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The present dissertation describes a new method
of Induction motors design. "Comparative Design" is a process
for quickly snd simply arriving at an approvimate winding by
eltering a lmown winding of lmown characterisiics to meot
the desired spaeuicaunné.ﬁome approximate relationships to

agssist this process have bean obtained which conneoct the varfous

operating quantities and the dimensions, The process has bemn
extended '~to- get balanced design of Polyphase, Two-phase and
single=phase uwoitors to give the same operating characteristics,
‘& comparison has been made tox? the performances of the designed
machines to operate 0}1 a given torque-elip ecurve of a high
spaed compressor drive,



(i)

'nie best design is the best mgmmiae smong the several
contonding elements which must or should enter into ity In olece

trical mgohinery these ares |
(1) The magnetic circuit, (or a&reuits),
(2) The magnetic circuit, |
(3) Te dlelectric cirenit (insulation),
(4) e thermal circuit, |
(6) e mechanical cireuit (mems for gsupperting the varxoua
mechanical stresses), o

(6) Cost balance, |
(7) Manufacturing facility,
(8) Ease of maintenance and repair,
(9) Acoustiocal characteristics (reasonably quiet operation)

Cost 18 usually the main Qactdr which governs the design.
Cost is dependent on quality of material, quantity of material
and the labour for manufacturing., Some times cosf 13 not the main
factor and then either efficiency, weight, quietness ete, are the
predominent factors, |

In the present design of 100 HP, 440 volt, 17,600 rpm,180 o/s
Submarine Comprosser Drive Motor the weipght has boen given the
oriteria for most geonomical design, In this problem natural coole
ing 18 also not there and this is Frean cooled nﬁachina.: So whilse

designing, losses for the temperaturs rise also doos not affect
the design, |



‘L1 Design Procedure
1.2 Importent Relations
v L3 Symbols




In the present dissertation on *The Comparative Design of
Induction Motors" most econcmical designs have to be given for
(1) théenuphasa (41) twowphase end (114) sihgle phase motor to
drive a high spaeﬁ’mmprtsuom The specifications of the motor arew
100 H.P,y 440 Volt, 10,600 T.p.mes 180 o/5, freon cooled maching,
The acceleration torque carve for the eowpressor has boen given
as shown in fig, L L

1.1, DESIGN PROCEDURE,

From the fundamentals of design and 'p.muadum outlined in
seotion 2 and 4 for polyphese and single phase induction motors
on elementary design 1s prépared, Ite porformance iz then ealmla;
ted ¢n aceordsnce with the procedure outiined in Ssction 3 and &
for polyphase and single phase induation motors respectively, In
order to get the most economical design meximim valnes of f£lux
densities adé current densities are used in variocus pare# of mage
netlo and eloctric circults without affecting mich the ‘M;‘immay
of the machines, S0 in order to do this various ‘aimmaian;a -ave changed
in acoordance with certain known relations, after arriving at suff=
iciently economical design, torque/speed curve of induction motor
designed i drovn, This torque~siip curve is to be matched with the
given accelerationetorque curve of the compressor. In order o do
proper matching either of (1) full load (11) breckedown and or
(111) starting torques are to be varied, This means a now design.
8o in order 'to arrive quicidy to the lmown design, the following
approximate relations arsc to be used which connect various operating
quehtities with dimensions, - .




The important relations have been derived from fundoe
mentals to connect operating quantities (BDT, LRT, V, 8, LRA, V4, ¢
densities ote.) with dimensions of machine (Ly D ete.), The relas
tions are listed Dbelows

Noudt DDz = (iR x GEby? x

x-—gg—x ../‘ Apz-il x;‘ﬁi’-:x-/géx(m”;

L g Wy .o (CRWZ 42 (P)s L o
oo o @« o

No,4t (LRA)z * m&"m?’; x-@-}a-mp . (tRa)y

(BDT)g and (BDT)y cre exprossed either in ft. 1ts, or § of
the full load torque,

No.5s (LRA) = 2,4 x (EDT) x I3 |
Ho. 68 Mag (VA)p = ( Vo 42 5 (CKwy B ¢ (P2 92, £y _ 8
. SRR o il A b
x-i-? x (VA)y

Ro.7¢ (Tooth Dengity)s” % x g%':é‘ x %‘ | gﬁ' 5 % (toot'n density)y




=W
Ho-(G?t (Core Density)p vﬁ"“aﬁ‘é“‘?é"'z%' (Core density)y
" LY A
No.91 (EDT)ypa, £t S ————————
o 1 j’%*(xi*xg)g

Bubscript '1' refers to the winding of lnown charactm.suw,
Subscript '2' refers to the winding of whose tharacteristies,
are to bo deternined, | | |
When number of poles is 1nereaae§, tooth density may become
oritical, |
When nnmbér of poles is deoreassd, eara density may become orie
tical, '
1,3 SOIB0LS, |
In above relationg symbols used arves
BDT = Broakdown torque, ¥ of Full 1ed torque,
LRT « Locked rotor torque, % of full load torque,
LRA « Locked rotor anpers '
v = Rated volts,
Ckv = Effective series conductors per phase,
8f1 « Full load slip, |
» Horse pover rating:

- F Tequency,

w Number of polos.

- Length of the core staclk,
= Baturation factor,

= Gap diameter,

« Volt ampere capactity

| Thus using the sbove relations a satisfactory dosign can be
obtained, ‘

gv%ﬁ’ﬂﬁ %
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BABIC DESIGH PROCEDURE FOB ‘

| 2.1, General

2.1 1, Rating,

2.1,2. Core Dimensions .
2.1,3, Electrical .
2.1.4 Saturation.
2.1.5: Core wasaa‘; -

2,1,6 Full Load Reaetinces.

2.1,7 Full Load Vg .
2.L8 No Load . |
2.1.9 Cost Caleulations,

2.2. Full Load Performance,

243
2,4
2o
2.6

Locked Rotor Performance.
Brezkdown Torque.

Speed Torgque Curve,

Half Voltage Locked Rotor.



Design procddures differ conslderably depending upon too
many factors to enumerate here, In genersl, a basic design proce
edure consists of the following stepss

a) Selection of a trial design,
b) A basic ocalculation of the trial design,
¢) Bvaluation of results of caleulations,

4) Repatition of first three steps until a satisfactory
deaign | §: fcund. ‘

This procedure outﬁnﬁs the formulas mquired ho eva}.uate
the equlvalant circuit constants necessary in the caleulat:l.on of
1nductmn motor performanae, The solution of the equivalent circult
' for determining machine performance is covered in Soction 8, Perfw
_ormance for any point on the speed torque curve from no load to

_ locked rotor ean be calculated using this seetion in conjuction
~_with Sectlon 3, Saturation of the leakage fiux paths, and deep
bar effect is taken into account 4n the formulas for all reglons 62
- the spesd torque curve oxcept the full loéd region whafe‘they can

~ be neglected, 'i‘berémre; the formulas in this seotion have been
.gmmped into sections according to the regien of ‘bhe speeﬂ torque
curve being constdered, |

R Benaral'-'xtams'(l)'thﬂmi(239)* Caleulate for all cases, In
'Genersl! the design procedure consists of following subesections.

2,1,1, Rating, This includes per-unit values of power; current,
voltage and impedencs, Itemg i thra (15) .



2,1,2, Coro Dimensions, This includes stator and rotor core dimane
sions. Items (16) thrp: (685),

2,1,3. Blectrical,  This includes winding specifications, slot
fullness, weight and resistance of stator winding. Items (66) thm
(94).

