - - 	- - - - - 

-r - 	in- i UU nn-ruii - i$ 	-*r -1-,1 --i Dill ff1i-0n -L  



3430 IPM  

3,31 	$ecndary 1 v loss, : 1 

3.3 

 

SAO loses 	.L. low 

3,34 	Seconder LnpU 19 12  

3,38 	Output Becondar ' input o» 

3.3.T 	Torque 	of 	 load 100 z output., , 

3.3? 1 	12pk* x (Base p ) 

3.38 11 	IVUx 	p 

. 	O. C CAI T u 

The perorn3arce caculations for pclybaøe  inductIon motors 
is MOO at 
(I) FUU"lo o 
(ii) Locked.rotor 
(tu, BreakdownTorque, 

The first trial va1ie of slip Is meted from the 
Input rpm give, Than# the output is date at  this .slip* U thø 
calculated on t * ftors ftom rated by more thGn .05%, a'ncv  
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rn 

slip is calculated on the assumption that output is proportional 
to eUp. Output is calculated with the now slip ard compared 
with rated output; U the difference is more than 0.20f  a 
third value or sip Is calculated and output calculated end 
cbecked to within 0.l5; the tolerance limit is thus ratted slig-
btiI on each try  until fiaallr a calculated output Is so close to 
rated output as possible. Then the items,  in the 'tuU4oad Section" 
are computed and stored* Losses are Calculated as toUowel 

P&W, This ts(I&WatsrOui speed )Z(Us) 

Stray toad toes is calculated as a aat percentage of output* 
see 12B is 	Cr2 to calculated at 1U.toa4 temperature.) 

Pri Z%  is aX12Tj (r  is calculated at tull4oa temperature) 
Core loss Is the loss calculated in r. This amounts to assuming 
that core loss is proportional to the square of the atrgap flux*  

,olt. Rotor resistance is calculated, taking into account 
deep-bar effects in aingie..oage machines. The correction for rea 
tance is taken from rig. 2,7 SeCtion 2. Basto deep.bar correction 
for risistence is made from an empirical curve that gives about 

more correction for bare? or,  more' deep than does the old cu. 
rye on Fig* 2.7. in addition, for all dteøcaet rotors, a trapezolw 
dul correction is applied to the deep bar effect; this correction 
reduces the deep bar effect if tb.e rotor "slot width1  top" is grew 
ater then' the "slot width, bttom1 "and increases it if the 
on1vez'se is true. There Is no trapezoidal correction it slot sides 

are parallel. 

After computing the rotor resistance, and the corrected slot 
óonøtant, the lockd.rotor ourrt is first epprozimata4 from the 



4?,  

tt4]4oad renotences. This approximate gent is used to calci4ate 
the • saturated reactances and the locked.rotor current I $ again 
computed, If the new current differs from the first appro4mation  
of srren t by more'  than 6%, the reactances are refigured using the 
current 3ust. calculated, 2!4S process  to repeated until the act 
used for calculating reactance to witl4n 	of the final calculated  

!cam 	or current, 'the, factors used In this final calculation  
are toned ond appear on the output thoet, 

The "a p 	t locked rotor 'resistance,. reactance, end Impedance.'" 
are in absolute ohms and represent total motor Impedance*  Loci.. 
rotor power faces can be calculated 	dividing resistance 
impedance 

Locksd'rotor torque is gassed .n percent of full load tot'. 
quo, based pcn calculated All.load rpm, 

iS ► The procedure calculatoø bxeokdOwflcalculate 	torque by  
evaluation of the equivalent circuit, First, the fuU.load and 
oc d'+. o r reactance s an averaged  and this average is sed to 

calculate the slip, and rpm at 'bretkdov. torque.. Reactances are 
calculated at some value of current within 	of the actual current 
at breakdown, by an iterative procedure as desired for looked.rotor 
torque. Develop d torque in calcu3Mod from the equivalent circuit  
Using tb+ value of roactancos just calculated,  as well as at 
new values Of rotor roetstance,, with d.ecp bar effect adjusted to 
the actual slip at breakdown torque. le*, the torque I,equired to 
overcie friction end vindage also Otray« oad losses#  is . bt 
etod to obtain not breakdown torque. Resultant brew .own torque 
is O i eaSed 80 A. percent of fu: load torques where tull..load 



48 
t yr a Is balled upon rated horsepower nd calculated Atll4oad rpm 

Item nwnbere from section 2 for the various ctrcuit constants 
required in the "Gonerti1, Equivalentt CirGuit 	utLc " are given 
In the tat a below under V Znput Date" • The data resulting  from the 

General Equivalent Circuit SolutIon Bch are required for use In 
Section 2 are Listed by item under "output data" 1. This section Is 
used in conjuction4th section 2 hioh calculates the equivalent 
circuit constants, the below table gives mss references item 
numbers of Section 2. 

Section 2 	 Seø& 

Item. No. Symbol 	Full load and lotted &)t Brookdovn  
load porters. 	 Toque aM 

C C atLon3 
t, 

3«  ] 	•8 	(300) A 	", n... •, 	0t,) ors p 
to give full load 	 for speed tor. 
output. 	 que cola. 

3.2 ( ) ",(282) 	( +t29 ( )+ (  

, 	 207)43 (208) 	(20fl (" ) 	? + 3(208 

*4 	 (2) 	(438) + (430) 	+, (i3$) 

12pu (206) (43) 	(805) 

3.6 xpu (383) (4X) 	(806) 

3,8 X2pu. (303) (438) 

30 (437) 

3.10 12pu ! ) 	 • 



4.9 

(305)aSec,12r In  
(6.11)x(13) 

in 
)xO 

340 (3O?).L4oueos in 
Kw 

3,1  ( 	) HP output 
(3,17)z(13) 

3w + 309) Pr3 I 	in KW 
'Z1 

 
(320)x(13) 

(83O)Core loss In 'W 

3, 	(3U) Totem. losses in 
(3, 2) ( ) 

3.23 (322)Xnput In 

,25 ( 	 )a Power factor 
#go Xf1  (315)BPZ4 at PA 
q  

3:28 (31?)irca.: is/amp  
3, (439) 
3,30 
3,36  

3. 	29 
3,38 	12, (310) 

( ) r ein 
of ?.L. 

( ) 



r4 

Q 

Z. 

o 
2 

0 
z 

0 
U- 



4 . General 
4.],], Rating 
442. Rotor, 
4.1.3. WiMiag.  
4. 2 ,4* Core pi c g , 
4.1.8. Location of Coils Lu Slots. 
44.6, Winding Re4atcco and Copper  rwe ght, 
4•  ?. at ''ation, 
4.z .a. Core Losses& 
4, . Pull Load RaaotaflCø, 

• ► 	Loa. Rotor Resistance, 
4,]4Z.Uackward Field Rotor Resistance, 

,,2. No Lo d+ Per`or!ince, 
4.3. uU Load Fe tornances. 
.4. 	.c ul.ation of Rotor Re . 	ee at any i p€ ► 

4.6.Locked Rotor, 
" ►#6s. Rotor leakage Reactance at a ' current 

and slip. 
4.8.2. Looked Rotor Ca]culatjns. 

4.6. Break down TOO 
4,?.' $4ti operating$4t 	Spot 
4, 8, Evaluation of Capacitance of Co enee . 

51 

fl 



1r T&T1 

4, B18tC DE8aN.RFjDUE$XNGXI, PH48 	T 	t' t 

This procedure  outlines the formulas and procedures to 
evaluate the equivalent circuit cstants necessary to calculate  
the performance of a single phase induction motor. with magnetic 
circuit dimensions and w ndIng knot,* ' hIs section serves the 
same purpose for single phase rotors that Section 8 does for 
polyphase motors.Pour types of motors are covered, 

(I) Capacitor Start 
(U) o "halve*  
(1l1)Peioent Sp1it 

(v)Split phase., 

Procedures  and formulas. for calculating performance, using 
the equivalent +buts  are given in Section 8. Stator and rotor 
punching$ are calculated as shown in Section S. Performance a for 
any point On the speed torque Grp from load to looked can be 
calculated using this Se lo: in conjunction with Section S. The 
fagot In this section have been also grouped into section acc-
ording to the region cat the speed 'torque eve as in Section 2, 



pe of motor (1) Capacitor start 
(_) 1w6 value 

Permanent spl t 
4) Split phase# 

'' 	Prating  

main pbaae volts 

4 Va  Mix. phase Volts* 

I Fr*quen 	. 
Poles. 

7  Full load BPM, 	ttm%t at 

8 Goo 	row 

9. Shaft matezi 
10, Motor 	 temperature)  hot O 

c 	utivit7.  
Bar area 

extansiono 
14 A ► RI 	area. 
Is V0 Ringo 
16 DI Ring X,D, 

17 Skews  % rotor Blots*  
18 % str 	load loss, estimated. 

W at smapxt  tatty, 



Outer nost Cot 	(teeth) 

2 'C 	I outer most co l 

22 Z02 

23 Cr 	3 

24 4 

25 a 

26 

21 TPC 	7 

C 

99 S° rs/cnduetor, 

30 Dt a. bare. 

31 a, over ineultatton.  

4"8 	w1► ~w 	► 	r 	*!w 	r  wr 	 — wr► 

Aux, Winding.  
" Outer moet tofl span (teeth)  

ter most coil. 
`C 

36 C 

3?  • C 



41 	D Bare, 

42 	DM , over Insulation* 

4 4.a. 	No. of ,r tø. 

44 	Starting MM 

4 	Running IMPD 

Stator Cote aching, 
46 1) .Outeid d*a. stator cajc.shoet item 

4? D3 	Gap thatatator col** shoat Item ( 

48 	?ype of slots# 

49 	 No.ot slots stator  shoot I 

50 4,,1 	Slot depth stator sheet .Item (4) 

1 Slot opening atator sheet item 8) 

52 A1 'slot pitch 	tator sheet it 

63 t 	1ooth tace Stator Shoot ftom (16) 

fecU ve ooth 4dthstator shoot atom (is) 

f 1e. Effective tooth length eta for + of Item 

56dyx EffectIve yoke depth stator shoot item (21)  



11r 	L 1 	I - 	 -;U- i -m _i.' 	rL -u 	urr tI :FT.- iu 	r.. JIui*tLt 	-J.-itl 

TPC 

4$ 	Strand/conduotor 
L11, 	 tLL ;flTThi.f.l L 

41 	Dia. Bare. 

42 	Ma, over insulation. 

43 qa 	No. of droultso 

44 

 

Starting MED 

46 	Rum$ ng )WD 

4 14 
Stator Core Punching. 

4 6  D 	OUtsidt dia6 stator oa3.o.aheot item (1) 

47 D1 	Gap dia, etator ceicv  sheet item (2) 

48 	Type of 1ots, 

49 Si 	No,ot slots stator shoot item (3) 

OD 62. 	Slot depth stator shoot item (4) 
51 W10 
	Slot opening stator sheet Item (a.) 

$2 	1 	Slot pitch stator theet itft () 

63 t10 	Tooth faca stator sheet item (16) 

S4 t3. 	Rtfeotivs tooth vj:.h  stator shoot itoni (i 

58 dj e, Effective tooth length stator zest Item (so) 

56 	Eectiø yoke depth stator sheet Item (23) 



. .1 	Net slot vind trig area etator -nheot item (31)  

Permiesible.W2, 

:e; , Slot Mart eir stator shoot Item 36) 

	

4 	Slot eonatant vindtng. stator sheet it i (3 3) 

- ...rrr • 	. ' wwo 	Mw4* "w'* r 	1! MONO* +AIM Ow * - 	"WAN* 	u ■(.Mtr 	i , 

qrqz 
D2 Outside ilia, Rotor *"0* shoot Item (1)  
DbEtecttvo Wilde ilia. Rotor sheet(2)  

	

82 	NO. . f s1 +t o :Rotor oioet Ltom 

TOO of Slots. 

	

42, 	Bar, depth. Rotor abet Item 

Vol $lot vd , top. Rotorsheo item ( ) 
slot pitch. Rotor oet item (U) 

	

iw2D 	Slot opening. Rotor Sheet Item ( ) 
' Etteottve tooth width, Rotor sheet item ( ) 

1ftoottve tooth lath. Rotor Boot item ) 

YOke . tb pimchin. Rotor sheet item (22) 

slot Constant$  wtndiig Rotor eot Item (23) 

Bride thickness. Rotor shoot Item L 

Depths slot  ixuth.Rotor shoot item 7) 

Slot areas  top. Rotor 8boet item(26)  
to" Slot covet t, air, Rotor shoot item ( ) 

Slot l 	both* Rot** 'sheet item (0) 

Base Volta 	( ) 
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79 V 	Ate, phaSO volts 	V 	(4)1 (3) 

PpU 

 

Base Or 	x ? 6 12  O 746 

81 1pu 	Bass aa 1p J'T = 	3 M(° ) 

82 -a-pu 	Baee ohms a f, q ' 	` 8) 

84 Ks 	Staold.ng factor (0.93 for Ineulene Vn.. ►) 
• 

85 Liq 	Nat iron K 4  ( ) (8) 

86 g 	Air gap'  actu .$ inches. g I'. E øt D  

A 	Pole pit . Ap * It 	/ 	C ` . 	1 

it a 	 f . . 	' 	i 	K 	a i _ 

case 	tv 	T ( ) 	T (33) 	Sp t 

Z Even 
11 Even 
III Odd 

Ox 	4 	None 
a p 	Both 
m p 	Ate. 

 

81ot to be considered S/ 	` (88)/2  
slot 1o.1 watt a VC 

No .2 contains " C2,eta, 
No. (8 " ) contain 1PC + 
main vdg, in tame slot 



S., 
s. 2 •t 

	

1O. -MA ; or a 0 	2e, + manwdg 

Slots to be ctr dered (6 I2V + I)* 

Slot No, I Mains 
Slot Nc2 contains Mete 

No. {.($ 	+ 1).13 contains TPC2a  + main wdg, in same slot s  U aq,otc 
se X. A 	fit` 

Slots to be con .dered (8 / P .5 LW)/. 3 
$lot No.. contains 	1 

No,2 contains PC,eto, 
NO (B /p + .5) contains .ns Tom: U + mom. 
gig,, in same Slot i f any, 
No, Si/2p 	+ .6) 1) contains 	2a  
241A wig, in same slot, if ani,ote. 

Slots to be c onside ed 	c8 /2p + *, 
+ 

Slot INo.1 oont i s 2TPC 1, 
No.2 vontaino TPC2, etc* 
No, (8,]/' + .6) 4ontajn 'te a  + ttUliii Wl j .. in same slot; if any. 
No. 46:3/9P + 5) 4 contains ' 4  + main wdg. in sage 	any , o o„ 

36 slots#  6 poles 
main vdg, coils per polo, i a  0 
Aux* vdg. a 2 00110 per polo, ¶j 	6 

Calculations a2/P '2  36/6 *6 and is evert 

. Exnple in case U.. Both coils split. 
Using rules for Case XX 

Slots to be considered + S/ + 1) 4 
Slot No,1 contains 2TPC1 
Slot No.2 oontajns TPC 

Uó3 cont ai.n TPC + ' C2& • 
`o.:4 contains 2 
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Sits 12 34 6 6 789 10 

Main 

• Case nt*nbor,.sclacted  

90 $lots to be ccnniderad.  

91 $lo No .1 	contains 

9. Slot No.2 containe, 

3 Shot No.3 Contains. 

94 Slot No, 	cQnso 

95 Slot No,5 convene 	. 	 . 	

. 

g+ Slot to6 contains4 

97 Slot o.? contains*  

8 	Clot No.8  contains.  

99 	Slot No ,9 cunt no,, 

100 	Slot No.10 cntain, 

.16 WINDING  ESI8TA 	.ND COPPER WEIR M.XN 
WINDING 

"Pg Factor ivoTAa F 

a: as cusa> ios 116 133 
4.23 103 210 I17 I2$ 134 
4 94 .144 111 128 128 138 



r 

LI M 

301 TPP trun per polo,, . 	? ?otai of 

---- 

items (24) to ( 	) 

Sob 22 C2  Coll span, T2 1 	= ( 	)s2. 

103 ,A.3 T?3 coil pa1# T3 ( 	) '. 

3.04 T4  WC4 coil span T4 ( 0 

1,06 T5 	TPC8 coil span T's 99(20) . 

6 T6 	2PC6 coil span TT = ( ** ? 

107 T7 	TPC7col span ? ' (20).12 

108 to 	pitch factor 8Xn 	9QO 	Sia ( 	0) L 

128 
to 	Effective turns per coil a TPC z pitch factor N 
121 
122 TI'?O  Effective r per pole* TEP, = TotQ1 of items 

' ) to (391) 
123 	2 (no. of main wd.g. coils) 

324 	(IM) 

196 	(123).6 

(123)..,  

(123).]O 

129 	(123)12 

130 	Actual. CM per Con(luc' / 00 ' 	(29) ( ) 	x 3  
131 	Total D2  X 36 ' (29)+ 30 	Z 10 



132 	tun T z (D2  x 28) /wdg. area 	 ;kw 

to 
If slot contains split coils multiply by 2 
As  = 0 for two coil 4dec per slot 
A5  * .00? for one coil. Side per slot. 
With one coil s .de per clot, no separatorSc used 
and the r; l*. area I equal to equ 	e! (57) plus the area 
of a slot soparato , 

139 	 C1 + N + 	z?i Gt*. 
P 

140 AC8 	Weightod Weight 	 average 0011 $pan, ACC 
T OX '  

:1 C 	Total series conductora#  

342 k,t 	Winding facto 0  Elf909  etc 1 
c per pole 

343 a$ 	Ef ectSvoseriess coiuo1 c, CO ' 	( 1) (142) 
244 	C Mean length c uo rpMWftL+ , 

= L + 	 t) (139) +__________ 

+ 
	( ) ')(13) L 



345 rl cold 	ohms resistance @ 28C , r cold 
Q RRI 

346 rl pu 	Resistance, pier unit, hot rlpu  hot 
hit 	

x te 
CLpU 	 260 

2 1 260 
U7 	 Copperwagtit, 1bs. *O.2?8X 3 XNL( . XCZ(1X 

C}1/1000 
0.276 z 10 3(144)(41)(32) 

(131) 

LPL 

8 	(34) (33) (153) (268) (184) (171) 

4 	 (35) (149) (254) (159) 	(268) (172) 

(30) (iso) (155) (160) (160) (1?3) 
2 	(37) (161) (156) (161) (167) (274) 

1 	(38) (162) (IV) (32) (168) (176) 

• .I..':[r - It 	T1 	 rTT. 

148 	 rns. perk p010  TPPa!Ota1 Of items (34)thru(38) 
Ug T24 	TPCSA coil pan,T2a12(33)4,2 

1) T a 	WC3a coil spans  T3a  0  () - 4 

161 T44 	TPC4a cOil  spanT4& = (33) •. 6 

152 T5 	TPC 54 soil span, T5 	(33)8 



13 
IT 	Si 	fT1, 	1LL 

tth factor Sin C 	900 	Sin (' 	moo) 

B 	Effective C= TPC 	x pttdi factor fl 
to 
162 

163 ' P '#a  Effective turns per dole $ 'TPP, 	Total of A tome 
O (162) 

loot 	2 of of 	g, cols 
3.66 	(164) , 2 
166 	(16).4 . 4 
167 	(lkt) 1. 

168 	(164) 8 
1 ► CM a 	Actual CM. per c ductor 11000 00 	40 (41)2  x103  
170 	Total 1)x 102 (4.0) (42)2  x 302 

1 ;c i 2  z 102) / g, area 
176 

x TPC. z 112 o * O etof 

J14 	35ot 

1  "" ACB4  Weightod average Coil span, A Sg  

1" Ca 	Total series ConnUCtors Ca 	P  
cif, 



1'9 	Winding factor 	 ► 
P 

~Coa 	EUOctivo Homes turns, C.a C kva '" (178) (170) 

181 a 	aRatlo, a . 

382 MLCa Mean length can t*tor, HL t; 0L + Leo 
L + Cts + 	t1 (116) + Dj 

(3) + [. 	I r= 	.ø(ø). 	(176) )  

9 

134 rho 	st ce ,per itni t o hot, 	pt hot 

280 

186 	Copper v!o tt, lbs 0.76 z10403 2 L a z CO, xc;, 
91000 

;, 	w 	» „M»» OON 	.mow» 	. 	. , 

l total = full mean ig. + % full z.iQdg.  
.1 slot No, 

.18? 	 eta„ 
188 	 No.  
189 	 No.4 	 • 



wri 	 r_ 	 .--- 	 :- 	 1i* 

lao 	No,.5 
191 	No,6 
192  NO* 7 

193 No.8 
194 No.9 
195 

 
ROAD 

Flux per pole:,, 
, 
kilolinee,  18000.(78 

(6) ~149 

197 A% (Sg + v10) 	(82) t586) 	(51) 
398 C V 	 (g + w10) 	(51) U86) 	(51)] 
199 C1 Carter, stator slots, 01 a ___ _______ 

200 Og Carter, rotor slots = 1.02 for closed slots, 
201 Effective yoke depth of shaft = 0.687 Lyp2 

a (8 

202 42 	13ffectivo yoke dopth,z*otoz, •4 = (71) (201) 
203 Ay1 	Stator core area 2LN dyri 2 (85) (56) 
204 At  Stator tooth area 99 L or sztilp 14 (85) (49) 
05 A72 	Rotor core area a 2 LN dy2 2 (85) (202) 

206 At2 	Rotor tooth area = La 42 ta/p (85) (63) (69)/((;) 
207 AS 	Air gap are& 	pLz(a7) (8) 
208 Xg 	Priury t1*x conetant ass*e 4 (J) 



•1 - 	r -- wL .Tr1T1 J 	11N i NO _ULJLLr 

Dj 0 tiee ..AgLMU2 Angus..  

	

.210 071 	St*tor core densi.t7 	(298)/ (203) 

	

211 Bj 	Stator teeth density = 1.57 ø/*tj 1.57(296)/(204) 

	

222 B72 	Rotor core density 	 (209) (196)/(205) 

	

223 Bt2 	Rotor tøeth density 11/A, 1,&?209) 
(196)/(2) 

214 	So  Air gap density 	1.8?K $/Ag 	167 (208)(296) 
/(207) 

npero 
flr 

Turns per inch 	f Path Length 
flPI..  

• a/in, stator tore from ?ig.4.1, density from 
item (230) 

216 4/in, stator teeth from 	1g,4l,dencity from 
Item (2U) 

217 in,rtor 	ore from Pigd. 1, dens.ty, troin It= (212) 
gig AT/in, rotor teeth from P1g,4,1densit 	from 

itom(21), 

219 StatOr core length = 1. Sfl(Ddfi)/p Olo,871 L(46) 

220 Stator tooth length 	410'(66) 

221 	 Rotor core length 1,571 (Db + 

222 	 Rotor tooth length a d62 
223 go 	EfotiVo gap length 903 02 (8() (199) (aoo) 
224 	 Stator tore AT 	(228) '(239), 
226 	 Statop tooth AT (216) (220) 

226 	 Rotor core AT = (217) (221) 
227 	 Rotor teeth AT = (218) (222) 



.  b? 

	

228 	Air sap At a 313 .gig g a 31.3 L14) (223) 

t i AT per pole (224) + (225) + (226) 4 (227) 

(298) 

230 iCj Saturation factor 

• jam, C 	L25J~. 

	

231 	Stator core volt + AA , 2 stator core length p 
(2 3) (21 ) (6) 

Stator tooth volume Ate, z stator teeth length z 
(204) (22) (6)  

	

233 	to tr' coro,, watts/in watts/in3 at 60 07. From UU g.2 , . and 
using item2]O)  

	

234 	Stator tee 	 .Fri Ftg,2,2  
using item(hi)  

	

235 	Stator +fro loss i.n watts at 60 air (231) (233) 

	

236 	Stator teeth loss iz watts at 60 	ft (239) (234) 

	

23'? 	Surface loss In watt a at 60 *7, 

to 

*6 (214) J 	(T6 
(47)2 47 (453) 1,25 8) 

	

8 	Total 60 cy, core losses in watts a (233) + (236)+(23?)  

	

.239 	Frequency correction factor. *1 C.8() + o,a(.)? 

0*  

	

240 	Core lope total * (238) (2) 



9 	Q. E 

. 241 Per unit reactance constant 	' , 	X 1O8 

-8 
React. Conet. z 001, pu 	( 4l) 2 

• Per unit. skew ' 	a o f a 

Ga 

	

17- i 

244 (ask) 1 	.42323(243)2 .05073 (243)2  

246 Cgk 	C 	• ZC 	1.(244) 

246 PM 	.Magnotizing pexeGnce1  p 	Cak 
g+ 	Ifp 

. t w 
24? Ki 	Stator slot constant total, o 	j► , `' 

0() 
248 C 	stator slot erection factor 

2 4p 

p . (142)2  4 (6) 

249 P3].Stator slot perme ce3 P 

r 
," 	'c2 ,c +c 2 



L - 	 1 r 	 --rir -- 	 -j 	 1r.- 	T 

251 ak 	$kev permeanoe1  Pok ________ 
Sk 24D) 

252 	Weighted average pu coil pitch  

253 
 

Stator end constant from i?ig,  2.4 viii Item (87) 
for pole pitch and item (282) for coil pitch 

2% P11 	Stator and pez'rneance, P0j. (263) (Mp mL 
• . 

	

	 525 (87)(262)l1] p 

8 ø) (22)+1.2J (6) 

256 P]. 	Total stator poz$6nee = (24) + (2&)+(251)+(25) 

2M 	ESt,PTa .800. amp 0 600P 	0. O((2) (8) 
11t N 	(78) (2C8) (7) 

This is
t  an estimate of the backward Field Rotor Curr, 

267 	(2 	set) °9 	(f?P 
 )0.G 

263 	Rotor slot constant#  bridge portioui, fnU load 
12,800 C 	)s02 4i 

Val 	2GO  12 

26D K2 Rotor slot oontant, total full load (?2) (2w) 

26 	P02 Rotor slot permoanco, 	 1191,  
32 -  

201 P2 	total rotor poueance = (250) + (251) + (260) 
262 	$sgzetiatng reactance M React, Conat, z P 

(241) (246) 



263 xi 
Pu 

Stator Leakage reactance 91  React«  onsta Pi. 

14  (241) (266) 

Rotor leakage reacta.co 11  React, # coast x P2 

Primary flux const Kf 

Caattone that tol1oj are based on the use of  some 
material in to bare and end rings. 

266 	Per in.t real atane constant 0.$C 
Pt x cond.  

26? 	Re 	a constant x 200, pu (266) z 200 
2 	Bax length (stack + extension) correctIon 'o' sloe 

C + (13) ] C + ( L 	skein , I 

[ad '(l)\'+' 	+ 	, ' 

269 	Bar factor 

D Diameter at rotor slot centres 	S d) 	.. ) 

7a1 Krjn  See F g* 2.5, 	a'Of 	 poles tm (6) 

272 	Ring factor v,  04-637  DX 4ng 	O. Q _t27 

P2  A 	 (6)2 ( ) 

273 
1dpu 

274 r'at 
Pu 

Rotor resistance, cold prat .r cold Pu 
flosiøtsnco coast (bar Tactor + ring factor) 

= +C ) x(289) + *) ] 
riotpuftV cold pu  

(273) 



►. • 	 o 

75 	Fleti ttou s bar depth , S/ 2 
overall  , A x 

276 Ej Deep bar. correction or roast ce; a = 2, ee 
Fig. 2,? , bar dep ► trom 7 ) 
Deep .bar correction fbrre.ieteno, a 4 2 ,sec . 
Flew 2.7, bar depth from +(275) 

U) +i.l 'a 
c r)1 

278 Kf1 

} 
•1)(2v7) 

:jtI :4:zj n_ 

2" 
 Rotor slot constant, a a 2 

Slot onatant, bridge + U (slot c n t 
( 	) +Kj (72) 

280 P or slot permoonee, -- 

981 Total rotor pe 	e 	s , o w :2 	(250)+(21)+(28o) 
282  L. Rotor` 	C LItago roactonca a 	2 1 	= Reacts conat 

, 
p 

(241) (281) 

P, 	cold Rotor ros stance, a Ix 	# 0014s pu 
Pu 4 R5t3t9flca conat 	(bar factor) K 	+ Ring factor 
a 

r hot Rotor resistance, $ = 9 , hot, Pu 
i r 	cold .pu 	

ii 
tert  	(2e3)1r- 	~+w 



!4 2 ...Ni 	' OFD 	CE 

286 6 	S p at no loads 8 0 
286 'rgbtl Backward field rotor resistance, 	1* V2 iOt PU, 

'A  

	

7 	b l 	Backward field rotor reactance pu. m 
)/2 (282)/a. 

	

288 	Aux, wdg. stator loge reactance,  
.o 00 zpu * (181)2 (263) 

Items (289) thru (294) calculating in -Section s~, 

	

B 	Main winding amps.,, 

	

290 	Aux* winding amps.,, 

	

991 	No load amps* 

	

292 	No load watts. 
293 At # winding volts 

	

294 	Capacitor vo3ts. 	 . , 



A E 
' 25 

 8 	3Lt p at no brad # 8 = 0 
286 rrbtl Backward field rotor 	sta .ca#  Pit 4 r hot pu 

a 0  2 /2 = (284)/2 

28 ` 	ib 1 	Backward field rotor i..actanco, k 
2)/2 ' ' (282)/2.  