2,1.4. Saturation, This ineludes flux per pole, carter coeffice
ients, densities and saturation faotor, Itoms (95) thru (135),

2,1.5, Coxe Losses, These losses are caleulated for stator core,
tooth and surfaces at 60 oyeles, The total of those is corracted
for froquency. Items (136) thru (148),

24206 Full Load Raactémes. Thege are caloulated on tho basis of
all leakage paths being unsaturated, except for the bridge of a
closed slot rotor. Rotor bridge constant is ocnleulated at an ostimbe
ted value of full 1oad current, Items (146) thm (184),

2,X7. Full Load Secondary resistance (rg).s Items (185) thrmu (205)s
2,1,8, No load losses ere read cut, Items (206) thm (217). |
2,1,9, Cost calculations, This is caleulated to f£ind the cost of img
copper and aluminum constmed, Items (218) thru (230},

2. Pull Load Performance - Items (300) thru (319)- Caleulate for
full load condition and also for all points in load porformance at
other load points, '

3. Locked Rotore Itoms (400) thru (443)e Calenlate for locked rotor
condition,

" 4, Breakdown Torque« items (500) thiru (508)w Calculate for maximum
torque region, '




6. Speed Torques Items (600) thru (602)~ Calculate whenever a-
complete speed torque curyve is desired, |

s, Half Voltage Léokaé Rotor « Items (700) thzu (701)e Caleulate
to obtain locked rotor data at half voltages

In addition to machine dimension and winding data, certain data from
the rotor and stator punchings are required before the claslcations
of this section can be performed, Section 6,1, provides procedure for
the required stator and rotor punching c¢alceulations,

™is "Basic Design Calculstions for Polyphase Motors® procede
ure is only sppliceble to Induction Motors havings |

(1) A given frame size with partially closed stator slots,
(11) Single Cage rotor having closed slots,
(111) Round ' stranded wires in stator vinding,

{iv) Ro rotor or stator duckts as the.ré is no natural eooling
problems, |




ITEH

BABIC_ DESIGN CATCULATIONS FOR POLYPHASE MOTORS

SYMBOL

<]

& & &

iy

2,3, 1. RATING
All dimemsicne in inches,

Frome (Code number to be given)

Horsepower, |

Volts, Line,

Phases, number of

Frequency
Poles, number of

Synchronous BPH, Ng = 1202/P = 120(5)/(6)

Fulleload RPM =

Duty

Btesl Punching Code, For Code number refer Item (142)
o¢ Rise, rated.

. s S Y S i T Y0 - i S o N0l T S SO D O i

P,U. BASE, |
For 3 phace motors, either ¥ = 1N Yolts o (3)

or O = line volte = (3)
For 2 phase motors = line volts = (3)
Bage power = HP = , 748 = (2) x .46

Bage amps = f%_ = .(.(11:)2.,5,( _;9._,,3,.
4

Base ohms =\IL-. -fﬁ;-.

{

17

D+

2.1,2, CORE DIMENSIONS

S8tator Core’mm@nsmnm
Stator Punching 0.D.
Gap diameter,



1

B
19 TFax
20 Wy
21 11

-

24 84

25

26 4y

28 Ag

g8ty
30 %

31

32 dyl
m .

4

36 K‘u
36 Ks:”
37 D2

Gross core longth

Radlal duets, nmumber of

Radial duyct width |

ot core length Ly = Lyy « Ny war = (18)-119)(20)
Stator stacking faotor (.93 for Insulene Varnish)
Het tron, stotor = key Ly = (22) (21)

Number of atator slots From stator nching cale
culation sheot Item (3) w

Type of Slots

Overall slot depth, matat; From stator cale,

Slot egening, stator, From stator calo,sheet,

Blot piteh, stator, From stator cales shaet,
Iten (15)

Tooth face, stator, From stator eale,sheet,Item(16)

Effootive tooth width, stator (width 1/3 from mine
dmun ), From stator eale, sheet, Itam (19)

Effective tooth length, stator. From stator cale,
shoet {Item 20)

Effective yoke degth, stator, From stator calc,
sheet, Item (21),

Net slot winding areay stator, From stator cale.
gheot, Item (3

Pem?sz?le mﬂ stator, From stator oale,sheet,

Stator slot constant, air portion, From stator
sale, sheaty, Item ( 865

Stator slot constant, winding portion, From stator
cele, shoet, Item (33) ‘

ﬂ””mﬂﬁ”“ﬂmﬂdbﬁﬁﬂﬂ“ﬂ“ﬂ‘ﬂﬁﬂ

ROTOR QORE DIMENSIONS,
Rotor 0.Ds From otor punching cale, sheet, Item(l)
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48 kgg

48 8p

46
47

. 48 dp
49 wgy

50)\3
51 &

Effective I.Da, rotar. Fm:n mﬁor pche. calc.sheet,
Item (2)

Gross core 1eng'th, rotor,
Radial ducts, nusber of

Radial duots, width,

Net core length, rotor = Lp ¥ %z ~ g Va2
= (39) -~ (40) (41)

Rotor stacking factop
Not irvon, rotor = kea bz = (43) (42)

No, of rotor slots. Prom retor pehg. Cale, shaat,
Iten (3) |

Type of rotor slots

‘Skew 1in percent of rotor slot piteh (llsﬂ for all

practical designa)

Qverall slot depth. mtw {bar depth) From rotor pehgs
Cale, sheet, Item (4) .

8lot width at top, rotur. me rotor pchg. Cale, shoet,
Itenm (). .

Slot pitoh, rotors From rotor pehg. Cale,cheot, Item(1l)

Bffective tooth width, rotor (width 1/3 from min, -
section). From rotor pchg. Cale. sheet, Item (20).

Effective tmth length, From rotor pchg. Calc.sheoty
Itom (21)

Yoke depth of ;mnemng, rotor, From roter pehg, Cale.
sheet, em (22)

Shaft material whather magnetic or non.magnotio,

Effaat&ge Qggkg dopth of shaft, 2

= o ! fo

""‘.55"'3" = 0,667 (64) (38)/(6)2 for
= 0 for shaft of nonemegnetie material,

Effective yoke depth, rotor

= yoke dspth of punching + yoke depth of shaft
® (53) *+ (58) | | .
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82 wve3y

63 g

M Ap
656 1L

66
67
68
69
70

71
72
73
74

78

76

Rotor slot constant, winding portion. From rotoy
pehg, Cale,sheet, Item (23)

Da th of bridge, minimum cloged slots only, From
r pechg, Cal, sheet, "Itom (6)

Depth of slot mouth, From rotor pchg. Celc, shoet,
Iten (7)., :

Rotor slot ares, From rotor pehg.Calo, sheet, Itom(28)

Rotor slot constant, sir ports.on From rotor pohg,
Calc, sheot, Item ( (24)

8lot width at bottom of slot, From rotor pchg.Calo.
sheet, Item (10

Air gap, actual, inches, g = %— Pt wDy) = %—
(1) - (3))

Pole piteh,Ap 3TO1 - g )P = (1) ~(57)) /(6

Axigl length of air £ap,

Turns per coils, sctual

Bare diameter, No, 1, inches,

Strand per conductor, Nos1

Bare diameter, No,2, inches

Btrand per conductor, No,2,

Diameter over insulation, No,1,

Diameter over insulotion, No,2, |
Total M2 = 2 (66) [(e8)(71)2 + (W) (7% 1

Percent fullpess = (total ¥2) x 100/net winding area
| = W0 (73)/(33)

Aatual. D2 78)
Pormissible W2 “‘%‘

= Uev)ﬂ (88) + (69)2 (7)) = m‘*

e
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g2 33 I

81

82

83

1ype of connections (Delta, Star-3 phase or
-phase,. ’

No. of parallel circults,
Coil sides li¢ in slots 1 and .

Coil piteh in por unit = m%zau_L

WEIGHT AND RESISTANCE OF SEM)I‘?BARY WIRDINGS

B u&v c.n./:maa per conductor, equivalent ¥, sine
gle cireuit basls,

If winding 15 actually ¥ connocted

= Aatual n.ms por conductor x nm of parallel

= 08 %

If winding 18 actually A connected

= Aetual C.M, per conductor x no, of parsllel
eircuits x /3

s (78) =x (78) x _/5

Poy hagse motors, this item is equiv, C.M./1000
per egﬁ ctor, single e¢ircuit basi squﬂ. otua 6

per m\nductor % no,of parallel circuits
8 (76) =x (M)

wivalent turns per wil, equivalent ¥, single
reult basle,

If winding 1s actuélly Y c¢onnected
® Agtual tums per coil/no. of parallel cireue

= 1383 / (78)

If vinding is sotually A conneoct a
= Aatual tuma per tml /.73 uo, of parallel

- (6657 78 ()
For 2-phasa motora this {tem 45 equiv, turns per

¢oll ult basis = actusl turns per col
mmi' parallel c:!.rcuns. P oL/

Pull dimensions & »—3- ‘ L..?; T ":»P” anit coll “"h

= {(a7) + (28)1T = (a0
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8§

86

87

88

89

MIC

b s Spaca _availa.ble for
eoil

This 1 toe ratis = Length of the slanting portion
| | ‘“ 0L 508 ] head e

Pull dimension
Ky for minimum coil head clearante,
1 o a-&—

& = Coil cleamma * avg alot width
« glot insulation

=7 (D * 4y
=5
S4n ® = 8
in Y
© = sw“'l (%}

Hence Ky * ga%-e—'f

Straight portion of coll haad in inches.
For large motors Kp = L6 « 2,0
For smail motors Kz = 1,13 « L5

Pin dlameter (usually equal to 3/8" for Iomed
coils only)

Rnuckle lsngth {fomed ooils only)

K3 = 1,57 (pin 6ta, + % ay)
= 1,57 \(se) + 3 (26))

Mean longth of a nondm.ta#
2 Pull dimension x straight length
- ¢ lomakle length + ﬁgz. :
= (83) (84) *+ (85) * (87) + (18)

Sories conductors per phase

¢ = 23] x equiv. turns per coil
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01

P2
93

98

P8

p?

o8

Copper weight and s ‘
oP = 0.2%5 i ‘1’18-» xC x MIC x m x equivalent
CM/1000 per conductor,

= 0,275 x 10™3 x (89) (88) (4) (81)

»?y cold Primary rosistance per phaso, ohms at 950C

Tihot
pa

rypu

» 0,881 x 10*3 x C z MLC/equivalent CH/1000 per
_ Gﬁnaaetﬂry

= 0,881 x W2 (89) (88)/(81)
Average temp. of primary winding, when hot, dog,cents

Primary resistance per phase, per unit ohmayhot
1 ¢ 235 + hot temp
ry hot pu W’ -

Effective primary resistance per phase, per unit
obms, hot | S
Tipu = constant x rihot pu = constant (98)

- This constant includes allowenee for stray load

lose in primary due to various frequancies.

Gadadls, SATURATION

Flux per Polet

Phase belt angle, in electrical degrees

% = % except in S.phase machines where ¥ = 60°

Coil per group, actual = %@- = %-

Numerator of 1ten (95)
Distribution faotor

Pitch factor
ky = 8in (coll pitch x 90°) = 8in {20} :0:»90)‘

‘. .
Ay g Noaniduisiin , - " N A Sy,
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100 'ky inding factor Xy = k4 ky = (98) (9937

”1.01 Cley Erfeatwgw eondu%atgﬂ ioogeuea per phase

02 ¢ Yiux per pole, k!.lol:.naa'
GARTIER CORFFICIENTS
105 (sg +vio) = (8) (6 (63) + ta?)]
104 Value of wyy (2 + vm) = (ﬁ?) ea) + (2731

108 Cy  Carter, stator slote =

106 Cgy c@m‘, rotor slei;:és. For olosed slote=1,02
7 Cay Carter,stator ducts. For no stator duct Bai = 3
208 Cqp Carter,rotor duots, For mo rotor duct Cap =1

DENSITIES AN SATURATION:
109 4y1 Btator core area = Zygy Ly dyy 8q.inches = 2(29) (82)

110 Ay Stator team ares = lgy Ly 83 $/P 84.inches
| = (23) (24) (30)/(8)
111 Ayy Rotor core area = Bkgp Lz ¢y Sqsinches =2{43) (65) (56)
112 Atz Rotor teetok area = kgp Lp 8p tg’? sq.inahas
| | = (43)(65) (45) (61)/(6)
113 Ag  Alr gop srea = Apl = (64)(65)
14 K,  Primary fluz constant » Agsume v&iu@ or

Geghy = (1.8
115 Bﬂ Btator core density, kilolines per sq.indh

By = & , { o) °
n ~ 'stator core area “W‘“
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T 336 By Etotor tosts demsity, kilolines per sq.inch
By TR
117 Byg Rotor core density, kilolines per sq.dnch
By rotor core ares JLEsEY)
118 By Rotor teeth density, idlolines per sd,inch
Byg '
119 Bg Alr gop density, kilolines par‘ 8qeinch,

Bg ® L&67K, ¥

T gap area

AT/in, stator core dansity from item (118)
A%/in,stator toatly.Density from Ltem (116)
A%/in, rotor t07e., Density from item (117)

AT/in, rotor teeth, Density from item (118)
0 - dy

Btator teoth = Effactive teoth length
T A (81 8%

Rotoy core Length = 1571 (Dp + Yoka depth of

- L U e (o)

Rotor teeth length = Effective teeth lenst:h,A -

=
121 BSee
F:lg. 2,1
100 I
- 123
124 Btator core length = 1671
125
gtator
126
127
rotor = (&62)
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128 g, Etfective air gap 1angth g‘ = gcl Co eu Gﬂg
= (63) (108) (W6} (107 (108)

1 Stator core AT = A'z/j.n stator core x stator core
| - G5 (100
X130 Stator teeth AT = Al/in, stator toeth x atatsr
tasth length
- (1217 (125)
131 Rotor cors AT = Al/in, rotor core x rotor core
= 185" oo
132 Rotor teeth AT = A:t/m, rotor teeth x rotor teeth
a (i38) (1em)
. 133 Alr gap AT o= gza ggth x offeotive alr gap
= 313 x (119) (128)
13 ’L’aﬁal AT per pole = (129) + (130)+ (131)+(132)+(133)
136 Kge
136 Statar CoTe mlttnq = ﬁtatg{ mge area x stator core
= (109) (124) (6) ouw.in,
137 | Stator testh volume = stater teeth area x stator
: teeth length 2 P

e A
wl o Btator core, watts/ind at €0 oy, Density from {tem({115)
139)418.2.2, %ﬁg;r tosth, watts/ind at 60 oy, Density from item

140 Stator cora 4, Glwcy. Lo kﬂ = stator wr@ vo:!.um

% watts /1.1:3 # (136) (138) /1000
11 | Stator teeth ' 4Y. logs in ky = atator teeth volume

z watt, ‘m & (13?‘) (139) /1000




a2
' _ 1 | 6 w9
Rev Bg? /Eg™ (;j'-é e &y (..:h; *end
Kue (20)* {Cay) “‘\‘ﬁ (“\l..r(i_h ‘I“\, ]‘“h.\g) x 18
_Kgp ___Urade of steel ~ "~ Tode
3,83 26 §a, Eleotrical 4343
8.83 24 ga, Motor 448
4,80 - B ga. ﬁnnusllican 4375
43 Total 60wcy. losses in kw = (140) + (mwmz)
; ; o e = 6. 5 g ﬁ
W4 Froquency correction factor 0,8(-%) 0.2%__)
= 0,8 ¢ KS)-; » o‘g‘glya |
e - Core loss, total = Total & oy,loas x rrequeney
correction factor In kv = (143) (144)
1 » | 2 % -8
us Per untt weaatama wnetant =2 % Cuw)*u x 0
=B (8 ‘%ﬁliz (4)x _Q-B
147 Per unit skow = skew in ¥ rotor slot piteh xP/10052
= (47) (6) /100 (46)
148 1eCgc FOF per unit skow upto 0,50 (error within ax)
\ 1~Cae 2 0411 x por un&t skey®
= 0,411 x (M‘”
I?gr per unit shew greatar than 0,5y use
"lk"“i'
~§z Du“m 51‘8“
B9 Cy Cpx =1. (1aCy) = 1. ma}
150 Py  Magnetising permeance Pm = 0,8234 x  Cqte
T gap length x Kg¢