X x'1 	Ax. wdg. stator iekae reactance, .pu 
1.0 a2  z 	(181)2  (283)  

is (289) thru (294) calculating in 'Section 5..,, 

Main winding empa., 

290 	Aux ► vinding amps, 
291 	No, load amps* 
292 	No load watts*  
293 	A, winding volts 
294 	Capacitor volts.  



Eft LOAD PEFII+OAlIAy3~S 

300 8 	Ship at no loads a 2̀ 0 

301 	t] Forward tield rotor reaictanoe, pu a shot pu 
( 4 /2 

302 r2br, Backward field rotor rests t 	ce,, ;pug (286) 

03 X=], Forward field rotor roactance, Pu 	( 	2 
304 ` 	, Backward field iotor rOOc taus a pu ( 	?') 
305 &ux. wdg. stator _ la 	a 	ct tc e., au (88) 
306 Primate I2 , wants 

7 Sacondaryr Icy forwards Matta. 
SOS See 	 r X2,,. backward* watts 
309 Core loose$,, 'watts. 
330 F&W loss, watts# 
311 Stye' load loss # watts, 
312 ?ota3. losaes, va to, 
322i RPM 

tall load 
315 Ttl Torque1 O 
316 Ir j, Pull load amperes, line 

317 I 	 j Msi.n 	g. amperes. 
318 1af I Aux*wdg, amperes* 
319 

 
)4 	n vdg, wattS, 

321 Etfctoncy  
am Power factor . 

i 	t Capacitor volts. 



r  

s 

V 	x ter 	 rlf 
s i a:Tl 

xz Doep bar  rroeti for reactance# use 'l .2 `, 
Bar depth from (361)  

3WU 	Deep bar rre t for res.s ice, use "tg 2, ? 
Bar depth from (3 ) 

364 x r  

W23 	V3 

368 'fpu Rotor resistcnce, forward tic , cold 
~c► Y 

 
0.5 z gyres. cans► , (ring factor + bar factor) 
0,6 z (2) L( ) + (269) (A) ] 

Slip  chard field 
It + 	~ (35B) and put (369)(382); 

360 

 

Fictitioue bar depth, baccward" field 
a (68) _ 

3 	ICA 	peep bar correction for rent c e, use `i g 2 7$ 
Bar depth Vim. (368) 



15 

300 ZRb 	Deep bar coreotion for roaietenCo, use PLg,2.?. 
Bar depth from (358) 

381NotKRt' riffil,+i (360) 

ri 

362 rgbpU 	Rotor resistance bAckmrd field cold 
cold 	0.6(266) 	(272$ + (269) (MI.).1  

363 3P2bpu 	Rotor regst8nce backyard field, hot 
- 	26O 

364 	2ffoctiVe rotor alØt opening ___ 	V 
366 	Sum of slot openings W1 0 + (364) 	(5)+(364) 
366 	Miniuxurn zigzag area 

• ______ 

367 	Maximun working Genty of useful flux m largest 
of stoma (210) to (213) inclusive, 



*1 + X2 1w (263) + (26) 

401 	Estimated iookod.rtór amps in matn v1g 

__ 

402 	BatiMatod IgLVU 	C. 96 1A, 0,95 (401) 

403 	Apparent dg..zig t1iz 2.826 C44 JO  ZZ porui z 10 

2.826 (143) (81) '(4OZ)(20)x 301-3  
404 	Apparent zig-zag flux donèitt 

-3P 

405 	Zigaza correction i'actor. Use iig,2.6, denait7 
Srom (404) 

406 PzjL Zig.zag permonoo = (230) (408) 	* 

407 	thtbalanced air gap per unit mt, d 	skewing 

Z,O47ZpU skew *kpuxZpu + 

408 	Apparent ivaxdeiu.L t3t due to skovtng 

(407) (2) (361) 
409 	Skew correction tactox., Use Fig. 2.G density from 

(408) 
410 P3j 	Skew po neanoe 99 (251) (409) 
411 X3L 	Total stator leakage reactance , Vu 

(249) (250 + 

(4010) 
+ (409) 

419 	P4 Ita
.  kL so 

 
Wd) $J 

Zt (412) 89709  omit (413) ad put G414 



w• 7 
413 	d 	f (422) 3) 	(412) 

434 	 to slot ConRt$nt • bridge portion 

416 	Rotor slot Const t* forward field 
(414) + ( ) (72) 

416 	Rot c* slot permeance#  forward field 

417 P2 1  Total rotor loa1cae porrneance., forward field 
IN ( a)  + (430) + (426) 

418 x 	Rotor leakage roactioep fob.; ft e)4 4 
ON 6 (241) (43.7)  

It $ 1 9  omit 	. thru (421) and put (422) a 
419 	Rotor slot constant, backward field 

)+ (389) ( ) 

420 	Rotor slot pore oo, backward fiold  
a_ 

421 	Total row lugs permo.ance, bc1cward field 
a (4 ) 	(430) ( ) 

422 x 	Rotor leakage reactance, bac ward field 
0,0 , (941) (421) 

423r 	t2bot, locked rotor a 2 	+ L a (366) 
looked rotor a z Z 	2(438) 

426 x 	Ax,dg, stator leakage reactance 
a kax  

we (38 1) (411) 



OCK 	9t1TXçN 
Put e X.O and start at (350), calculating the 
fløedod constants the equivalent circuit, Tho fo1owing 
Items are computed during evaluation of the Oquivelont 
circuit and caXcu1atimo made as in $ec4on81 

426 AM  Main vindthg, resistance, total hot pu from 

427 X 	Math vinding reactance, total, pu from (8.49) 
428 )R4 	Auz# vinig reststnce ,hot, put  from (8,62) 
429 ..Xa Aux,Xnd.ing reaotance hot, pu from (8.62) 

431cL Capcitor rodatance pu from (v.4 a) 

431 It& Capacitor reactance put  (6,37) 
432 	Looked . at 
433 Looked torque, OC$t, 
434 Looked wSp Unal. 
435 IML Looked amps In main ig. 

436 lat Locked amps in OUX#Vdgo  
437 XcL Capacitor volts* 

4W Rat Aux.wdg, volts. 
- - 
	

- 

500 	Estimated reactance at breakdown torque 
ZUTi 

(263) + (3) + (4]j) + (424) 

SDI  



	

Starting tore farad 	 ( 	) 

2 r5) 7) 

	

.ng Hicr farads 	j)  

Ate.CQcB 
( N'Ik',4t L/67'4Pr i/it✓r✓EIS/TY OF R©~ 

ROORKE 



9. 

502 	6 8timated slip at breakdown for 	e#, From 
. Section 6*  and (0) 

503 Estimated maw:winding amperes at breakdoi torque 
Est 	2 

Rsti tad i4T 	4.95 T*T 	0.96 (503 
Substituteitem ODO 	it (360) and calculate 
items (301) to 	 36) inclusive, substitute 'item 
( 	) tar it ( 	2) and Calculate Items' (402) to (42 ) 
(426' inclusive.. 

These calculations gave the circuit constants needed 
to compute torque as calculated in Section 5. 

505 2MT Main vdg, amperes at breakdown torque 

506 	, speed at -renown torque  

507 T T 	Breakdown  torque# 'oz. t,' 

4 1 	 $PFaE gi 
600 	Slip at 	tcth operating cooed * * 

Use constants ni calculated for taaakdown torque. 
Rete to 8øtion 5 for results. 

SDI 	Speed at switch operation* 

602 	orqüo at e4 ± operatti.g speed,)  oz-ft. 
603 	main wInding amperes at Mtch operating Speed. 
604 	Capacitor volts at awit opating speed, 
coo 	Au winding volts at s4tch operating speed,, 

606 	Main winding oinperee at switCh operating died,. 

60? 	Torque at itch oporatng speed. 



Startingtterting iiozo fa + 	(f) (?1:)  

Running Micro farads 4  I ' (') ( 
'A 

""` 

Aee. GQcc B 
r WJ 4L u6P 4PY 	pSITY or ROQ ROORKE 



5 1 n 
r° 

o 	0 	0 	0 	a 

c1~v~',O1i7 hJISIS7.10, Yn14 

~{1 
1Y 

V 

S 
C Or 

d1 

I-•n 
d 7 

4 

J 

Y ~ 

Q 

a 
~ d 

.n 

4. 



54. :E*jvajentCftiit.  
5.2 quivaient Circuit Caiculations. 

5.24 Full Load Values, 
6.2.2k Looked otbr V, 1u4.s,. 
5.2.. Unvarying  Circuit Constants. 

5,3 General Equivalent Girt Solution. 
5.4• C 	Yatjon o " Absolute Values, 

5. Ca1cu1tjon Cwt., 
6.6. Effects of Njcrotards on Carting ' rq 

5.6,l Mfd a for M ;rnum Starting Torque,* 
5.E32. Htd s for Ma m Starting o2Y .1o. 

per rnpere.  

6.2 



This procedure to used to calculate the performance 
of a single phase induction motor at any point along the speed 

torque curve from looked rotor to no load,#  The cloulations 
are based on the equivalent cizcu1t as per h ,ern in fig 5.1.  

S.I. 	V4LJ  

In Fig, 8, 1, Is represented the equivalentcircuit  
upon Vhi ch the whole procedure is'ase. It is the exact ems.. 
valent circuit. ThO quantities which appear in the a juivalent 
circuit are tvQn in Section 3.1. This oquivalent circuit has 
been derived by the Double Revolving Field Theory of $ingle 
phase induction motors. 
5.2.  

at  1 	Type of motor 1) Cacitor Start 3)  Perm, 	t 
2) value 4)  Split Mae* 

*9 	h.P. Rating* 

5.3 V1 	Xainspbase volts*  cotta. 
5,4 Va 	Aux.phase volts, 
6,5 t 	Frequency 

i 

P 	Wo.or poles# 

8.? N1 	FuU load RPM, estimated  
6,8 a 	Winding ratio 

5*0 	 Stray load loss 

11 

so lo 	Friction aid wind e,,, at syn,RPM watts* 



r 	 9 

5 	 re loss, t a" ' , 

so le cL 	øtartlng t6. 

E12 	Running itd, 

6.16 r 	Rca, of auzwinding, hots  p.u* 

8, 1? 	 Rotor rea 	forward field, ' l., p»u.. 

Rotor 	s, to baCkward field, t.1 , p.11 

1, prig ieaicege reactance of main r dg,, , f, 	,p,u, 

Rot s  leakage reactanec to forward field 	t.l.p.uo 

8,021 x2btl 	Rot„ leakage raot&Lce to b 	tar. d f old `  	+.•11 

Pr , leakage reactance of mod8., t1., p  u. 

6.23 	Magnetizingeat cs .. referred to main  

.o.4 rte,, 	Rotor res,totorwerd and backward fietd$p  to 	, «u„ 

6..2.E . 	Pri.1.otkago r a tanco of main vd ,1 toCkd p. z. 

&20 Z 	Uot.leakage react., to forward and backward 
fie16 s$, to ed p.u. 

*27 	Pr.1ejkae reactance of a .winding,loc d ,p,u, 

Base volts `+! 	° 	 5 

,29Vim,; 	, .ph, oats, p.12. 	(6.4)1(5.28) 



503 p Bass poerHP 740 

 1PU Be amps. * Pj 

6,32 I -Ova 	Base obme 	* (8,28) (&31) 

5,33 	Base speed 	120 tip  120 ($,5)/(5.6) 
:r 1 1r  

Stra.ioad iose at fa11. 3oa, P.U. 	(5.9)/3fiO 

6,35 

 

FrIation =6 windage, at s,speed, p,n. 	6*18/ 

5.36 	Fe 
 

100, p.u, 

6,37 ZOL 	Capao.ructanee., starting*  p.u. 

U CL Cos  za Imolf (5012) =Ot  (5.31) 0 

Lt CIO  0 MKS 

6. 88 Xofl 	Capac* roaotance, runi4ng, A.A. 

if. 	0 it (5,3) = Q(6.3$) a 0 

Conductatice Ot magnotIZ11mg: t*ancb•, zhcp.u, 
to 100E8 

(05 	btta 

00a (3023) 

5,40 	8zsoeptance of rnignotistng braACh jvbos# p.u, 

(5.23) 



404 Va 	 stsocapaeo f  
PNU* W*07%4 	S !3 7 

5,40b Kati,quivint ssxiø rosiataflee of 

5,3, 	Simian. -MCRIT, 7flO, 

5.42 	sup, in P.U. 

5.42 	d itt ncep f forward.ft.d rotor cirouit,p.u. 

Us$0 

8#43 job  Adniittance .ot backv4ie14 rotor crcuit,p,U. 
U1 a2,V2b 

12b r: 	g2b $b2b 

8.44 It 	Apparent adaittwice of forward field, including 
magnetizing reactance p.U, 

+g.jt of at 
5,45 	Apparout inLpedL*ice to forward ftald, Including 

agnettz1ng reactance, PA's 
4f 

6.48 !lj 	apparent eznittonC of backward fislA t  including 
magnetizing raaatwvCes  p.u, 

aY2b g)j( 

5.4? 	Apparent .ipedanee to baokvarg tield, inoludin 
*agnett4ng reactnme, P.U. 

b +$Xb 

6.48 1*1 	Prileakag, impedance piu, 
Z?l •iz 

5.4w IT 	Total iapedencQ of man winding 
:P's fj  xM 



$o 51 	pedance of capacitor 
r0 ►J 

5,52 T 	Total iap.dance of i 	► in ding c root 

X + T 

5•53 	Curr.nt flowing in main Minding 

; Ta + 	 £ + 
b 	Y 

5,$ ; 	Current fling In aszUazi4rding  
v;3a *1) 

;; 	gjb 

5,55 	Current Aowing in main 4ndng  

A +4 
A" 

M 	Eq :valen to r .fiold C 	t 
5.57 	Eq IV . 	back 	ti*34 current '~ t 

5,58 'Equivalent. torvardfie1d current 	T; 

5,59 ' 	t, I~ 	,Va1Qflt bad.wrd fiol4 Currit 	• S 

Leo Ts 	Forward torque# p u, T f * (I ?fit) 4 

661 Tb 	Backyard tortiu., p,u gip, * (Zb2 



s. 

5.68. T 	Not a stria tea, 	p,u, 	 b 
strew  load 3.ono cwrootion tactor 

, ..., , 	dote At ' Ml i a 
this item 

5,,63 	output power, p.u. Zt 0 	, $ktp this itn  1!0"Utplut power p.ia. 

3  

N 	RPM No  ( 	0  (8.33) C I (5,413 

5.66 	Torquer, in oz. 

s*1 use 

of rate outputt 100 	O 
I. 	0, E 0 	ddp this it 

5.67* Main. Pd. Z2Z  ioae' 	"1, pu 

o 	re 1 o 
Xt 0 00  use it.. (5,11)  
It 0 

core loan 	+ 	ex 



S9 
5.71 	?rtcticn ltd wirage (s.it)) 2 (» ) 

$t 	3.o lose = (. 	(5.63) (6.3) (so 

5.73 	Total, lo* os = (5.67) or MGM + (5,() + (5•69) 
+ (5,7) + 3.7

.
) + (3,72) 

5,74 	Line A c re s Imo, 	► 	J► # A ore 	,, (A+8) s 
60.76 	Main Wdg. pa 	 t 

7 	z, d . AMP$* '0  0 	A 	* psz ! 524h2  

5.71 	,n Win8in8 Wat 'A 	Main Win6tng Watts= AP 
5.78 	..xoftnd Watts 10  0 Auz.W4WattP 

8.79 
	

Capacitor Voltage =° .0 	Cep,Vcjt,'m  

8.80 
	

Au Wd Voltage 
	

huz. dg,Voltage 

take scalarvalue of the roc or' 

5.81 

6.82 Hsi 
only 

5.82 comb; 
vdg. 

or ,factor 

(A* 	+ (B 



Trp+ of Motor 	Csp,,start w. Value Perrn...6p t Split* 

slip ' > 	 0 
Main only or Combtned Main 

0 	0 	0 
Coabinad  

Slip 	fi Iterate 
Untilrated output 
I s reached wit 	0.2% 
Mein or Combined 	Main  
M d. 	 — 

Combined Combined Main 
'Rne 	 Banc, 

p 	 s2gives ►rOtOr+ .thani, #firs *  
A lot trial a $1 	Zt 2 gives lose tort* than 	use Sj, 

trial 	 Record the clue of $39 '# or *3 which bird trial  Ix s 	ever gives  greatest torque. 
Main or Combined 
'* 

Mn Combined 
Rn 

Combined 
Rug 

Main  

' 
4 	s  ' oat 0Ø Wit„Put 

Main or combined Both Combined all values Both M`d. Stg, S 

- c.&rotor 
Slip ' 	$ 1.00 1.00 1.00 1.00 Main or combined Combined Combined Combo 	d Combined Kfd Sig Std. Stg , 



91 

This procedure a.y1e$ the effect of 4crofars on 
sp* itYY etSiPt i tv Value up*dtor More, use odcuiatióne  

a . after compettn of baste CaICnlattøns for sUz4s ;mss* 
motors per seotton 4. It*** r*abered 1 u than '' 	re 1o '  

Seeon 4, Thie procedure o+ cu ite 	s, ► L,: st t. 
in# teru*, lint asr.s, and capaótor volts for  

to trspt  

a 	 rE 	 rh 	_$ 	_  

tez 

y~ 

he st a t tt 	7 to oon rVa v* 	 an 1be 

rod if swititngtorque c4oi4ates ss ' o$i 	 rd it 
is destrabie to use 	of 	 a s zsr that for m nma 
sting torque per sets but s2vais 1aee thai that for 
Stuff tom*# 

s 	_- , 	t 	(82)x(420) 
702 r 	* (82) x 
703 1 70 + 	(709) 
704 r a 2) 

701 ? 	'0 (82) x (94) 
70? ru,. *2 	# 	(' 	, Off) 

708 R Is .(82) 



709 Rao 	(706) + (707) + ( ) 

726 xxt a Zoo s2 	c140 (1832  

731 Z&o_.. 

71': 	'* t*C » 	* (?1Z). (7 10) 

723 R0 	' O.OiZ a 0007 z (x32) 

Test to see if (13 3) differs tram (708) b7 	or more. Zt 14 It d+~ $ bsti to (7'3) t - '` 	and go bsok to (709) If it does not # proceed on to(734)  

737 e m .0 a * $1u 1 (716) 

719 It= (3)1(708) 

~ a (4)1(115) 

721 Starting tome * 	 e , f 

722 %Z, line, amps ' td~2;a' /2" 

723 Cap. volts x •0 (720) z (712), 



' 	 e? 