Surface loss at 60 ¢y« in kw
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51 Cp Pitch correction for slot mutual | |
o Bes Fig., 2,33 Rofer to item {(80) for piteh
Refer of to item (95) for phasowbelt
angle, . v o
162 Modiffed stator slot constani, alr portion
= Kg1a Op = (38} (162;
Modified stator alot constant; winding portion
@ Kgly (0426 + 0,75 Cp)
| = (36) (0428 + 0,76 (161) ]
154 Modified ctator slot constant, total = (152)+(153)
185 © Btator slot factors 3.;1.‘9- x 14 x Modified stator slot
| {24) (100)
166 Aysy = (28) / (28)
157 Ag/Sz = (50)/(48)
158 A8y +Ap/8p = (156) *+ (167)
150 2 C1Cp = 2 (106) (106)
160 Cy+Cyw CyCp = J108) (06}
2/\3 1 3’9}\' |
161 22 (e 22y &g
Gonet, B1' By’ B
= (158) (160)%/(63)
162 0.538 L/Cqy Cdp = 0.533 (65)/(107)(108)
163 Btatod sig zeg factor = (161) (162)
164 Stator gkew factor ( 1« Cge) /g = (148)(150)/(1D)
166 Stator end const, « Beoc Fig, 2.4 Befor item (64)
for pole piteh and item {80) for coil piteh,
166 Lgy Lel = 1,625 x (84) 2 (80) + 1,200
167 Lgg Lepg ® MIC « L3 = (88) ~ (21)
168 Modlfted stator end constant = (166) 282
| .
- a0 G

iR . o " o e o




169
170
171
172
173

174

175

. 176 |
i

178
179

181 x4p,u,

S8tator end factor = modifled stator and henstmt/?
= (168)/(6)

Total stator leskage factor = (188) + (163) + (164) |
ato ag + (169)

Est, FoL. Sec amp = 530 xvﬁn x %}‘1’
S AL}

Sg vpy

L—‘ﬁv—ﬂ.,.}gl l,‘,,? tinated | %9 o () (1) %P
By W21

| 1 o
Fullloaﬂ dm”dh'bug%, (C ,m_l’a “ D
w21 ©2

- @ 4B )

Rotor slot constant, bridge portion, full load

- o1+ dp - dbe ¢l Gy .
= ( f1 -) vm‘c%'s"‘—uxg’m

or (61) if élots are not closed,
Rotor slot constant, total, full lead = (175)*+(57)
- Botor slot factor, F.L, = S.18Lo X Zotor slot const.

Rotor sigzag factor = stator zigrag factor %(163)
Rotor skew factor = gtatoy gkew factor ={164)

- Total rotor leakege factor, full load

s (177) + (178)+(179) & rotor slot factors
rotor glguag factor * rotor skew factor,

kaagnatinng reactance = reactance constent x Py,

= (146) (150)
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182 x1 Dol Primary leakage reaetaﬁce = raaotmoe ecmstan‘bx 1
| = (146) (1) |
183 =xpp.u, Becondary leskage reactance = roactance ccnstant t 3
- - = (48) (180)
K Pri factor 2 ekl
184 K, mary flux facto Kp ﬁ.?_« TIVTE)
Compare this with ite {114). it thia differs by
more than 0,05, ftem (117) to Rare should ba repe
sated, for acmaay, after ‘substituting (mnor
(3.14,\'
185 Percent conductivity of cage matorial
Material # Confnotivity  After Hoat
Alunminun | ‘ 8,0 :
Secondary alumimin 21,7 20,7
Dow M 2010 - ' 26,0
Gliding Bronze 43.8
Al\lﬁ'ﬁ. anzﬁ 100‘&
. calculatmna that follow are based on use of same
material in both bars and end rings, .
186 Per unit reststance constant = $0,3 x 10 ,Mc )2 |
a 62,3 x m‘.a 4 2 PsUsx 5 conductiv W_ :
187 Bar sxtmm.ons total for bath em}s, measured
axially, 11? 0)s
188 Axial distanc tween end rings ® Lgs + dar extanw
STon =438) ¥ 189) 82
189 Ay, Bar arsa in square inch = (60) for disecast robora»
10 Ap Ring area in sq.in, (area of each ring)
191 Dy Ring CJD.
192 Dy Ring 1,D¢ | |
193 Average ring diameter = %- (o * Dg)
= & g101) + (102)



194

198 Dp

106

M

Btametar at rotor slot cantua = Do —dg = (B‘?)»(éa)

~ Larger of (193) (or (194)

2 - -8

197 Kype 566 £1g.2.5, B~ from Ltem (196); poles fron Ltes )

198

200

201

202

203 popu

204

cold

Bar ogrreg:im ggrmﬂm 51+ Ju, skow )8
or diewca | W ai g r“lhanea |

8= 14-‘_%

Bar correction for dead corners,
If 1tem (194) > iten %193), this ftem = 1,0

It dtem (193) > item <:m>, thgn |
F = 1+ 01«00t 280328
actor On - D:) % exiol dastanee

Rote: Msamrmguen is
BEieL BisacemRrien, 1T 1
450 triangle, and that . 'Y

the bar is a rget ar l .
in eross aaatian.mg m siaganay L

axial distance Carreauon Correction
Bar factor = betwean tinga X tor am tu aead corfier

53 Ab

Bar factor + Bing factor = (200) + (201)
et e Rt B RS, Y
&varage temperature of sscondary winding, when

)




208 Pghot tvhtn _ s 228.%1 '

= (203) &al..
V | ]
Pelts Tore 1088 VYR

207 wypu  “Serted” core loss resistance, ohms per phase

= #ﬂ /Tse
| (o068 |
(206) |

ERTI

208 x,,pu "Series” magnetising regctante per phase, chms

1+ UrsD) / (208)) 2
209 Zyy,, Magnetising impedence, ohms per phase
By =/HE ey = BN (21)2

'2‘16 Popu Opon circult resistance, ohms per phese
Yo = ry* rp=(94) * (207)

211 X5y Open oirocuit veactance, ohms per phase
o =*xy *x'yw = (182) + (208)

212 Zm Open circull impedanco, ohms per phase |
| %= FETEE sy (@) + (218

213 1, No load current, amperas, I, = *;Q;:u x Ip.u.:




2%

216

216
217

218

219

221

222

823

226
226

228
229

b

Friotion and windags loss at synchronous speed.
 Pri 12, no load * ml? Py /1000 in KW,
| = () (213)%(03) (16)/%000
‘Fo load kilowatts ® (M48) *+ (214) + (215)
Full osd yom = .g}_ L. @ ( 1= #g3)
oy, Tpo \7) |

Cost per 1lbs of irons -

Cost per 1b, of copper.

(’:cst per 1b, of aluminnm,

Ueigxt of stesl vasd for stator lam*zatﬁ.ms, anéd for
Sy (b © 0.5608 =338 (8D (18) + 0,261
Waight of stoel used for those rotor 1ammat1ons in
sxoess of numboy used in ptotor,

8 0,28{ Lg » Lyd L P2 +.26 )(Py + «0626 ]
= 0,28 ((42) » (21)) U7 +.26] ({17) +,0625)

ﬁraas wei t of etive iron used
= xl wfg %‘2‘213 + :23132 |

v of dvon * g Wy = (218) (229)
Cost of coppor (stator) = (90) {(219)

Watght of mator bavs = ,0081{189) (39) + (137) 1as)
This expression assumes aluminum bars, If g differ

1
. matar:ﬁ is used, substitute its éens.lty in 1ba/insn

for 098 in ahave formula,

Weight of resistance rings excluding fan blades
= 0,616 (193) (190)

Vetght of aluminum = Wp + Wy = (226) + (221)
Makgks Cost of aluminum = Wy, Cal = (228) (220)

Total ; of o 150
el P ¢° aas) e




s Slip at full load,
201 ronot Equivalent secondary red stonce,
R T -y s A R
Seatirm 3

03 Igm Secondary wmrrent
30&‘ Tiou Primary ltmx*rent;.'

. 38 S8gcondary 131' loss in KW
08 F&W lossin XKW
07 ' Btray losd loss in XV
308 -
29 Prinary 1% loss in EM
310 Core loss in KW,

| 311 Total losses in KW
32 Input in KW
318 Ef£ ol engy,
314 Power factor
315 Ngy  R.P.H. ot fall lood,
216 Torque full lead,
317 Circular mils/empere
318 Iy Primary eurront,
319 Iz Secondary current,

EN OF FULL LOAD PERFORMANCR




400 Estimatdd xy = X3 + xg @ full load = (162)+(183)
401 Estimated I 2 g =, |
| pu '%.' (400)
402 - Estimated gy = 95 zn, +96(401)
403 Apparmt zlgsag flux =2,828m chg&?u Xipy * zlgzag .
’ Lactor x 10+

2 2,828(4)(100) (14) (401) (163)x
10+3 flux in kiloline,

404 Effoctive rotor slot opening = 2‘.§L ] -%9)-
405 Sum of slot openings = wyy “eff,0lot opening
= (27) + (404)
406 (ANg = (405)]732 ﬁ[(w) - (405)J / (50)
407 (M 1w @81 7A1 = ((28) « (208)17 (28)
408 Maximum giggog area (406) + (407) ..(33).
409  Apparent zigeag flux Gensity = ‘&%5;'
410 2‘%593?3 correction factor « Bes Fig.2,6-donsity from
41 . Stator zigeag factor= (163) (410)
412 Haﬁmm vorking density « z.argast of items (115)
to (118) .
413 Unbalanced air gap per unit MMF due to skewling.
3;. 7 x puﬂ.i:k“ x&u ﬁ Iﬂ- ...,% T e

414 Apparent maximum donsity due to skew |

i unbalanced MMF x K,gﬂmdanaim%mﬂia?») (412)
418 Skew corraction factor,See fig.2.6 density from (414)

A v 3 it i




416

i o — —————

Btator skew factor = (184) (415)

. 45.7 Pu Total stator laskage gemeanea, locked
& gtator slot factor * stator end factor *+stator
Zigrag Lactor * stator skew factor
2 (165) + (1) + (411) * “16)
04 - - 7 o ?
418 | Suolzie | = (72 wom) () )
2 Vey

Notes If (418) > 897, omit (419) and put (420)0
419  fper, *Op* % L.
420 Rotor slot conatant , bridge portion
421 ~ Fictitious bar depth = overall slot depth

g A T, RlE), Here & =1
428 K. Deep bar correction for reactance - see f£ig.2.7
T ‘tar aepth fron G2l R fig.2 '
423 X Doep bar correction for resistance -See fig,2.7
R bar depth fron (421) B

424 X'y
428 Rotor slot constant, wig Poition * Kp Ky® (57) (422)
426 Rotor slot constant, total = Rotor slot const,

bridge + rotor slot const, wig,={20)*(426)




30

427 ﬁotar slot factor :!30 19!:3 rotor slot conat,total

o o |
428 ¥ & Total rotor 1aakage factor, locked rotor = Rotor

slot factsr + rotor o zag factor * rotor shew
factar = (411) + (416) {427)

429 Jipy Primary leaksge reactance = React.Const x"n,
= (146) 417) o

430 =%y, Secondary leakage reactance = React, const x Py,

= (146) (428)
431 Bar factor carregi:ad for doep bar = Bar factor x L4
= (200) (424) vhon (60) = (189) ‘
432 Cage factor = Ring facter *+ bar factor =(201)+(431)
433 rop. Resistance constant x Cage factor (186) (432)
- enlé

434 Average caga temperature, laakaﬂ_, deg, cont,
436 Felpu tg;,pu a ”m:gu 22

To calculte the locked rotor wmps end torque
refor to m 5 o Performance almlataans for
squirrel cage Polyp!‘zase Induotion Motcazfs. :

436 1Igyy Caloulated in Bec, 3.
43?7 Yy, Celeculated in See. 3

438 Iyn, Calenlated in Sec, 34

430 1y, Locked wotor torque in £ of full waa

40 Iy Calculated in Beo, 8, |

441 Apparent locked mm impedence,
m.....m hmé’ﬁl“'

442 Ry Apparen*b 1ookaé rotor ras.tstfanoa, ohns,

443 Xy ©  Apparent locked rotor reactance, ohms, °

END OF LOCKED ROTOR CALCULATION
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s01

8508

03

&85

506

g §

Batimated resctance at maximum torgue
gp = X1 * %o ¥ oxan v XL
.—m‘-—u—-—-g*w

 Bstimated slip at breekdown torque

TE R /00 (w02

Ty » B - L...é.L.M) [ 438)

0.95 Impn  * 0,98 (512)

'Repest ealculationg t‘«wé’z thru (443) @m t use
A Topiog (503)

Iy (502) 4n place of Iy (a01) #°¢ Iowpy

in place of Igp (408)s Aleo in Ltem (4@1?“%9
Sy(&1) for the veiue of siip s. Then aalculate
the renaining iteuws by the method outlined in
Bec,3 nsing item (601) ag§tbe estimated slip at
braakdown torque as the siip inm item (1) of
Beotion 3,

Primary leakage reaotance, broakdown torgue

Item (429) rocalculated for saturation condition
at bLrsakdoun Terque.

Sedondary resictance at reakdown torgue,
Iten (435) recalculated at breakdown torque siips

Secondary leakage preactance at breckéown torque,
Item (430} recalculated for saturation conditions
at troakiown torque. .

Primary amperes at brsckdown torque calculetsd 1
Sec, 3, o

Speed st breakdown torque, Caloulated in Bec,da
Torque in § of full losd.Caloulatelin Soc.d,

BND OF BREAK DOWN TORQUE CALCULATION




caleulate a point on the speed torque curve tur
egch of the fallawing values of 8lip6.9,8,,7, 4,

.3, ’1’ .

Eat, 3o,y ~ Use the per unit value of primary cue
E‘{“ from proviously calculated point on

gad torque curve, L.e. for slip = 0,9 use value
of 1 p from slip & ic‘ ilockua Fotor } for slip

= 0“8 use valuo M 511 = 0@9 Qt@.
§ caleulations { 4%7) g
use Iyg,,(601) in place ot I Izgpu

(602) in place of Ig, (402), A}.so in itom (421)
use (600) for the value of slip. Then ealculate
the porformance for euch point on the speed torque
curve by the method outlined in Section 3 using
the slip from ftem (B00) as 41tem (500) in Sec.3.

BHD (P SPEBED TORQUE CURVE

600
601
rront,
Repea
700
0L
R

T 240y NALY VOLTACE LOCKED ROLOT

Estimeted Inrey ¥ "&3 |
Estimated Iorpy ° -&3&—

Caleaulate iftems (403) thru (435) sxcept use
I1pu(700) in place of (401) md Ipp, (701)
in placa of (402}, %o enleulate the 1o¢ked
rotor torque and aznpom rvefer to Sec, 3
exeept use per unlt voltd = 0,5 instead of
1.0 as shom in Bection 3, :

END OF HAIF VYOLTAGE LOCKED ROTOR
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IRON L 0SS CURVE AT F = 60 CAS.
g RN AT

Peremreirae m

Flux Density i Kiilines per Square !nch

i 6 gGvade of Steel Code| Mvitiply W/in3 by—s :
| |
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CP. PITCH CORRECTION FOR $LOT CORRECTION

)

.24

L?..‘.A .

-5

+

'2..

- PITCH CORRECTION FOR SLOT MUTUAL

i l?l
"

&

2

20

"

2"

L - e e e e e = ~ —
/
V.
l 2 4 £l 6 7 8 9 ro 14 12 13 oA
Cofl.  PITCH _ IN PER UNIT . -
CURVE | - 3 PHASE, 60’ PHASE BELT, Fig. 2.3,

D-K-.GUPTA
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3.1,
3.2,

3eds

Equivalent Circult. _.

Genoral Equivalent Circuit Soiution.

3.2,1. Full Load and Load Performance,

3.2.2, Locked Botor,

3203, ﬁreak&wn Torque and Speed Torque Caleulations.
Performance Cslewlations.