731 	a 	~ 	.. 

732 	* 	` * ~- C , ' 4731) •(730) 

733 	e, 	= 0' ' 	a .O1 	(1„" ) 

Test to see if (733) d1ffera from (703)or more.  
It it does substitute (733) for (708 recompute 
and n back to (?30), I1If It does riots proceed to 

736 Sin (0 m . 0 ) 

.. 737 	1ao 0 (4)/(738) 

738 	Starting tp►r te 
(738) 

740 Line aas 	Z. 	 Z 

719 
	

(709)3z + (°e4) + 

141 oap Volt$ * (7 7) (732) 
742 Hfd for switching torque 
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5.1.Stator ars Rotor Pundting Calculations. 
6* 

 
14.. Design ot of Stator a Rotor BZ ' s 

,►1.2, 8 ator Punch Calculation Soot, 
6.1.3,. Rotor aching Calculation Sheet,  

6 . free Phase De gasp 

6.3. ': o Phaa Designs. 

6.4 Single Phase Designs. 

t 5 



6. lg$Its` WORK AND PEW 	t 

Sawa on the Basic Design Procedures for Po1pbaso ard  
Single phase Induction motors aesi 	are made for 10 .p., 
180 cycles, '. pole, 440 Volts compressor 4s ator. 

Starting from the undamentala of designs  r gap di 
eter and outside dieter for stator core 	obtained. then 
the stator and rotor core puuchtnjs are designed as In SectIon  
6,20  

in the present design, TrapezoidalRound Bottom aai. 
a1osd slots have been used in stator punching and tripøzoial  
closed slots for the rotor punching, The dimensionedslots 	em 
been shown In fig. 6,1 and 6.2 rospectvely. 

When the air sap diameter Is known then for a given number 
of slots in stator, slot pitch is calculated *IT D 	'j, iowing  
the current density and current carried by each conductor, the 
slot area can be approximatelycalculated, The whole stator 
punching ie then designed as to 'Theory  and Design of Small  
Induction Motors' by C.G. Vonott on page 3861. &ter rough 
calculations are made an enlarged drag is prepared and the 
Stator Punching Calculation, shoot Is filled in with the b+ p 
of Fig#  713 to 'fig, 7'.8 slot constants for air and windings 
a i calculated# Tvo such designs have been made here on shoots 
flas, 6,1,2, Sty. I and .1,#2 Sta U. 



For designing rotor punching and in fixing the number 
of rotor slots following rules are to be appUedi 
To minimize noise and vLbrtiont SI - $8 must not equal 	Is 

► .~ or ; (P' t g) , To .void cusps# 61 • 82 	st-no's 
equal. 	1 P or for 	eepbase motors# . 	or — 	. To avoid 
aogg1xig, S,1 ow S 	t n+ 	wpb,. + mW :1i' mn 1tip .e + f 	MP 
for polyphase motors* For quietness, $2 should differ from S 
by 20 percent or more. Fo low 5 r «.load loses , make 2 smaller  
than S1 by a small amount of the order of 14 percent, The rotor 
punching is designed as in ''Ib+ + ry and Design of 8mall induct on 
Motors' by.C,G, VVinott on p ge 3.2, ks in stator punching designr 
the Rotor Punching Calculation shoot to tilled in end slot coast » 
ants. evaluated, Three such dears have been made here on %beet$ 
NOS* 	Rot T; So 1. $ Rut I1; and 6+,1, 3 Rot IU,  

During the O ,G + ua c motorsVesLgn.. for three phase 
annd two phase connections the followings have boen used 

Stator : No,6.1„2 8t 11 

Rotor s No.6,1.3 'R©t II 
Stator and rotor designs of No.6,1,2. Stn I and Nó,6, 1,3 Rot I 
have been outright rejected, Rotor No.6,1,3 Hot I -1I has been 
used to single phase connections to got better performance. 



D 	Outsid* dtwiater 

2 DI Gap d1natu (bore) 7*  
3 S], R*,of dote 
4 d  

1T 

overall slot depth 
L 

1.330 
dj Depth of tooth 	PO , 0 
4U Depth of slot uau .06 

Y d4 Depth of trapezoidal 
slot opening. 	# 174 

Iwu Slot v.tdtt at tap 	,37 

tats s 	S1a 	►.Z 

fir R 	t 	055 

613 For ;,apt close 
dig  

15 I Slot patch* D3 l81 .65& 
*11 NItIT Tooth . 'aCO 	» IO 04^ 

17 t Tooth wi d h by .245  
Tooth I4dth bottom 
zkDi 	1.r13)] 

L9 

l 

t Enact,, tooth' ,4' 

Effect. 
too st 1 0.5'i  

.266 

21 _ dyl, off 	depth 1666  

22 Slot cell thicknoes 0,1165 
nons vie 

: 

Middle etjk dim 	. 

Slot cell area 

'" 

.032 
26 # 	useless 

due to topotick  
27 dd.oetek area «0106 

Area of additional 
29 Total area of irniula.. ton k t 

rOG$ s  o 	area • 
o► 	l 

YermIss1b1eID  
33 	411W  to 	natant vdg* *870 

Slot conotanti 	r 455 rr.to'exalusilliv of 
 

•as Slotoo 	uth fringing * 120 
36 1 	, Slot constant 	2, X  47,5 



3. 	Net slot 	 :rdin 	area .4225 

32 	Peissibje 109 .362 
3s1v Slot constant,   .900 

34 	11lo 	Vic, 	1?. 
t +  't. 	ve of t 
. 

o Mnng 

36 kS 	Slot c scan 	p 
r► 	6 

11 13 Slot width t botto O 
12 

32 4; For part. c sod 	~. AU.• is 
34 V Slot width t, top 

of wdg. 

pt 

tooth 	105r23 U011 

J9 

w►'i"tTI-11t F =rte . 	'a;a 

F!' Gapdf enter 	X32 375 , 
3 01. No.tf $lots 	36 
4, 11, Overell slot depth 1.200  

10 Depth of tooth ' p .04  
for Q ern plat o 

11 Depth of Slot moutb,O$  

7 4 Depth of trape d 
Vj) Slot opening 	.324 

'W11 Slot width at top .26? 

"13 Radius of slot bott,2  

ih=L lP 	
. r,31 1.4 34 

22 	
1 

Slot cell thickness 	.016$ 
T+ . stick d1meñii runs 	16 

Middle Stick dimensions .132 
25 	slot ceU area 	 .2888 

26 Slot area Unless due ,03C9 
27  Middle otiok area .0094  
28 Araofaddit.on4 __ 

29 Total area 	irt 	:et* .0+91 

30 Gross slot area .4916 



too 
10TOB ?WCEXNO ' Cr 1'X SR SET  

NO6.1. ROT 

I 1)g Outer. d.e di 	titer 7,400 
2 Db Fusc 	o 1.D. 2.937 

3 8 	No. o " lot 	81  

6 	Diameter at a 	F4  217.  
Slot c tres 2 S 

,r mum depth of 	X005  

21 Depth o " slot mouth .035 
t, Depth of trap seat* 1,143  

9 21 Slot width at top s 
. 'V3 Slot width at bottom .180 

u1 A 2 Slat-  pitch 	I ''S .7 	
. 

12 Døpth of took 'dip 
13 422 

20 Slot opening .000 
is W22 Slot width at top 

of winding 
"gip Tooth i► Taco = A 2 

o 1 Tooth wid th, 	p .631 
19 .  t23 Tooth width, 	° tt .346  
20 t2 Effective tooth  

width 1/3 from min 
section) 

.407 

21 	2feot1Ve tooth length , 
22 'O  	i 1.048 

,1,± slot constant Vd , 	2.3 
won *'i .° ,4 

28 Slot area 	 2D9 

Slot constant1air 	 900 
04 
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1 'OR PU* RXNG CAICULAT ION BET 

P2 Outside diimetar 	6.21 2Z 	tf t&ve teeth 	9 m 
ect,1' s i.u. ,96 

5 

Diameter at vt so 
plot centress  

db Kini a. depth of W090.0106 

$lot .area 135 

xsft slot z 	t 	t f'  Oat 

dat Depth of trap, eeo 
W91 Slot width at top  

I A a slot pitch a WI) 	1r 638 
2 d  Depth of tooth flp 

row 
6 Va0  Slot opening 	.tom 
0 vooSlot width at top  

of winding, 
Tooth face = X 	w 

3 'fit Tooth vid .taD 	.489 
Tooth vidth,bottom 	*208 
Etteccttve tooth width 
(wtdth.3 troin.rnin,  



Slot conetnnt,aLr 	6000 
T1 

102 

IWXOR PUNCIIINO CALCULATOR $HE'S 
bw. 64.3 ROT ICI 

Effective i .D. 94 37 

imeter at 	IDg , 
ft c 	tns ,► 	9 

21 Depth of slot mouth . G35 
24 Dspth of trap, sect, .360  

• V1 Slot width at top .35? 
Slot width at bottom 4 367 

LIA22 Slot w$d* 	i pit  

DiptboFtooth tip 

g Slot opening .000  
Wg $lot width at top 

of winding 
LI t2 tooth face 	*• 1~f 

La t2j Toot2 width ' p 
ooth width bottom 200 

0 t2 Effective tooth AM 
!w d' 	., 	47 from min 	.224 
section)  



e design Is started from a stator cormocted three plt ao 
.r uCtion motor (Deli gn Rte►« fi * 1) and by the use of relations 
stated in sewn I the final design of delta aonnectld three phase 

induction motor to obtained (Design flo.+ • 	).When the windings 
are. connected to series ft.stead of parale3 design ' .6, . . is 
obtained. The complete porfoziurncGci of the above designs have been 
made and given along with the dOtgn Bets 

n 	 al deati No6.8,1is prepared with a stack lend 
of d.6" * With the use of nabs eltjons or sect, Bann 1 the finol design  
No. 6, 3, * is obtain 	M the windings are aerials comectod it is 
design No 6: ,3. Th 	pl to perfonances of the suave designs have 
been mace and given along with the dest gn sheets. To got a high star'. 
.ng torque Rome WeldingBronze material is used, stead of alumi.zmrn 
as the cage material#, in designs ► ,2 and 6.3. The percentage 
conductivity of new material is 26,3, The new performance with this 
material has been Calculated and given on '8unary of B sit Design 

Calculation . POIVpba a InJ1ction Motors' on sheets Nos. 6,3.4 and 
6,3„6. 

Design has been made for permanent + 	t phase  motor in 
design , 6*4#1 and its poformance tullV calculated# Tito design 
to not satisfactory. 8o 6,4.2 a Twovaj,e capacitor motor has been. 
made nd its performance boa been ca3.cu1ted, The doeigrz and ortor 
sake at series connections have also been made In design 6.4.3. 



1.01 

Design Number 6.2,1. Stax 
•

a nec , an 
HP ,tin 100 NOwOfcircuits 
Line Volga 440 8 .1UA1 TPC 
Phues 3 9 6t fCond 
F 	gaency 180 Q64 DIa Bare  
Poles 2 .0673 Di 	Over Xn 

10600 1 	V1 

+ 	40 WaSe 
CARE_ 2 4: 
Gross Iron Sta 
No.Sta Ducts 

6.500 Belt 	n 
Dist Fact .000 ,96 Width Sta Duct$ 000 

Gross Iron,, Robr 5,)0 
No,Rotor Ducts lo op t 	3 4W 	o Width Rotor Du 	o .000 r 	e 	r 52ei % Rotor acts 7 Shaft Material Magnetic 

7,25 

R 	
area 

 
Ring U.'►. iron 	1.00 

}lb„ 	u « • 4.00 Pd 1 in 	+t 

Sta Pchg Calc Not  6.1.2 die. .480 Tooth Face 
outside 	Is*  12.376 .248 Eff.Tooth Width 
Gap Die.. 7.500 1.382. Eff Tooth Length 
Type of Slots Pert.olo$ed 1.666 Yoke Depth, 

Nat Slot 
Pcbg 

W 	Area g No. Slot o , 36 .5617 
Slot D.pth 
Slot O 

1. 
.1 

.485 

.575 
PorrrLtsiblo  Slot Const.Air 

Slot Pitch .6 i870 Slot Conat.Wd.g. 

9T0WPU?UIN0 li4 1M 	lill 	'MIIiWJf 	' Yi  
Rot Pc hg Calc.No, 6.1.3 Rot I .407 	Etf Tooth Width 
Outa $e Mao  70400 1.183 Bff. Tooth Length 
Eff I.D. ' 2,937 1.048 Yoke Dopth,Pchg  
No*of Slot$ 31 2.503 Slot Const,Wdg. op 
T7p0 of Slots Cloy .006 Bridge Tkni. 
Bar Depth 1.183 .035 Depth ,Slot Mouth 
Slot Wld 	,' 	p Slot Pitch . 

*750 
.209 
.000 

Slot Area, Top 
$lot Const,A r 

Slot Opening .0 	► • .180 Slot ! 3idth,Bottom. 



Design Number 	60201 
Base elan 	 2.6 
Air ap 
Pole pitch 	 11,70 

cipq
11• 

UU 	 3 
Coll pitch pt~ u* 	•66  
Env, oD 	*96 Equiv. TP+C 
Pull dimension 	9096 

W 	 11.63  
Copper wt, 	 o r , cold 	 .0126,  riot # p.u. 	.00573 ri effect 	 .006%  
Pitdh factorr 	.866 Eff sor c ds/ . 	49,,? 

Flux/pole, Koine s I= 
Eff air gap 05933  
Ste core density 76410 
Sta tooth density 8900 
Hot core den 7966- 
got teeth d 	el 	' 89.6 
Air gap density sole s 
AT, Sta core 
AT$ Sta tooth 93,E 64 
At, Rot core 26.3 
r, Rot teeth 10.8 AT air gap 

Total AT 
667.8 
69,3 

Sat factor 1.222  

Sta core loss* wit ..1179 
Sta teeth loss ? 
Surface loss, 	W .061 
Total core 1oss1RW 1. 

React Co 4tx100 ;p.u* 3226 
Per-unit akew 0.10  
$ta slot factor 0.800 Ste as factor 
Sta skew factor 
Sta end factor 
Pri. leakage perm 
Rot bridge aonstan 
Rot $lot fact 1.78 
Nag react $ p.u, 4.60 
Pri leak reacts p,u, .242 
See leak react,p.u. 0091 

SCR! OF BASIC DESIGN CALCT3LATIONS.POLYPRASE IDtXTXON 902018 

0887 Bar Factor 
.437 Ring Factor  
.00524 2 cold, p,u* .00628 hots 

LQA1 
.364 e loss roe p,u,  

- 	* App sag raac 	p u 20. Ro4oad 	s 
0019 Pri X2, 
5.230 No4ctd KW 

*281 a zz 	- r 
Sta skew factor 338 Rot Bridge constant  Rot slot factor * L% Pri leak Mott p.0 .0386 028 6#0 a react, p.u. cold see rest p.u. 02 

.0796 
Rot 
App 

sea roe 	p.u. look rat roe 
,421 App look rt react. ► App look rot, lm 
591 
87.1 

Look rot$ 
Torque % s 

of P.L. 