40
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INDUCTION MOTORS,

This procedure is used to calculate the performance of a

" polyphase induction motor at any point along the speed torque curve
from locked rotor to mo load, The calculations are basod on oquie
valent elrcult basis, A dlagram of the equivalent cireutt is showm
in Figure 3.1 |

3,1, PRUIVALENT CIRCUIT,

In Pig, 3.1 1s represented the oquivalent eireult upon which
the vhole procedure is based, It is the oxact equivalent cirentit,
The quantities which sppear in the equivalent oireuit are given
belows | |

ry -~ primary resistance per phases This agpeara throc times
on dasign gheets
a) ry cold, in actual ohnms,
b) »3 hot in per-unit (at temperature specified on inpus)
This value 18 used for all stator I% loss calcule
ations,
¢) ry effoctive, This 1s 1,15 x ry hot and is used in
all circuit caleulations of currents and torgues,
X3 == primary leakoge reactance, in per-unit,Three values of
this appoar on design sheet,
a) at full-load conditions,
b) at break down torque,
8) at locked rotor, | |
Ty == Feo loss reststance, p.u. This resistance simulates the
total iron losses, It appesrs on design shaet under
"no load,* .
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Rt e Apparant magnetizing veactance, in per unit, This 1s
' the equivalent geries value of the actuanl magnetdzing
 reactance, and appears in the no~load section of the
output form, The true magnetizing reattance xy appw
sars in the full«load reactance part of the output,

£y -~ This 1s the secondary rosistance referred to primary,
in per unit, Hot and cold values for the fullwload cohe
dition are given on the output form, just above the
16108 sobtiém It 15 also glvm_, ‘hot and eold, in
the lockedwrotor gection, taling into accomnt decp=-
bar effoct,

Xy - Secondary leakage reactance, in per-unit, This item
appears on the design sheot in three places,
8) at fulleload condition,
b) at breakedown torque,
¢) at lockedwrotor,

3.2, QENERAL BQUIVALENT CIRCUIT SOLUTION,

Mis geetion outlines the formules requind in the solution
of the squivalent oircuit after the circuit ccnstanté are known,
The appropriate value of s14p i& enterod into Ltem (1) depending
-upon whether & solution is desired for locked rotor, full load or
another point on the speed torque curve, For full load or any loed
perfornance caleulations, an assumed value of slip 18 used and the
calculations carried out thru item (3,17), horse power output. If
this value 18 not the desired load, a new assumption of slip should
be made and the procedure vepeated until the desired output is
obtained, Then the remeining ftems (3,17) thru {3,28) can be
calenlatad, | )
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In the formulas which follow, symbols with bars over 'tnem,' i;é.
¥ , designate vector quantities, and symbols without bar&; l1evel,
desighate scalar quantities, The voltage V is the per unit phase |
" voltage, 1.¢., rated phage voltage, V = 1,0,

Than Wo, Gymbol  Gemeral Baulvalont Clvcult Solution
3.1 - B 8lip
3.2 Iy Tletr * Ix1

3.3 Bign YR

3,4 22!,“ __;:a + 332

3.8 Tom sa %8
B

3.6 Xao x5

T, Wiy g+ B Iy

3,8 Zopn Scalar value of Iny
L 2 =5

3 Iy, SBoalar value of "fm

| 8,2,1, FULL LOAD AVD LOAD PERFORMANCE
3,11 Secondery :!22 Maam = 123 v,

o
3,13 ‘ 8L Lﬂﬁﬁw = -&W—




‘ 3.34? Secondury inpubpy = 18 (.i.:a)
3,15
3.18 Btray load loss = éutput # é.n. loss pu
5,17 HoP. = output _ Rated HP |
8,38 Ty, 'i'zm = _2__
3,19 Iy,  Scalar value of g -
3,20 pri, 1% losay, = Iiory .
3,21 Core lossy, = Iy2my
3,22 Total lossespy, © F& + Boc,I°¢ + G.L.doss +Prd 1er
+ core loss,
2,83 Input = I3° *’i + IyPry + Sec,input
3.4 Bfficlemoy = ~JAkS
3,28 Power fastor = ﬁgﬂﬁ-
3.28 Nyy  Full load BPH = (1.9 Ny
3.27 Torque, full load mtzu%} = Poy tt.:.ba.
3.8 C Circular ma/mnm - E::":' Sals
842, 2 HOCRED ROTOR "
3,29 Ty, Locked rotor torqua in £ of full logd

= 100 1% l'ax?‘-.

o et

- R T phtion



3,30 ReM Hg {1« a)

3,31 Secondary 12 » magw = 123 ?p
3,32 Féipy (1-5) G;__&Wﬂ at gyn,speed)

| 'm
3,33
3434
3,38 Output = Secondary input » (F&W + I 2 Ta)

R T T LU

3,38 Ty Torque in % of full load 100 x eutputm :ﬁ g& A

END OF BREAK DOWN AND SPEED TORQUE CALCULAT IONS

3,37 1, I‘gpu x (Base smps)
338 I3 Iygu * ( Base amps)

3,3 PSRPORMANCE CALCULATIGHS

The peéformatme ocaloulations for polyphase induotion motors
is nale at | ' -

(1) Full«load,

(11) Lockedmrotor,.

(111) Breskdoun Torque.

Full~load, - The frst triel value of slip is computed from the
input rpm givem, Then, the output is caloulated at this slip, If the
talculated oupput 4iffors from vated by more than ,08%, o new
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— s ———————————————————————————-—pertst
alip is calculated on the assumption that output is proportional
to slip. Output is calenlated with the now slip and compared

with rated outputs if the difference is more than 0,10%, a

third value of slip is calculated and output calculated and

checked to within 0,15%; the tolerance limit 4s thus raised slige
htly on each try until fimally a caleulsted output is as close to
vated output as possible, Thon the items in the "fullwload section®
are computed and stored, Losses are caloulated as followss

F &W, Tisis (F &V at synchronous speed ) x { 1es)

Btray load loss 1s calculated as s flat percentage of output,
Sec I2R 1» ulzg rg (ro 15 caloulated at full.load temperature,)
Pri I°R 18 nIy2ry (ry 4s caleulsted at fulleload temperature)

Core loss 18 the loss calonlated in ru. This amounts to assuming
that core loss 18 proportional to the square of the airwgap flux,

Locked-potor, Rotor resistance is calculated, taking into account
deep-bar effects in single.dage machines, The eorrection for roae- -
tance is taken from Fig. 2.7 Sention 2, Basic deep-bar correction
for resistance iz mede from an empirical ourve that gives about
208 more correction for dars I' or mors deep than doegs the old cu-
rve on Fig. 2.7. In addition, for all diescast rotors, a trapezoie
dal correction is applicd to the deep bar effoct; this correetion
reduces the deep bar effect if the rotor "slot width, top" is gro=
ater than the "slot width, bottom, ™ and increasss it if the
converse is tyrue, Thers is no trapezoidal correction if slot sides
ars parallel, |

After computing the yotor resistance, and the corrcoted slot
congtant, the lockederotor current is first approximted f£rom the
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fulleload reactences, This approximate current is used to calenlate
the-saturated reactances end the lockederotor current i1s again

computed, If the new current differs from the first approximation
oL current by more than 5%, the reactances are refigured uaing the
current just caleulated, This process is répeatad until the current
used for caloulating resctance is within 6§ of the fima) calculated
.lbckadumtor current, The factors used in this final calculation
are stored and appear on the output sheet,

The "apparent locked rotoy maiatance, reaetame and mpadame,
are in absolute ohmg and represent total motor Impedance, Lockede

rotor pover factor can be calenlated by dividing resistance by
:lmpedanoaa

Locked=rotor torque is expressed in percent of full lead tor=
que, based upon caleulated fulleload TP,

| The procedure calculates breaskdown torque by
eva}.uatim of the equivalent circuit, First, the fulleload end
lockedwrotor resctances are averaged and this average is used to '
¢alculate the slip and rpm at breskdown torque, Reactonces are re
calculated at some valus of current within 5% of the actual aurroz_xt' _
at breakdown, by an iterative procedure ns desired for lockedwrotor
torque, Developed torque 18 caleulated from the equivalent eircuit
using the value of ros¢tances Just oalemlated, as well as at

nev values of rotor re&iatanae, with decp~bar effect adjusted to

the actual slip at hweakdown torque. Also, the 'Eorqua"’!:equi.raﬁ to
overcome friction and windage, also strayeload losses, s subtrae

oted to obtain met breskiown torgue., Resultant broakdoun torque
13 expressed as a percent of full-load torque, where full«load

L




- mioostios sl vdivil b Vs

tarquc is baeed upon rated horsepover and calaumatqé full-load rpm.