.23 Pri 	eaIc reaQ 

.074 p,►u* 
Sec leak react p.u, 310 Pri&ips 

I8B RPMat bd tore,  
234 Ed torq. % of 	.L. 

AD 
.0000 Slip 
82.83 watts input 
IWO PrI, amps 

Sots amps . 96? F&W 
Stray load loss 

10647 See 12, 
*652 P 	i* LV core loss . P,f Tot losses, XV 
[ 	y 

-Mary TOVqUI ,lb$t, 6121 C p 
270.20 Cost of Ives 
64.65 Cost of copper 
10040 Cost of aluminum 345116 TOtai,f act mat' I# ]be, 



iLL 

Design e'er 6.2.2 PO1 Connections 
HP Hating 200 2  No, 	' cir uLte 
Lim Volts 440 U Actin. ;'PC 
Phaøe 3 /cone 
"r+aiuenol 190 •08 Dia care 

Po10 2 .0538 :u Over ins 
FL I?PYJ 10 600 " Coti throw I & , 

fuse Belt Angle 60,0 
Gross Iron $ta 

Ducts 
.0 x.966 Dist Fact 3 

No, Sty, Width W1dth Ste Ducts .000  
Grass Irons  Rotor 4,000 
No.Rotpr DUcts .4000 80,0 %onductivity► 
W dt 	otor I)uot . 000 Bar Ixtonaione 
Skew % Rotor Dit3 115 0236 Bar Area 
Shaft Materi eUI ,1$  1'32 

! ,4 187 
* 	' 

Ring Area 
Ring 'J 

Ring I .D ► t3" 	,b Iron 	4 !00 
Coat/ 	, 	p+ r 

1.000 74  jn XW 

" 	... '  	 ETA 	PU X 0 

Ste Pthg Cete No. 	6.. 1,, 2 Stall .422 	Tooth Face 
Outside Die, 	11,600 	.207 	Eff, Tooth W dthh 
Gap Die 	 6,376 	1071 Etf, Tooth Length 
' +e of Sot 	Part geed 1.414 !oke Depth p g 
1do.Slots ' 6 	*422 Net Slot Wdg.Area 

02M Slot Depth 	 . 1 	Per iss ble ND 
Slot Opening 	 .696 	Slot Const.Ajp 
Slot P t 	 SW 	.900 	Slot Const.Wdg, 

Rot P+t 	(ajo' NO* 6. 1.3 Rot 4x x,362 Eff, Tooth Width 
Outside Die., 6.298 .976 Eff,Tooth Length 
Eft'. I .D# 2,437 .35 oke Deptb o  PChC.. 
No,.of $lots 31 2,61 Slot ConSt0  Wdg.Top, 

  $lots closed #00 Bridge 'hb MeDof 
epth .975 035 Depth 	Slot Mouth 

Ar Slot Width Top • 342 0 236 $lot 	Tops 
Slot Pitd 4000 Slot Const, Air 
Slot Opening. .0 .242 Slot Width*  Bottom 

10 
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SUMMARY OF BSIC. DOS1GN CALCLUTIONS POtTPEASR INDUCTION MOTORS 

1 	. 

+ bsr `hotor 
.661 fling factor 
,00V3 r 	colds p.0 

A 
` ~ 3,21 `$ 	loss rae.u, 

' 	
, 

App 	react pony 30 
.063 

No l 	d 	 s 

Pri Ir 

Desitig number 	6.2.2  
Da se oh*s 	,.r 	2,6 
ALr 

 
gap 	 ' , 	.040 

Pole i~_._ t6h 	9.95 
Tota1E -. .338 
% tull 	 J 

Coil pite p.u, 	 .5 

E quiv.0 	 +W1LQO. 	? 
E cauiv TPC 	 3.17 
Pull dimension 	6, 
MLC 	 12,00 
Copper wt. 	 $6.58  
r , cold 	 00196 
v h,t, a 	 .0089?  

.01031. 
Pits. factcir/j.':.766  
i't ser sand h 	58 

I . 

o *,tea 123? 
Eff, a1tr $ 	 .04665  

to cote d+ 	.t 	: 0 
Sty teeth density 	woo 

e re den4t7 	uo. 
Rot teeth dens. 	.844- 
Air gap density ' 	440 
A,Sacore 	'4 AT, Sta tour 	155.8 A? Rot core 	92.0 
AT# Rot teeth. 	15.4  
Total AT~~ 	 ~,fl. 

core .ass,KW ,221 
at& teeth lase KW 

W .076 Surface lose, 0" 

R act mss. 	p,u 4,072 
Per.unit a w' 
Sta slot. factor .67? eta zz factor .350 
Ste skew. faotor, .113. Sta end factor 2,228  
Pri leakage perm 3.4a• 
Rot bridge constant 0.00 
Rot $lot factor 1,39  
Hag east 	yyy  

Pil leak reaet,p.u,  
See leak react,p,u, 0.078 

.046 Sta skewac or 
.~ 	'1 Rot Bridge constant 
.651 Rot dot factor 
IN Fri leek react, p.n 

,035 See leak react, ; p u . 	i Cold sec roe, p. u. 1 	, 
.02M 
.0949 

not 
App sac ray 	►.u 0, 

lock rot res 
.429 App lock rot react* 
►4Ø App lock rot imp ad 
l Lock rot, 	ips 

.3,3 	ri leakreact p,u, .0th . 	Bee leak react p# . . M2 	Pri ,amps 
309'6RPM at bd_ for ..  

.0116 W.ip  
80,500 

 
tt'e input 

P 'tamp
s in - Sec 

.981 F &W 
1.402 ` Bus 	lose 
0090 

load 
Soo 

1.008 Fri 1 
1.450 Core loss 
5.861 Tot losses, 
100006 
92 2f 

.678 P Oro 
10674 RPM  
49,2 Torque, lb$t,. 
377  t$/amp 
165. Cost of  iron 

" 	
• cost or copper 

s, Coat of alumina 
191.49 , . Total, act 	'l,lbs 



1.lJ8 

Design Nber 6,2.3 Delta Corneot1ons 
Rating 26 1 No.o ' Cix dts 

Lino Volt$ 440 U Actual TPC  

Fre ien j ,O: DI+ 	are 
Poles #CSM Dt 	Over I- as 
L IPB 10600 11 Coil' xpu 1 & 

~aao 60, Belt Angle 
.956 Dist Fact k 

airiLisML4i 	~ 	•, 51 ~• 

icttvtty c} 	so Iran 8t 
No,Sta Beets 

4,000 Bar Extensions 
tt Dc's. t S  W id 

,000 \ 
,~ 000 136 

1,38 
Bar 

Gross Iron, otor 
'bto ' Ducts ,*R+ 

4#000 
00'0 ng 	Urea 

Ring I *D: Widthotor Dr 	s 0000 . 
2 *OQ B *L*Loss Si + 	$ Rotor 	* ± U8 , 000 its Kw Shaft 	t to mimeti c 

Cost lb. Iron 1.000 
ost/ib 	oppe r` 1.000 

Coet/jb.Alurn. 1600 

Sta Pehg 	,C No* *►12 Sta XI *$92 Tooth 1oe 
Out side Di ,► 11.500 Q # 	' .E ` ' "Tooth Width 
Gap Dla, 	' 6,375 1.071 BIT* Tooth Length 
TYPO of Slots pry Closed 1.414 'yoke Depth Pehg* 
.+Slots ,. 04225 Not Slot Wdg. Jea 
Slot ODentng *696 Slot ConatJir 
Slot P 'doh. 	• +5 .900 Slot Const.Wdg..,. 

. P II  
Rot Pchg ale, , 6,1.3 Rot 11 .* 	2 tf,, Tooth Width 
Outside Die, B* .975 - Ptf , 	ootb. Leng' 
Elf I.D. 	• 7 

31 
,6 	r Yoe Depth, Pcbg  

No,o ' Slots* 9*687 Slot Cost 	1#dg,Top Type of Slats, closed .0 006 Bridge Tkns. 
Bar Depth 
Slot Width,To 
Slot Pit 

.976 
, 

.035 

.138 
repth 	Slot MMoa i 
Slot Area, Ta 

Cons 	I, .# * Slot 	, 
Slot Opening,; 	• ,000 0142.  . Slot Wtdth,Bottorn  
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SUMMARY Y p? BASIC DESIGN CALC T IONS POLYPHASE IMICT.U&i 

Deatgn Number 
Bass ohms 
Air ga 

t 

6.2 
10.4 
.040 
94  

.660 

.00773 
t r 

Bar factor 
Ring factor 
92 o ld p,u#  

t 

P 
UJ. 

. . .261 loss roe p.u, 
roi l pit 	► p. . ► 5 

3.42 
8,2 

App snag react p u. 
No-load amps 

4u .v 6.34 1.612 N ► loaQ KW 
MLC 
Capper 	* Y3.00 

36.52 
.291 
0089 

ALa 	iffir 
Sta skew factor  rloold 

hot 	t 1, 	, .0180 
.00897 

.481 , 73 Rot Bridge constant 
Rot slot factor 

X'1 tiff 	s  p.u« .01031 .132 Pri leak react, p.u. Pitch factor .766 400 See lead re 	t,p u. ft 	nor ca 	)h 1 	1 .0223 Cold see res,p.u. 
WUA 8 .0268 Not sect re 	p.u. 

lock rot res. , 	. 	nee App rot 
S t' 

 
	gap .04666 10+8 App look rot react, Sta core density 54.0 1,73 App look rot imped 

Sta tooth density 64.5 126 Look a'►t 	8 Rot core density 58.1 Rot teeth density 42.0 Air gap donsity 22.0 .;tom Pri leakp. u. ATI  Sta core 101.4 .072 Sc leak react p.0 AT , eta teeth 28.2 84 Pri amps AT, Rot core 48.8 10283 RPM at bd torq.. AT, Rat tooth 7.5 AT 	air gap 
Total AT 341.2 PULL LOK  

506.9 .0136 Up 
31.2 Pri amps care loss # 	' .081 3.1 Soo amps Sta tooth lose KW .021 .987 F&w 

' Surface losa, .0 .373 Staytoad loss Tota1 Cr+t 441 .226 see l .252 Pri 1 
React cans x 	,pug 4.072 .3 Cøp. loss 
Por ,unit skew .074 2.203 Tot losses, KW 
Sta slot factor .677 25.01 HP 
Sta zz factor 50 *8872 E " ' 
Sta skew factor ,17 .874 P.F,* 
Sta end factor 24,226 10652 IPM 
Pri leakage perm 3,44 12.40 Torque, lb ft, 
Rot bridge COtant .92 710.2 CW inp 
Rot slot factor 1,52 156.32 Cost of irxi  
Mag r.act,p.u. 334 36.52 Cost of copper 
Pri leak react,,p u. .140 $065 Cost of aluminum 
See leak react,p.u. .084 297.49 Total act mact'l,, lbs 



Tvo.pbaee Connections 
2 	Nor of utreutte 
7 	Actual WC  
5 Std ond 
#0641 Da Bare .0613Dia Over Ins 

12 Coil rou I & 
I.13 

OG io.o ' ase I elt Angl 
'Roo Dist Fact 

30.0 yponducitivity 
.000 Bar Extonsio 
.135 Bar Area 
1.20 Ring Area 

7 ~ Ring 0.1). 
3, 87 	6 Ring 1.1). 
2,000 S.L.Loss 
1000/ P O 	in l(W 

110 

ELECTRICAL AND MAGNETIC SPEC Ifl AT IONS FOR POLY'PEASE IP DUC `16N 
MOTORS' 

M 
Design Thimber 6.3.1 

Rating Lia   Volts 
100 

440 
Phases 2 
Frequency iSO 
Poles 2 
FL RM 30600 

Gross Iron #Sty►. 
NosSta Ducts 
Width Std; Ducts 
Gross Xron,Rotor 
No,Rotor Ducts 
Width Rotor Ducts 
Skew Rotor Ducts 
Shaft Material 

Co t/lb,Z n 
Oost/lb,Coppor 
Goat/1b Alum 

4.500 
,000 
.000 
45O0 
,000  
.000 
115 
Magnetic 

1.00  
1.00 
1.00 

t a Pcng aLc,No. 
Outside Dia, 
Gap Dia 
Type of $lots 
No1 Slots 
Slot Depth 
Slot Opening 
Slot Pit 

6.1.2.StaU Tooth Face .422 
114600 .20? Eff. Tooth Width 6.375 1.0:71 EUU. Tooth Length 

Part Closed 
36 

l4 
.4253 

Yoko Depth Pcbg 
Net 810 	Wt g. ArQ a 

1.200 .362 Permissible if 
.134 • 696 Slot coast *Air 

5 .900 Slot Coast oWdg 

Rot pchg C c.Na. 	6.1.3 Rot II 032 	E ,.Tooth Width 
Outside Dia. 	6.295 	.075 	Eff,Tooth Length 
EU, 1.1). 	 2.437 	.954 	Yoke Dopth,Pchg 
No.o Slots 	31 	2.687 Slot Const,, 9g.Top 
Type of Slots 	closed 	.005 	Brie  a Tkaa. 
Bar 

DMtho 
h 	 .975 	.035 Depth Slot Mouth 

Slot 	Top 	. i42 	1, 235 	Slot Area Top 
Slot Pitch. 	o 	 .000 	Slot +Con s t ASr 
Slot Opening. 	.000 	•1 2 	Slot Wilth,Bottotn  
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&4MARY Q1 BASIC DESIGN CALCULATIONS P0LYPH8E INDUCTION M01US 

Design Number 	8.3..1 
Base obm# 	 5,2 
Air iteD 	 .040 

Ttal W2 .317 
%fuU 74.5 
coil pitd,p.u. 0611 
Eqniiv. CM/ 100O 41.0 
Equiv. 3.60 
Full dimension 7.27 
MLC 
Copper wt. 40467 
ri cold .0385 
VI hot )  P.U. .00886 
11 effect ,p.u. 

Pi 	 act 
.0201 
.829 

Eff sear conO/pa 
T 

F.Lole, 1C..1tnes M 1284 
Eff air gap 10466 
to core density 100,0 

Sta teeth density 129.3 
Rot core density 10109 
Rot tooth den2ity 77,6 
Air gal density 40.7 
AT 	 to øore 167.10 
AT Sta tooth 9302 
AT 	Rot core 0203 
AT, Rot teeth 11.8 
AT 	sir gap Total AT 

59414 
927.7 

Sta oorir1ess,1w 	.. 294 
Sta teeth loss 	.064 Surface loas.w 	.071  

React contO0p,, 
P.r*Uflit skew .U74 
Bta slot factor '6 636  
Sta u factor ,394 
Sla ekwfactor

sI factor 
224 

 2,30 
Pri leakage perm 3.7$ 
Rot bridge conatant .!1 
Rot slot factor 	). Ur 57 
I4ac rsact,p.u, 3.73 
Pri leak react, p.i1. .141 sea leak Teact1p,u. .082. 

1.104 Bar Factor 4561 	Iing 'ac tor 
.00767 ro  cold,p,u. .009 	r hot.nhu 
.276 	roe p.u, 
.3.71 App meg react p,u. 
22 	No.load amps 
.044 PriIr 

,191 ista s.ractbr 
.068 Ste. skew factor 
#360 Rot Bridge constant 
4141 not slot factor 
.227 Pri leak react,p.u, 
03? See leak reacts  p,u, 

#0227 Cold sea res,pu 
.0273 Hot sea roe pou# 
.1938 App look rot ran 
.857 App look rot react. 