Itom numbers from ssction 3 for the various ai.rcuw constants

- required in the "General Equivalent Circuldt Solutior® are given

in the table below under " Input Data", The dats rosulting from the
General Equivalent Circuit Solution which are required for use in
Bection 2 are 1isted by ftem under "output date", This section &s
used in cenjuction with section 2 which galculates the equivalent

circult constants, the below table gives cross references item
numbers of Section 2,

- ﬁmtionz o 'u Seeﬁona —

Iten Hm Synbol Full load and Braekdm
load perforw Loaked Bﬁ%r ‘;‘gggﬁ tgggm
nanae. caleulations

3,1 s (300) KIORETele | p

to glve full load . = L0 go 139‘3&'%33%
output, fque c¢ald,

3.2 ﬁlm (04) + 3{182) (94)+3(429) (94) + J(50¢) .

3.8 Ty (207)+3(208) (207)+3(208) (207) + j(208)
34 Toy B Y083 am) +jte30) B +1(e08)
3.6 ®ym (08 (4385) (608)

3.6 mmgm  (182) (@30) (508

3.8 Topu (303) | (436)

39 T (@37)

W Igy (304) | (438) g
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3,11 (308)=500,12p 1in KW
L : = (50 11)1(13)
3,12 {306) = F&Q in XKW
) =(3, 12)x(15)
3,18 (’30?)=§§L Jdosses in
a{3,16) x (13)
3,17 {308)=HP output
: )"(35 1?)2%13)
3,9 209)=Pri, I%r in XV
| % ‘ - (3.20)x(13)
- 8,81 {310)=Coro loss in KW
: “(3031)3(13)
3.82 (311)=Total logses in KW
= (3.82)x€?&37
3.23 312)=Input in KW
> st
3,24 (313)=Bfficiency
3,25 (314)= Power factor
3.26 lln (SIE)HRFH at FQIN
3,27  (318)=Torque,F L,
3,28 (317)=Circ.mils/amp
3,30 {508)=RPY,
3,36 - {809)=Torque 4in
‘ % of Fu.Ls
3.3 I3 (318) (440} (s07)
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4.1, General
| 4.1.1, Rating,
4.1.2, Rotor,
4.1.3, Winding.
4.1.4, Core punchings.
44145, Location of Colls in 8lots,
4,1.6, Winding Resistance and Copper voight,
441,7, Saturation,
4.1.8, Core Losses.
4,19. Full Load Reactanos,
4,13 0. Full Load R.ofm Rent stanco,
4,1, 11, Backvard Field Rotor Resistance.
4.2, No Loxd Performance,
4.3, Full Load Performance,
4,4, Caleulation of Botor Resistenco at any 811;;6).
445, Locked Rotor,

445, 1 Rotor loskage Heactance at any current
and 311?0 .

4.5,2: Locked Rotor Galeulutians.
4,6, Break down Torque,
4.7y Switch operating Speed,
4,8, Evaluation of Capacitance of Condensers,



This procedure outlines the formulas and procedures to
evaluate the squivalent circuit cm.st'ants necessary fto calculate
the performance of a single phase inéuction motor with magnetic
oircuit dimensions and vinding known, This section ssrves the
same purpose for single phase motors that Section 2 does for
polyphase motors.Four types of motors are covered. |

(1) Capacitor Start,
(11)Two Valve,
(1)Permanent Split,
(iv)Split phase,

Procedures and formulas for caloulating performance, using
tho equivalent éirmm, are given in Section 5, Stator and rotoer
punchings are calculated as shown in Section 6, Performance for

any point on the speed torque curve from no load to looked can be
oa}.culat;ed using this Section in conjunction with Section 5, The
formilas in this section have been also grouped into seotion acce
ording to the region of the speod torque curve as in Séction -



1 Type of motor (1; Capacitor start
{(2) Two value
fa) Permanent split,
4) Bplit phase,

2w BP rating |

< I Main phage volts

4 Va Aux, phase volts.

8 £ Frequency.

6 v Poles.

7 B Full load RPM, estimnted.

8 L Grosa dron,

9, Shaft material

10, Motor temperature, hot OC

n % Conduotivity,

2 »n Bar area

13 Bar extension.

Ay Ring area.

18 Dy Ring 0D,

16 Dy Ring 1.0,

w o Skew, % rotor slots,

18 £ stray load loss, estimated,

19 F & W at syn.RPM, watts,
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2

31

Q@ ®

36

37

IrC

Ko

e

PC

e

wpe
TPC

- OQuter most ga&l spen (teeth)

1 outer moat coil,
2

3

?

8

Strands/conductor,

ﬁ!, 8 barag

Dia, over insultation,

Ro, of alrcults,

Mux, Winding. ,
Outer most codl span (teoth)

0

PC
TP¢
e

gy

b 3 mtor nost coll
3

4



Strands/conductor

43

45

Qs

Dis. Bare,

Dis, over insulation,
Ro. of clroults,

Starting MFD

486

47

Btator Core Punching. |
Outside dia, stator cald.sheot item (1)

Qap dis, stator oale, sheet item (2)

Typs of slots,

No.of slots stator sheet item (9)

Blot depth stator sheet item (4)

Slot open:lzig stator sheet item 8y

Blot pitch stator gheet item (5)

Tooth face ‘atatm sheet 1tem (16)

Effoctive toaih width statez"sheet item (19)
Effective tooth length stator ihwﬁ 1tem (20)

Effective yoke depth stator sheet item (81) .
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43 ~ 8trands/conductor

41 Dia. Bare,

42 Dia, over insnlation,

43 qg Hos of odreuits,

- 44 Staxrting MFD
45 Bunning MFD

Stator Core Punching. ,
48 D . Outside dia, stator ¢ala.sheet item (1)

47 Dy Gap die. stator cale, sheot iﬁm (2)

48 Type of slots, -

49 By  No.of clote stator sheot item ()

- 80 4y  Blot depth stator sheet item (4)

51 Wy,  Siot opanihs',stgtbr: gheat item (8)

g2 A | Slot pitch stator sheot item (5)

53 ¢y, Tooth face .srtato‘r sheet 1tem (16)

5 by Effeoctive tonﬁm wvidth stator sheet item (19)
55 840 BEffective tooth length stator ihaa‘ﬁ item (20}

56 dyy  Effective yoke depth stator ghoot item {(21) .




Ay Het slot witidz;ng area stator sheet item {31)
Pormissible NDZ,

Kg1s Slot constant, oir, stator sheot item (36)

kyy, BSlot constant, winding, stator sheet item (33)
ROTOR _CORE PUNCHING. ,

Dg  Outside dia, Rotor sale, sheot item (1)

Dy  Effective inside dia. Rotor sheet Lftem (2)

8g  No. of slots, Rotor cheet item (8)
Type of slotss |

dp  Bar, depth, Rotor sheot item (4)

¥n3 Blot width, top. Rotor sheot item (0)

N~ Slot piteh, Rotor shoet item (11)

wgp  Slot opening. Rotor sheet item (15)

ty  Bffective tooth width, Rotor sheet item (20}

8, Bffective tooth length. Rotor sheot Ltem (21)
Yoke depth, punchings Rotor sheet Litem (22)

gy Blot constant, winding. Rotor sheet Ltem (23)

iy Bridge thickness, Rotor sheet item (6},

354  Depth, slot mouth,Rotor sheat item (7)

Ao 8lot area, top. Rotor sheet item (25)

typa Slot constant, sir. Rotor sheet ftem (28)

w3  Slot width, bottom. Rotor gheet item (10)

7 Base volia = (3)



5% .