• .87e5 App look rot ituped 
500 Lock rot, amos 

leak 	i'  *067 Goo  .! react_______  puf .. , 

80,260 watts input • 202 
96 Pri amps 

1.987 Sec amps 
Paw 1.490 Stray load lose 7 12r .960 

1.270 Core loss 
6.594 To 	lossea, KW 

• 100,08 HP 
.9302 EU 
.692 P.F. 
106?? RPM 
49,2 Torqua,lbtt, 
40108 CM/amp 

174,73 Cost of ton 
40.6? Cost of copper 
6i83 Coat of 
221.27 Total act mat'l,ibe, 
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ILECTRXCAL dNA0NErIC SPEC F `A:. OIUB FE POLYPHASE II DUCTION I TOR 

Design Number 6.3.2. 
HP Rating 100 
Lino Volts '440 
Phases 
1recuen0y 180 
Poles 2 FL RPM 600 

C gD S 
Gross Iron. Sta 

-ts 
6.500 

► Bta Duo .000 
Width Sta 	cts .000  
Gross Xron,Rotor 6.500  
No,Rotor Imo is .000 
width Rotor Du*io • 000 
Skew 	Rotor its US 
Shaft Material w 

Cost, b.Zro 1.00 
ost 	b,Copper 

0 Cost/jb,Aj m 0  

E rl 	iIi. 

Tvo"Phase Connections 
2 No,or circuits 
6 ctual TPC  
7 8 lid 	C and  .0871 Di a. 	 are 
.0602 DiLa Over ,ins, 
22 CoilThrowI & 
213 A o0 Puss Belt Angle 
.000 st. Fact 

so•o ucttivtty` 
C Bar 	xtension. 
S Bar Area 

.40 Ring Area 
3,7 fling 1.1), 
2,000 S.L. Loss 
1.0 F+ 	inRW 

Sta Pc hg CalC. o ~" 	taU *422 Tooth Pace, Outside D1 	,, 11.500 .20? Eff, Toothwidth 
6 WS 1.071 Ef.  '. Tooth Length 

ire of Slots Psi' . closed 
36 

1.414 
.4258 

Yoke Depth P 	g 
of Slot Wdg* Arsa No ,Slots .v 

Slot Depth 1.200 .362 Permissible Z2. 
Slot Opening 
$lot P t y► 

.134 .696 
.900 

$lot Const.Air 
Slot Conet,Wdg,  

Rot Pchg Calc,No, 6.1.3. Rot II 4,362 Etf.T oth 	iidth, 
Outside Dias 60296 .975 Eff , Toots Longth 
Zff. X.D. 2.437 ,0964 Yoke DepthPchg  
No. o f slots 

of Slots 
1 214 687 slot Cons t,W &Top 

Type closed X008 Bri 	a 	5 t Bar 
Slot 	dth, Top r 0 342 

.035 
*bass 

 3  	i 	1+~ 	Mouth 

	

Slot Area 	Top slot pitch .638 .000 Slot Cons,Air 
slot Opening. .000 .142 Slot W dth 'Io tom 



11.3 

SU}O1ARY (F BASIC ASSIGN CALCULATIONS P0LPBA$E XNDWTXON 1S 

Design 	b+ 	63.2. 	' 6 	Bar Factor Bass ohms 	 5.2 	.860 	aing 1actor 
Air g

aftch 	
.040 	, tiO7 	V2 0 3 o• p 1 u  

Pole i 9.95 	.0114 	3 bot,p,u# 
bt g. 

304 .352 
fl0,A1QAg 

71.8 444 + 	1030 res p.u. 
Coil p l]. 

App znag raactp. u. 
q 	,,r M 't 	0 5.6 

17 
.028 - load amps 

PrI Z2 	. EquLvZPC 3.00 105 -1,66d Full dimension 7.27 CYT ROTQR 
Copper, vt. , 44.14 

,292 
; me 

ta zzfactor 
Sta skew factor ri cold  .0339 .387 Rot Bridge oon3tnt  r1 'hot, p*Us .0091 1.082 Rot slot factor 

ri affect, p.ru. 
htch ., 0J.05 .109 Pri 	 .e 	react, p#u. factor. .042 Sec leak react, p.0 

Cold ceo rest p.u.. 
po 8! 	.nes 1381 

.. 

. 	'~: 
Hot aec 
App lock ~"As 

ff air gap .0466 .783 App lock rot react. Sta core den  80.8 Sta teeth densit y # 807 ok 	i, App lo 	rot 	d 96.4 . ~ Lock rot, " 	,  S 
Rot 	re d 	d I i82. 
Rot teeth de 	t. ° 	4r' Ai'r 	ap d 	ety` .9 ., a 	ea 	rear ' p u, A # 	a c a «►t .0 7 ec . le 	react p„ u. fir 	' 	R' 	too A core * 0 842 SFr. 	s 

260, 2 # tPM At b+ 	to A ,, 	t tee 9* sd 	ra T 	air gap }~ 

;Ial A 
48+~0,~,s1 

N ' 	
~ rr r 

~i{ 	+3 .0136 ~ 

Sat factor ~'. 080 l' i 	► 	,1' 	i 
Pri 	s 

core 	oss 	1 

	

Stec tooth los 	, 
. " 	1 
.044 

05 
.985 

see 	ps 
r+ 

Surface loss KW 4 .1.490 Stray load loss 
1068 see 12r 

j✓  

__ 	... 

saes. 	co 	yr 2.76 
 # 

Core loss  
Per..unib skew .0 e 	4 Tot loc oz, Ste slot factor 6 ,0 	3 HP Sty zz factor .570 .9315 Eff 
Sty sko i factor * 96 P 	, Sty► end factor 2. t 652 RPM 
Pri leakage p n. . 4047 49* To 	e,,lb.ft. 
Rot bridge constant. &76 459.3 CM/ 	. Rot slot factor 24 0 252. Cepst of iron 
Mag reac $ p.u. ,   '4.83 44 Cost o.R copper  Pri le 	+'aac ,p.0 ` 123 6. 	i Cost of aluminum 
Sec leak 	act,,p.., 303.20 tote. act 	t' 1, ].bs 



EL 	AL AND M0NETIC SPECIFICATIONSFC 	POLYPRASE 
INDUCTION MOTS 

to 	 L, 
 

Design Number 6.3,3 TwoPhase Connections 
HP Rating 25 1 No.of circuits 
Line Volts 440 6 Actual TPC  
Pwhaaoo 9a~a.a. 7 Stds 	o 	„ 
+h regnon 280 ,O$ 1. a 13 	- O 

• Poles 2 *0602 Dia. Over Xno 
FL RPM 20600 12 Cc4lth 	v I 

10 19 

CORE DMS 90,0    Ph.Ce Bolt Angle  
M900 Di , Ft kd 

GroInSt Go 
Ro. Sts Duce 
W dth Sta. Ducts 

*000 
Gross Iron, Rotor 6,500 
So,Rotor Ducts 0000 " S 	0 % Conducitivity° 
Width Rotor Ducts *000 .000  Bar Erten5 .on 
Skew, S Rotor Ducts 1 .135 Bar Area 
8huft Material Magnet c .440. Ring Area 

6.197 
3,687 

Ring ,0 *Do 
Ring I.D. 

Cost/lb. Iran 180 2,000 ,  
Cast /lb.Copper X+ 00 '1,000 Pdw 	1' 
Cost/lb, 2*00 

La pchg Laic,N6i  ~. 	~t~~ Tooth Face 
Outside Dia. 

~~ 
.20 9i 	 Tooth Width Gap Dia. 6,376 407.1 ff Tooth Length 

Type of Slots* Part closed " 1,414 Yoke Depth . Pchg. o« Slots.  3 #4266 Not Slot Wdg. A ea 
Slot Depth 1.200 .382 Perm Bible  

Slot Slot Opening ,.6 onatwAfr 
Slot ?Itch, &SS$ .900 Slot 'Co 	t,y dg, 

Rot Pchg ,Cal.c, No,w 6.1,3 RotIl. 03 ffect., Tooth Width Outside Dia. -6,295 ;976 ZU, Tooth LozAgth Efi'. I.D. 2,43? ,95 Yoko Dopth,Pchg. No.of slots. 31 2.887 Slut Cont, Wdg,Top 
ZeDepth 

of slots, closed .008 B ,dge 	me, 
.975 .035 	• D 	th 8lot MMout 

Area Slat dtb Top •142 .25 Slot 	,Top Slot Pitch *! oboo Slot ConstsAir 
Slot Openiflg, .000 + 242 Slot Width,Bottom, 
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SUMMARY CF BASIC DESIGN CALCULATIONS POLZPRASE INDUCTION 
MOTORS 

Design e'er 	a 2.9 	1►M Bar Factor 
ae abets 	 W,;R 	.860 	R ng taoto 

Air' gap 	 .040 	,0072 r' cold, p. u, . Pole pitch 	 t# 85  
Total ND2 0.304 
Coil pitch p.u* 

v 
.613 

E 	*X
1000 

Wa8 
F  d men ou 7 
MLC 264,28 Copper wt, 44E 
rj o 	p.ui .0091  ~y 

~~fe of .0 205 
0819 `,pitch factor 

serconds/nh.  

a, 	- 	nes ao + 	f 
Ef't 	 r gap .0466 
Sta 0. 	a density 40,4  
Sta teeth densI y 48.2 Rot core density 1. Rot teeth density  31.3 
Air gap den at ty 16.45  
AT, sta core 30.5 

 AT 	Sta te 7.7 T, Rot core 10.4 
AT,, Rot teeth 4* 
AT 	air gap 
To l 

240.0 
20.1 

Sat factor, 

Sta ctr~ii lose, 1W 	.045  
Sta teeth loss EW 	,010 
Surface loss, 1W 	.030  

Bract comstz3O0#;p*u. 2076 
8 a ~t ~r 
Ste s factor 1.206 
Sta ear factor ., 4 Sta ød factor 30 . Pri leakage perm,, 4** 
Rot bridge ccnstsnt 1.30 Rot slot factor 2, 
Ileg react P leak reaet0p*u0 . 0" see leak react,p.u, .097  

0,6 Fe lose rree pau* 
5002 App an react p« u 
4.1 	Uo*+l~ amps
0. 	' 	r 
1.284 NQ..load 1W  

.a zz tactor 
2 Sta skew factor 
.'9 Rot Bridge constant 7? Rot slat factor .117 PrI. leak rea+ t, p. u» 

-.083 Sec leak. eact,p.u.. 
9023 Cold  see 	es,p. f . 

.0 Hot See res prui 

.780 App look rot re s. 
3,53 App lock rot react.. 
361 App look rot imped 
1 Lock rot. amos 

0084 
19 
20175 

'K 	TO RU 
 leak react 

000 look "act p.0 . 
Pri amps 	. 
RPM at btu tor q. 

.0343 
JL LO 

blip 

20,810 L. watts Input 

26 Pr 	amps 

.988 
.373 8traylod loss  
291 

ra lose 
£2.054 bt losses ,KW 
25.01 .8962 
106 RPM 

3 Torque,lbft 
881.4 CM/amp 
252,39 Cost of iron 
44.14 Cost of copper 
60 	' Coot of aluminum 
3)3.20 Total act mat'l,lbs 



Ito 
8ThMARY OF BASIC DESIGN CA ULATiONS 'OL PHJ E 

1!ThtET ION MOTORS 
Design. Nunber 	6, 3.4  
Base oh!$M 	 5.2 
Air gap. _ 	.040 

coil pitch 	4, 
,.C14/ O0O 466  

Equiv..TPC 300 Pull d1mensi 7.2? 
MLC 16,20 
Copper• sit, 	.. ~€4* 
rz cold .0339 

hot 1 

# effec p.u* 
tactór 

,020 
Pitch 

s ' " ser condo/ph. 
...319 
79.6 

tee, pole 	1nos 1331 
Eff air gap *0465 
Sta core density 80.8 
Sta teeth density 9644' Rot core density 82.3 
Rot tooth density 62.7 
Air gap density  
A& at 	r feet 7040 w 
AT, 	a «0 

Total AT. 

CORT 
a core 1os,1W .151 . 	,. 

.Sta. tooth loss 	KW 
surf '*o.' loss. .060 

' o 	t constr lO,pp,u, 2.76 
Per-,- 	it sk+ w .014 
Sta slot factor 
Stazz factor 
Sta  sk 	factor 039 	e 

.$taand factor . 263D 
Pri leakage perms,, .'4? 
Rot bridge cozen .760 
Rot ' $lot factor  
Hag ;react# p,u. ' 
Pri leak react,p, u4 
8e. 1e nk react.n..1i .090 

1.673 Barractor 
1.682 Ring factor 
j 33l r: 

.362 F. loss roe p.0. 4.84 App mcag react p.' . 
1701 Ito..l 	d amps 
.028  i Z2 r 

1 z 	ao 	r 

O = statkew factor 
404 Rot bridge crnctant  

1.422 Rot sll.ot factor 
1.09 Pri leak reaot,p.u. 
.052 Soo leak react,p.u. 
.0393 Cold 	oc res1p.u. 
404716 Hot coo -ras P uO 
*294 App lock rot re g* 
.840 App. lock rot react, 
0890 App lock rot itped. 
494 Lock rote cps 

.112 Pri '.u. 
*072 Sao leak resat p.u, 
*so Pti .amps 

8906 RPM at ' _ tore, 

82,232 ,K watt 	Input 102 pri amps 
oo amps 

1.490 $tiay2ioad loss 3. c see 
:9 Frt. 1 
.996 Coro loss. 
1.721 Tota 103608#1W 
99,088 1IP , 
09060 , UT 

9148 28.  
10357 E~1y, 

50,6 A h q e,1b4i1., 

"609 CWT 
252.39 Cot of boon 
44,14 Cost Of copper 
4,00 Cost of aluminum 
300,39 Total, act rat'l,lbs,. 



H? 
SMWRY OF BASIC CALCULATION POL I,ABE IMMJCTION MOTORS 

Base-ohms 4 ' 1782 Ring factor 
Air gap 0040 *02096 r 	t 	,p 'a. 
Pole pitch 9.35. o p.0 

8PEC 
0 a 
full 

6396 A° L0 
I 1085 a OS 	U~► 

App 	react p.u.. Coil pith,~p.~ u 
Equiv. 	f1+0R 

X1.5 
9208 

5,02 . 4,1 
o&& .o 

ZJo...load amps 
Prt quiv.TPC 6.00  ffo 1oa6 KW 

Pull dimension 7,27 
LC 
Copper wt. 

16698 *433 . ao 
r(L Z 	ao 'or" 

8 a straw factor ri c014 
•u091 ,514 Rot Bridge constant 

rotop 	•°u,~ , 10516 Rot slot factor 
V 	Mffeot 	,gin. 
Pitch factor 

+00105 
4819 

o ►+s .063 
Pal' leak 	eao .,p.u. 
SOC leak rea t,p.u. 

*04'x'-1 
1.174 

no's 000 	0 0, 
A.p look rot 	es P1==7Apolq'Jx-Unes 690.5 3.749 App look rot react. Eff air gap *0466 3.930 App look rot imped Sta core dent 

Sta truth density density 
, A 

48.2 lu 8  . Look rot, 	s 
u+L. Rot core density 4 . 

®re 
Rot tooth density 
tir gap donsity 

31* 
16.46 ' ,a 	x a+a 	.' T 	bta 

AT, Sta toot, 
* 	' 

7.7' 9029 
i 

IUM at tad torque. AT t Rot core ;: . 
AT,Eot teeth 4 
AT a.r 	op 
Total AT 

240.0 
29301 •0430

i.asi 
' 

lCattc 1rput Sat factor 97 
26 
.966 

Pr I 	,s 
as* amps F 

	

OR 	8SL3 
► core ._oss 	W 	*04 

• 
Sta teeth lose KW .0 .372 Stray~oad loss surface 1ouu,, .0 .897 

age a . r Core loss 
ieac - oonstxlbô,p.n.2,?6 2.749 Tot 1os os,Mf 

?srunit skew ,.9 LW 
Sta slot factor 1206 .8713 Eff 
St 	zz factor . 0012 P.F. 13ta skew factor 0424 3Z33i3 • Sta end factor 2.30 12.7 Tonpol l . " * ° 	Fri leakage perm. 4,49 866.1 cm`s 
Rot bridge constant 252639 Cost of` i ron  Rot slot factor 2,53 44.34 Cost of copper 
Mag react# p.a. 5.05 4.00 Cost of alutninum 
P21 leak reaot,p.0 ,124 3®.39 Total act mat'.], lbs 
6*0 leak re ,at,p.u. #097 



RATING 
Design e'er 6.4„ 1 75 reonduatIvitytor Temp 0C  
Type of Motor Perm.8plit 0 
HP Rating 100 .15 Bar Area 
Main Phase Volts 440 ,,000 Bar Extension 
.Aug., Phase Volts 440 I.3 Ring Area 
`regt~aney 180 + , 18 Ring O,). 

Poles 2 3.687 Ring i•D.* 
8L RPM 1t? Soo 

 
115 Skew % Rotor Slots 

Gross Iron 4, 2, 9 Stray Load Loss 
Shaft Material t 	netic 1000 P 	W at syn RW ,Watt 

r 	WIN 

Outer Coil Span(Teeth) 
le 	

Coil. (Toe t*) 
',AFC Outer Coil Outer 

TPC 7 8 TPC 
7 a vC 7 

.a Std s 	oar 
7 ,00641 a Bare 

td 	ond, .6 •0673 Dta over ins 
Dia Bare ,O 6l 2 No of Circuits 
I a over Ins. .0673 ,00 Stg 	`D 
No.of Circuits* 2 183 Rog « 	'D 

Sta Pchg Calo.No 0.1, 2. taXI •.422 Tooth Pa+ 	, 
Outside Dias U. 500 * 	E)7 8ff, Booth Width  
Gap Dia.. 8.375 1.Ofl Et. Tooth Length 
Type of Slats, Part 	loe •l414 Efto Yoke Depth NoRof Slots* 36 ,X42 • Not Slot Wd „A ea 
Slot Depth 1,200  ,3 Permissible flD 
Slot OpEming 0134 .696 Slot Const,Atr 
$lot Pitch, .556 .900 Slot Con sti 	g, 

Rot 	Pehi Cajc,No, D a, 640,3 Rot II #382 8ff, Tooth Width Outside 615 .975 Eft. Tooth Length Ett' l.D. 43? *05 Yoke Depth Pchg. . 	.of Slots, . 31 .2687 Slot. Con8t„Wdg.Top 
Type of Slats. Closed .005 Bridge 'mss, Bar Depth *976 *035 Depth 	Slot Mouth 

Area Slot Width Top , X2 .135 Slot 	Top, 
Slot Fitch. .638 .000 Slot Cons,, Mr. 
Slot Opening. 0000 9342 Slot Wi.6th,Botorn. 



Y 	~ 	~ • -~ 	.~:. 4~~+ 	,~ ! ..~{ `his 

Det $l. Number 	6. w► 
Base Amps  169.6 
Base Obits 	 + 4 
Base •member 
MAXW F ►G__ 

Winding Factor .7M9 
s.cnd, 93.04 

MW 18,11 
r],,,. Cold, Ohms *0436 
r Hots PU .0200 
Comer Weight* 22.94  

Winding Factor 	.862 

R
t o '~e Coeds, 	1 

MW 
Cold , Ohm 	.0386 

!la Hot, PU 	X903+, 

FuU,Siot Eo, 13. 

N,5 79,8 
No,.6 79.8  
Ne.1 79.8 
No,B ?98 

• No.9 83.8 
1040 .000 

.04 

.0466 
99.9 
'U9.1 
$1.6 
GD*7 
39. 	• 
2,286 

8ATAT QtL.  r trap 
Etf,&tr Cap 
Sta Core Density 
Sta.. Tc3øti Density 
Rot Core Density 
Rot Tooth Densitj 
Air Gap Density 
Saturation Paces 

70 React COnt x 200 P 
x.142 PU Skew 
10.4 Hag ?erm. 
.734 Ste. slot Perm 
0394 Us Zag Porm. 
.272 8ke i Perm. 
.76 Sta. End Perm* 

x10 Rotor Slat Perm 
1,320 Rot Bridge Constant. 
9.08 Mg Roaot,PU 
.31 Ste, Leak Reat9 PU 

.it Leak React., PU 
923 Pr Flux Censt.KK 

*024 Res Const x 100 
1,104 Bar Facte~r 

1 
.038 

Ring Factor 
t 	P 

1663 W F 5,85 Al, Wgt 

main Wdg Amps 186.4 303 flD, 0 	Ft  
Aux W g Amps 210,2 .000 M 
NL 	iips 
NL Watts 

280,7• 
29O 

4000 
#000 

true, ue 	Oz Ft. 
man Wdg.Ampe. 

Aux Wdg Volta 791.8 0000 cap Volts Cap. Volta 3.018 0000 Aux. wog Voltz 
,*000 He n We g Amp s 
*000 Torque # Oz Pt. 



140 

L QAD  , .Mr► 

1 161 
. 

hm MOL, 
Skew2 Forward 

Sa+ 14 Bard 4056 .570 
kezm. 

ROt S1t ,peen, 	, .. 
Core Loss 21?. .000 Rot _Bridge- Const. 
Fit Loss 992 .298 Sta Leak React. PU 
StrayLoad Loss 1493 .079 Rot Lak React, Pu 
Total gases , Watts* 10881 .0548 rg riot 	P3' 
slip .0071 .0140 Rain Res Hot 	PU 
RPM 10723 *378 React .«t 	o 

Aux 	ROL PTI Pull Load, 100.11 .0720 XO8 
Au React hti Tor+qu.,0z 	t*  784.9 0379 

FL Am s 250.7 .000 Res, Cap 
Main Wdg Amps 33.3 

3 
x,000 Can React PU 

tit Wdg 	 p ' 3, Locked K acts. 
Main Wdg Watts. 2542 3.2B Locked+ 	c ue,,Oz tt. 
Au Wdg Watts 59790 87902 Locked Ames 
aft .8728 439 Main bldg Ampø 
P .F, 0 776 439 Mix Wdg Amps 
Cap Volts 7" .000 Cap Volts 
Cfl/Amn 465,8 440 Aux Wdg Volts 
ManIdg Amps1 226.4  

at 3D' 



1 2+1  

-- 

toign Number 640 7$.0 otor  
Type of motor lvo..valuI 263 Conductivity 
UP Rating 100 „8 Bar Area 
main Phase Volts 440 .000 Mar Exton 
Aux. Phase Volts 440 4, 288 Ring Area 
Frequency 280 s# fling 0i1) 
Poles 2 3.687  

Skew 	Rotor Slots, 
Gross Iron 6, 2..00 % 6traY Load Loss 
Shaft 	 ater al Magnetic 1000 , " & W at syñ.RPMWtti, 

outer 	ot1 S 	eeth)Z7 3.? Outer Color Spfl(T th)  
pa Outer Coil 10 22 IN Outer Coil 
t 

TPC 4 
TC 6 TPC 5 •O6i Dia Rare $tde,ond, 7 '60073 D1..a Over In Dia, Bare .061 2 .octrcuit.. 
Dia Over iri,s .0673 ! 
No.of 	

g~ 

Cir~W Ys 9 125 . 

I_L_, TOR l 	H.iN4 
r~rw 

$ATLt  PU C1;ING.. 
- 

Sta Pchg Cato Nov 6.1.: Sta,ZI • 22 Tooth Face 
Outside flia 11 	)0 • 7 Rff• Tooth Width 
Gap Dia 8.376 1, }' Etta `nth Length 
Type of Slots Part. closed 1.434 E, Yoke Depth 
No. Slogs 31 .42 Not Slot Wdg.Aroa 
$lot Depth 1,900 .352 Permissible ND 
Slot Opening * Z3 • 6 6 $~ilot C+rat. ~Mr~. 
Slot 	 tab.. .556 . Slot Coii t.

t 

dg* 

R 	iR +UN R P ~ 
irk 	r11M~rf lPrlIr1Plwr~r 	 rAlf RC1,T, 	.XW01KQ r 	r 	ui 	Ir7^IW 	 ~i 

Rot,P+ 	g Calc.Ro. 6, 1.3 Rot ICI . Eff,, Tooth Width Outside Dia, 1ff,Tooth Length 
8ff, 1 .D,, .437 1,8 Yoke Depth 0 Pchg 
No#cif Blots 31 *530 Slot Cyst Wdg1Top 
Type of Slots Close 0006 Bridge ins, 
Bar Dot Slot Width, Top .400 „3 . D 	h 	Slot Mouth Blbt Area , Top 
Slot Pitch 0000 Slot Cot Air 
Slot Opening .000 *387 Slot Width$ Bottom 



I.Z.2 

j gjj 	♦ 2 Base A S 	~.6 	•04c 	air QAp 
Base Ohmo 	2.60 	.0466 Etf. Mr Gap 
Baee fiber 	.1.00 	9608 	Ste, Core Density 

62,,E 	Hit Core Density 
ndi 	act 	 109, ~ 	Rot Tooth Density 

1.25 saturation Factor 
v' ,, Coldt Ohms 	00249  

I t P 	1M 	3,8 	c , oris. 	0 PU 
opper Wo t 	28,18 *0 42 PU 

1 *2 Nag Perm 
Amç.WXNDINO 	 1.031 Sta Slot Perm 
i% nding PaotAr  
ft.8eries 	66,5 	 Sta End Prtn a Ratio 	 439 	Rotor $lot Perm 

Cold, #mss 	.9920 	.426 	Rat trill a Cons t 
rj Rot#PU 	2. 	 6 283 	Sta Leak. Reactance, p'U Copper Weight 	 0062 	Rot Leak React, ,PU 

X041 	Pte,. Flux Cont 1f 
. 	 RT, RLI4 

	

F U,Slot No... 73.3 	.897 	Rs Cont _x 100 

	

.2 36.6 	1.813 Bar Facto 
1 o.3 3+ +► 6 

 
4,34, 	Ring Factor 

	

NoA 67#0 	.0636 legHotit PU 

	

N0*6 87.0 	22608 Fe Wgt N04, s1,g  
3.23 	At Wgt Na71i 

No,,8 81 
No.9 87.9 
O- *000 

Main Wd,g maps 	e *̀ 	 2 	SDT Oz Ft 
, A Wdg 	 :,O 	208 R 

r, AWDI 	93,9 	2120 	Torque 02 Ft  
Waite 	Main 	Amp 

Ax Wdg Volts 	, 	~70 	a Vol
ta s 

Cap Volts 	7` *4 	30? 	Aux,Wdg Volta 
611 	Main Wdg Am s 
:294 	Torque, OzFt 



ijh 

Prt 12r .316 Zig. Zeg Pr 
See 12v,Porvard 2829 0 1 3ki Pevm  
S,00 Z2r,Baciward 647 044 Rot dot Perm 
Core Loss 1883 .000 Rot Bridge 
PI Loss 964 .166 Eect, Sta Leak 	PU 
Stray Load Loea 1490 .033 ot Lcak 13euc3tPU 
Total Loosest Watts* 8468 .0677 V2 Eat, PU 

Main Rea .0353 .0784 Hot Al 
RPM 10418 .200 	. Main React PU 
*uU 'Load 991.89 

80661 
0 

lborquellOs U.. ABO Aux React, U 
L AMPS, . 192,3 .047 Cap Res, 	U 

Main Wdg Amps 
Aux Wdg imps 

194.8 
85.4 

.681 
16,7 

Cap React, PU 
Locked 1t4Watts 

Main Wdg Watts 64363 570.? Locked Torque ,0z Ito  Ax Wdg Watto 28675 517 Locked Amps 
.8960 786 Main Wdg Amps 
1981 311 AuzWdg Amps 

cap Volt 604 605 cap volts  CM/Amp 460.7 190 Aux Wdg Volt }fr4n Wdg Amps at 3DT 433.2 
RPM at 	T 948* 

)4axinium starting 
Tcr qu 

Angle 79.3 
5032 

Amp 2088 
201: 

14ID 1660 
}W 	 500 D 	

(Actual MFD)  

maximum Starting 
¶Lrquo Per Ampere. 

~i s  

T*1;c] 

1271 
(MM for SVi tohing) 
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E TRICAL AND MAGXETIZ SPEC if ZATI)NB ' SINGLE 
PHASE INDUCTION MOTORS  

Design N' moor. 6.4p. 75,0. Motor Temp o 
' 	of Motor Two value 26, 3. % C onduo 	.r , 

Rating HP R , 25 .135.  Bar Area 
Main Phase Volt$ '440 .000, Bar Extension 

x,Phase Vast$ 440 .185. Ring Area 
ProquenOl 180 6, 287 Ring 04),  
Pales . 	a 3.687 Ring I.D 
)L RPM . 	1+0 600 s ~ Sk 	Rotor Slots 
Gross Iron 6#1 ?.0O % stray Load Lose 
Shaft Material Magnetic 1000 F 	at nyn RPM$ Watts* 

~G 
t 	ltir Co . 	an 
TPC Outer Coil 

(Teeth). 1? ►' 	. ~ 	pen(Teeth) 
° 

20 19, TPC Outer C 	l 
TPC 5 TPC 

5 6 	. C 
TPC 5 i C

~I1~ 

C 5!~iI! ., TPC 
TPC 

~q 

un,! C 5 r TPC 
+Q' 5 7 S oXond 

*0641 Pta Bare 
Stds/Cond, .7 .0673 Pta Over Ins • 
Pta. Bare .0641 2 No,of circuits 
fi.a over Ins ► .0673 500 Stg. M 'D 
No.+ f circuits 1 125 1 D 

Sta Pchg Calc.N , ° 6, #2 Stan .422 Tooth Face .. 
Outside Pta, U L O .20? Eft' Tooth Wjth 
Gap Dia, 64376 24071 , Eft' Tooth Length 
Type of Slats part* Closed :4414 Eff Yoko Pepth  
No, slots .: 1. .4255 Not Slot Wag, Area 
Slot Depth 2.'m? 

en 

 
Per sible 1P2  si l 

(o Slot 	i . ~ ,(6 Slot 	t,. t 
Slot Pitch, , .900 slot Cc 	3towdgo 

hot 	3 thg Cabc No* 6,1.3 Rot . XII 	*224 oot.i W Itht 
Outside Die. 
EfI.D. 

o 64,298 
2.437 

0 Eff Tooth Length 
f 1.528 Yoke Depth Pchg 

o,af clots . 31 .S0 S1otCont, Wd,Top  
Type of slots closed . 	.005 Bridge his. 
Bar De th .400 .035 Dope 	Slot mouth 

Area 	'ion Uot WidthoTop .357" 4 1,36 Slot 
Slot Pitch *638 .000 Slot Con t 	Air 
Slot Opening* 0000 0367 Slot WtdthlBot sm 



W nding Factor 
aft. series condo 
MLC 
rjCold,Ohms. 
ri Hot# PU 
Copper Weight 

.738  
132.9  
18,11 
4996 
..O1 4  
250 7'S 

Winding Factor 
tt Series Cond  

a Ratio 
,C 

13. oid, Ohms 
na Hot, PU 
Copper Weight 

8Th4WRY OF BASIC DESIGN CALCULATIONS SINGLE PHASE 
ZNDUCTION t44TORS 

Design Number 	6.4 
Base Amps 	42.38 
Bass Ohms 	.4 • 
Base NLlmbor 	1.00 

.04 -  t 
.0466 2tf,A .r Gap 
48.4 sta Coro Density 

.7 •Sty. Teeth Denstt3r  
1. Rot Core Density 

64.6 Rot Tooth Density 
18,9 Air Gap Density 

,L% Saturation Factor 

~S 

3.85 React COIASt x 100 PU 
*074 PU skew  
193.8 Mpg Pern  
1.031 S t i Slot Per 
6 20 Zag Pam 

,439 Skew Perm 
2.762 Ste. End Perm 
1.889 Rotor Slot Perm 
*799 Rot Bridge Constant 
7.46 Mae React Phi 
.186 Sta Leak React,PU 
.073 Rot LaaOs ct PU 

Fluz COlst .948 Pri 	 1CC 

QT 	II&TAN1çE 
% Fu1]. ,$1ot No.1 73, ,+mow 897 Res Conat x 100 

IT04 2 36,6 1 573 . Bar F actor 
No,.3 3,6 4#34 ~~j Ring Fact 
No. 670 0 #0636 r2 Hots P 

Roos 67.0 .225.8 FeWt 
No.6 81.9 3.28 AlWgt  
90.7 8140 
No. C slog 
No ,9 1.9 
No, '0060 

......w.w...,r 

ZI &I is 
MainWdg Amps 34,? 361 BD 00z Ft 

tx 	+ d Aml; 83.6 8208 RPM 
NL Amps 
N1 Watt; 

81.4 
3856 

5 
95 

Torque 	0..% F . 
g Plata W 	Aznpa  

Aux Wdg Volts 284.3 582 Cap Volt 
Cap Volts 891,4 281 Auz Wdg Volts 

132 Main Wdg Amps 
279 Torque 002 	t* 



80,6 Angle 

Amp 

so 
WD 

3740 

9203 	 347 

SUMMP1RY (F 8A8IC DESIGN CALCUL4TXON8.8mGL PhASE INDUCT 0h 
MOTORS (CoNTI ' 

LL L0A 
Pa'i 12r 167 .603 Zia Zang Peri  
See 12r, Forward 700 .413 8kei Perm 
See 12r, Backward 2 5 	, Rot Slot Perm 
Core -Lacs 426 .000 Rot bridge Cont .. 
F&W Lass  96 l81 Sta Leak Reaeto PD` 
tra& Load Los 373 Q48 Rot Leak   React#P 

Total Loesee 	etts* 2 ,067 
~D3 

 e s P 
p .0782 Min Rea diet 	PU 

React h1 RPM 10437 *230 Main 
% Pull Load 100.16 .03U Max Rae Hot 	u 
Torque! 	z Ft. l.7 ' 82,9 

401: 
40219 

Aux React P? 
Cap FL A~ a IRee~ 	'i 

Main Wdg Amps 2348 1► Cap React 	PU 
.Nt Wdg Max 	.Amps ,0 67,1 Locked Xtte 

main Wdg Watts " 6018 ' 256;6 Looked Torque, Oz Ft 
Maxdg Watts 18878 " 938 - Locked Amps 
Eff 8 ' 1 Main bldg Amps 
P.F. *SDI k 	' Mix Wdg Amps 
Cap Volts 4 i dap Volts 
C A 2094 227 Max Wdg Volti Main Wdg Amps DT 88,0 
RPM at DT 9561 

a.rm Starting 
Torve 

Maximirni Starting 
Torque per Ampere 

500 	 1029 
Actual D) 	(t4FD tor S witching) 



2 

1Z1? 

Alt t 	 drz 
--- w,z 

} ~ 

di  a,3 d 	Wr3 !   

_\rl3  

P(3-G-I-LETTER SYMBOLS 1O SRT3Z S!?S 

d 24 	 d z 

\G. 2.- L~.TT1 SYMBOLS f 4R. 	 oioc SLATS 

D . IL GURU 



\ \ \\ 



3'.OT `.. ONSTA.NT FOR W 1 4D I NG 
PofTION OF FLAT TO`CTON SLOTS. 

i•B r•9 2<0 2.1 2.2 2,3 24 2.5 2.6 2-7 2•g 2,9 30 3.! 
.5 	.6 	. 	• 9 	.9 	j.o 	I.! 	1.2 	/ -3 	1.4 	I.5 	!-6 	1•7 	l•S 
'I 	3. • 2 	3 	r4 	3.5 	3-6 	 4 3.7 	3-8 	-9 	- o 	4. l 	4: 2- 	r4 .3 - .4-4 

Wid 	Slat ltd 0  k„/71  

W c14f-  of s /of a-/ ho om 

D-K•6uPTA 

.. 



f- a 

A 

2 

N1(TQ 	1D1_S 



.31.- 

4 

l a. ruiirw  

?.i.Pay#aU1 . Coiroc on. 

8o4.es Cørrnectton, 

7.3. Wajgt,. 
7 4, 'P  . Capacitoi's. 

Appondlx$ CaicnLatton of .Accelerating me. 



P 

The performance of thre.phaae,to.phaso id Single phase 

	

d,rsignsrd induction motors have been 	cu].ated in eo ion «►6. For 
the performance following irves have been draws 

) 2orqus ye„ speed (S1fp) 
(it)load current vs. speed (slip) 
3 	Power Factor ors« Speed (slip) 

(iv) 'Kw Znput Vs speed (s p) 

The ttgures Which rater to desta ares 
FLg, 73 correspond;  to Design Cab, No. 6,2.2, 
Fig, 72 a 	0  0  0  ,2.3, 

g 7. + 	*  3.2 
Fig. 7*4 t 6*3, 

.i,7. " 6,3, 

Fig, 7,6 " N * 6.3.8 
pig,* 7.? * 	* H 0 6.4,2. 

Ig♦ ,  H +ro 

 
N 	tt 0 0 4,3  

From the above performance curves and sunnitarr of basic design cal 
ulations the follower comparison Its made* 

4 3 Phase 2uNPbaae single Phase 
1. I. 

Design No. 602.2 6,3,4 6.42. 
NO LOAD 

ap$# 0 37.1 0309 
LWatta 2.6O 5,760  
P.1. 0.1611 O.1Ag 0.34 logo 
Capacitor 727*4 'dale  
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?U L LOAD 
Amps 
X.Watts 	;, ♦ „M r 

R.P.M. 	20674 
Ef'Ti c envy .9272 
F.F*of Intor,8?6 

Corrected p ' . 

102 
82,22 
103' 
109003 
*914$ 
0*7 .1oad  

192.3 
83.039 
10419 
*sow 

0981 

0.61 1ee 

F.L 4Torqu s 49.2 
lbs. ft. 

B.D.Torquo 
%FL« 

L.R.Too 
% FL. 	94, 

HP 	100000 

* . . 71 

99,86 	i93  

Design No# 6,2. 3, 1 5 6.4. 
L.EJmp 128 . 238 
L.R.Tozcius 9,8 15.6 15.0 

lbs.ft. 
L OR. ,P.P., o • 3 z to, 0.3 lag D, 	lead 

— 007 lead 0.65 lead 

Tic israt mer. 	20sec, e* 8 soa* 

?,3, 	XGIL 
Copper,lbs, 36 44.4 25.78 
Xron, lbs. , 259639 6l 
Aluminun1bs 5,65 6.6? 3.23 
Tot$ .,lbs,, 	197.49 	303.20 	25.8X 

Zn single phase and two phase induction mot e p. t,, #apa - 
x nr uçetq t 



dips and in the running condition to Improve the power tac or, 
For two-phase  0980 then I e 160 KV 1 440 V3.pbase,60 cycle 

p..f* capacitor. in 180 o7cle circuit 2.,300#01  440 V capacitors are 
needed. Theao transXorratton of frequency is done br  the 100 VA 
frequency triplex', The whole arrangement has been shown in g.7,9, 

For 8g2ephaao case there is 180 KV4R 440V,. 3.pbase, *60 cycle 
p P. Ispae$tor, Zn 180 cyc3e circuit there are 
2..350 PLO 	(440 V#  continuous 

(640V,  I mm 
and U126014 	(604 V., continuous 

(640 V, I 
p.f. capacitors, The male arrengoment baa been ohown in fig,? .10, 

Refer to Design + c. Na.6,,3. and Fig,  7.4 
WO compreaser a 3 - t ive 

	

V motor" 	0  IT x (6,2953 * 6.5 x 2,83 
67.4 lbs. 

	

motor 	( 	 *0346 ft.2  

	

WI2  Motor 	* 57.4 .* •0346 = 498 lbs. ft 

	

Total W 2 	4, 	bs. t . 

Compressor Tort e 1 2.8 3.76 6.5 20 33.5]42S820. 22.0 
Jcclg.Tqu. 	is 13*0 U.S9,5 740 476 3.6 2,753.75 4.0 
f  „ ' 	*7 , 	- ,8" 	1.05 1,43 2.0 2.86 3.63  267 2,5 

wirr 

8 
Acolg. time upto 30000 il, = 	3000 1.8645 4x30.2 see. 
Similarly accelerating g time for other cases are determined, 

	

6.3.8 	 26. sec. 
6,2 	 sec. 



TORQUE 14  

- 	 : 	 K.W. /AIP1JT 

o.oHJ.  JJJ 
550 220110 

5 5Q 

 

fOO HP, I J O'i'HOV. 
3-PH.A CONNECTED 

INDUCTION MOTOR 
(PARALLEL CONNECTION) 

DISIGN AO 6.2,. 

V 

IV" 

•t 	io 

3 150 6C 30 

1OQ 10aQL 	 T::TTT 
I 50 Zo to 

nfl (1 

1 

/ 

I 

7- 

10 	.9 	6 	1 	'6 	5 	 .3 	 SLIP 

0 	f'0 	?.16 	5524 	4L 	1O 	('4 8 	75 t7, 	64 	'72 fO-OX  fo 	- 

fIG. 7.3. 

/2/1. 61  UP TA 



/8O `/s„ ti40 V 
3•-PH© CONNECTED I/VDUCTION MOTOR 

(SEA /t5 CtpNVFC r©N) 
, DESIGN 	NO. 	.2.3.   

TORQUE 
J -- - 	K. W. INPUT 

q c~ — -- AMPS, 

600 	f 

550 220 [to 

1' 0 500 200 100 

450 180 90 

e 400, 160 80 

'7 350 /40 70 

- - 
- - -j ( 

16 300120 GO 
- 

4~ 	` 

-. - '5 250100 50 .-4-  r 

'4 .200 80 40 r i 

'3 150 60 50 

'2 loo 40 

'!. 50 £0 10. ,~t ~' 
4 Q' 

0 0 	0 	0 ► A 
1.0 .9 	8 .7 	.6 	.5 	4 	2 	a -SL/ P 
0 !'08 	2 16 _ 	324 	4.32 	5'40 	6.48 	7'56 	8:64 	9.72 	10.8 x I03i 

• -SPED 

F/ &. 	7.2 
D. K. GIJP TA . 



1)7 

180 ci? , 440 V. 

TORQUE z=pN. I. Mo roR 

3 K.W•P_UT 
_._ ,AMPS. 

4 x ~........ 	P-F DI3n No 6 3•Z 
oo 	X20 

550 22D llo  

13 Soo 200 taa t ` 
- 	 / 

4 ASn lko 90 P F 

4. 40o 160 ga  

3S0 44a Ta _ 	.._~ 	 _  

30012060  

r5 26DIAA So_ . 

.4 200 ao 40  

.3. 15o 6a_ 3o f  

.2 loo 4d .a  

-5o .2o 10 

0 0 0 0 
1-0 	•9 	$ 	•7 	-6 	-5 	-4 	3 	-  

0 	f -o3 	2.1-6, 3-24  b -32 542 6.48 76 	864 9.3-2 	lo-v"1 s  
F15. $o- 7.3. 	 0 K. G u PTA• 



'I- 	 TO 

~t5t? 

11 3  

i•o t0c 50 2,.5 

.9 90 

•e s04aa 10 

S 50- 

•4 

t. 0 	• 	•is 	-7 	• 	5 	4 	L 	. 	a -s 51-I 

0 tD 	)JG 1.14 4.32. 54C 4•4B 	.64 97i Icy; tci-•SPLLO 

7.4 
...UPT~. 



.1309 

!OCf/p '80 c/  440 V 

2 P YL /NDL'CT1OiV M0TCR 
(PA. PA! ! EL "CONNEC 7/ON) 

YL 37g NO. 6.3.4. 

Wv INPUT 

	

o' 	 ---AMPS.  
----Plc 

600 4 1Zo 

550 Z' Q Ito 

500 $00 fool__, ,~ 	 ,~,• °~ ', 

"9 450 186 90.  
t 

	

8 4Oo 160 80 	 - –  

~  t 

	

7'35014060 	 ' 

300 /O 60.. 

•5 ?,So too 50 	 0 

'3f50 60 30  

Z 100 40 ZO 

f 50 20 fo 

0 108 e16 34 4'32 540 648 1*56 e6' 9'72  
—~►- SPEED 

FIG. 7.5 

D. A'C GUPTA 
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100 /i,9  fee) , " 0 
1- 0./A/DucT/ON A4€ItOR 

(PAI?A1L co/v/vtC ricA') 
D&S/GN NO. 6 . 

d 

I- 

I 

411 

h— 	TORQUE 
kWJNPUT 

K AMPS 
CAP VOLT 

NJ 

CL o 

700 

I 	4 

Y147 10G co 

i 5 0 150 50 20 

4100  

SLIP 8 	7 	' 	5 	 5 	 1 	0  

0 	108 	2' 	'1'32 5'O 6"8 7 '56 	6 	97Z 108 X fe SPEED 

F/s. 7,1 

D.K.GUFTA. 
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Qrm 
2 

1-0 J41OT 
SERI 80 

No. 

10 

150 

So 
to 

/ 

/ 

o 
0 

5000 

F/G 	8. 
1000 

GUPTA 
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z 
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z 
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U- 
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z 
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From the designed aching$ it is es that "Comparative 
D.sit ' process helps a lot in saving time in desiring most econ. 
omicail4+ uigns. The tarn s have been used to their maximum +ate 
acity giving rise to a vinimtn weight. When the deem s are compared 
it is soon that they have got high etfia .encies, exceilent p,r*  and 
gives best pertorDancQs, lbe accelerating time i s w U with in peso 
legible value* The whole bøauty Of the method lies in the 9 derived 
relations of Seotien l which makes the design simple for typical 
accelerating torque curve of drive. 

The designed induction otors are showing the best po ssi*. 
.c performance. The whole work ft based on pure theory, The author 
.th that some d " he w. U make actual machines an see the accuracy 

of the resu1ts. lie is confid*flt that there may be .nor difference 
and that too may be due to manutacturing difficulty. The author 
thinks that f. uatice has been done with dissertation and reams 
ably correct roults have bøen obtained. 
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t9  P.LO * 0  2h r Isture of Polyphase Induction Ma, ine 
(Wiley and Bonet  New Yovk), iasi. 

(2) KDHL 	` . s "Design of Electrical Apparatu (Wiley and (s. Nov York), 198. 

(3) TEINOTT 0 GiTheory and Design of Small Znduetion o !r &' 
tMcGravlLfll Book Cool  N.v 'ror ), : . 

(4) sTZLI . and SZSZI, C. S* 4  Elem to of Electrical Rubins 
D r O4cGrav lUll Book Coo I  Now York)11951. 

(5) DWLTOW Aoz i '4  Standard handbook for Electrical Engineer 
fcGrav Hill Book Goo  * Now York),, 198'„ 

(6) V'.8.S PUBLIC tTION81" ElectriOal Stoop Sbeet# (nginoering 
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