79 Ve Aux, phace volts, pu = Va/Te = (4)/(3)
80 Py  Bass paver =HP x M6 = (2) %46
81 Iy, Bage ampa 2 Ppp/V = (80)/(78)
82 -pu  Base ohms = V/Ipy ® {78)/(81)
s 1,8, LOCATION OF COLLS AR BLOIS
83 Ng Synchronous RPM, Ng = 120 £/p = 120(5)/(6)
84 K4 Btacking faotor (0,98 for Insuleno Vernish)
86 Ly Mot iron KL = (84) (8)
86 g Mr gap, actusl, inches. g = 4 (D3 - D) = & [(a7)-(6D))
87 \p Pole pitch, A\p = W (Da=g)/p = TlL{a7)«(80) ] /(6)
8y/p = (49)/(6)
Cose  B8y/p  T3(20) = T1g (33)  spite
I Even #84/pel = 81/pn1 Hone
I Even 284/p = 81/p Both
11X o04é = §y/p-1 = ge/p Aux,
IV oda = 8y/p % By/pel Main
Blots to be considered = 84/% = (88)/2
8lot No.l contains TPCy
No.2 contains TPCsz,etc. \
No,(81/2p) containg TPCy, +
maln wdg, in same slot 1'? any

——
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st:ﬂ» n” - "* 'z ”d
containg TPCo,. * main wigs
10’ sane slat gf gny, {g‘fea ‘ &

*

Slots to be considerad : (?1/23? + 1=
88)/2+1
8lot No,1 contains 2TPCy L(8e)/21)

8lot Na2 aontaigg’mggt: N |
2TpCy, * main
Nﬁg, (gy game sgg%, a&am Yo

Wo. [(Sy/2p + 1 )~1]contains TPCy,
* wain wdg. in same slob, if any,ote,

Ay ¥

Slots to be considered = (a +,8)
L(éa )/2+8 )

Slot No.l contains TPCy

No,2 contains IPCo,ete,
No«(81/2p * ,5) cantams BTPCM + matn
wg, in same slot, if any,

Fo, ((sy/2 g .B)ull contains TPCpq *
maln wig. in same elat, if anj,eto.

Case IV Maln Wdg, Split.
Blots to be considered = (89/8p + .5)
= ((88)/2 + afﬂ

Slot No.l contains 2IPCy
- Fo,2 contains IPCoy ete,
n'o. (81/ep .6) containa TCy, * main wég,.

Rn sama wlet; 1 o+ o
Os ~11 containg - maln
wag. iﬂ Bam % 1]1’ m)y’ sto, 28
Example . 36 slots, 6 poles

mnain wdg.-»s colls per pole, Ty 2 6
Aux, wdg.- 2 colls per pole, Ty, = 6

Caloulations 8y/p = 36/6 = 6 and 1is even
11 = Qla £ Bj/p & 6

« « Example in case Il Both cnus split

Using rules for Case II
Slots to be considered = (Syzp *1) =4

8lot Noy1 contains 21PCy

Slot No,2 contains TPGQ

~* Ko.3 contains TPCy + TPCgg
Fo.4 contains 23‘?03_3 .




89

91
92

93

95
26

97

59

o e

Slots 1 2 34 6 6 78 95 10
¥dd—~ 77 vV

P\

R NV A W Ve

Catie nunher; selgcted
Slots to be considersd.

Slot No.1, contutns y

- 8lot No,2 tontalns,

§lot Ho.3 contains,

Slot No.4 containsg,

8lot Hmﬂ» sontaing,

Slot Ho.6 contains. -

- Blot No,7 contalns,

Slot No,8 containe,

8lot No.® contains,

8lot Hﬂ‘gw containg, ,
4416, WINDING RESISTARCE AND COPPER WEIGHT MAIN
___ WINDING o |
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60

ppTor.

i TFP

102

103

§ 8 B K ESE BB

g

6K

28

PP,

Turns per pole, TPP = Total of items (24) to (30)

™0, coll span, Tg = T1~ 2 = (20)-3.
TPC4 coil span, T3 = (ao:) -4

TPO;; coil span Ty = (20)-8

TPGg coll span Tg =(20) « B

ﬁ?ﬁe coll span Tg = (20)«20

TPCy coil epan T, = (20)-12

, 2 0% = a4r (TN |
teh factor = 81 gﬁ- . 90%) = 8in | 90°
Pitch fac n { 5 ) n(&)%)

Effective turns per ¢oil = TPGH % piteh factor N,

Etfecme turns per pole, S‘PP = Tatal of items
: (118) to (121)

2 {no, of main wig, agila) wl
(128) - 2

(123)~4

(123) - 8

(123) » 8
(123) » 10
{(123) « 12

Actual CH per conductor/1000 =  (20)(30)2  x 103
Total D2 x 102 = (e9)(a1)? x 202




b1

55 |

140

a1

a2

33

ACB

MLC

-

%muu-rpc x mzxm% /m araam' x m
(57) * 44

1g alétz contains split coils , multiply by 2
A. = 0 for two coil sides per slot
= ,007 for one cail side per slot,
w:.tn one coll side per slctio ’geseparator is used

and the wdg, area 19 equal m (57) plus the area
of a slot saparator,

1?01 f i f + MQ X Kz metﬁ;

&

Weightod average coll span, ACS
. TECyx Ty * TCp 3 Ty o= ote,
e \

Winding factor = Eff tur ‘
mma par pale

Bffoctive series comlustors, Cq = CKy = (141)(142)
Meen length conductor, MLC = L + Lge

= (TE +41)AC
| g‘t[oﬁ ( n&i—-—l— "'ti} (m,,nwl

n {64) )(139) +
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146

7

8

151

.

U5 »y cold

rLpu
hat

ohms resistance @ 25°C , “r.,t ¢cold

s Pl Wld

= Jd 2 3

Copper welght, 1bs, = 0,275 x 10™° X MIC x € x qx
CM/1000

= 0,276 x 0~3(144) (141) (32)
(131)

AUXILARY WINDINGS

Ws’ C Span Pitch Effeote Ny # Pail
| .. Factor :WQ e | |

8 c:m (33} (183) (1s8) (164) (171)
4 (35) (W9) (168) (1) (185) (172)
3 (38) (150) (185) (160) (1e6) (173)
2
1

(37) (181) (166) (161) (167) (17%4)
(38) (152) (157) (162) (168) (178)

Turns. per pole, TPPg~¥otal of items (34)thru(ss)
maa coil span, Tog # Ta=2%(33) = 2

TPC3, ooil span, Tgg = (33) - 4
TPC Sa %oil span, Tg, = (33)=8

Se——— e —
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M iy

177 A0s,

178 Ca

fta1 = G (DB 2 10%) /g, eres TIELUM)

Fiten factor = Bin (% 90°) = §in % a0%)

Effective TPC = TPCR, x pitch factor N

Effective turns per pole, TPPQQ 2 Tota].’ot {tens
(158} « (162)

2 (no, of aux, wig, coils) = 1

(es) =2 |

(164) = 4

(164} « 6

(164) « 8
Actual CM per conductor /mao = (40) (41)3 xm3

- Total D2 x 102 40) (42)2 x 12

Total series aonﬂua!:ors, Ca=2Xpx Pg.
9a

- ala) e




178

181

182

183

188

186
187

189

kva Winding factor = <3

Cen  Effoctive sorios turns, Cea = Ca Mua = (378)(179)

a a Ratio, a = . Caa = ,,,ﬂ%g;_
! Co (14

MLC4  Mean length conductor, MLC, = 1, + Loe

& + [05 + (“{b?& dv) - ti) (176) + ﬁzgl fg;)gcsg }
. | Lo

w(s)ﬁ[,s ( w s w(54) (i?&))

$1. cold Ohms resistance @ 28°C 4 73, col
e 08l x 1073 = MLCa x Ca = Q88110
" qa % CMa /1000 ' -

F1q hot Resistance ,per unit, hot, Py pu hot

Copper weight, 1bs = 0,276 x 203 % MiCa x Ca xqa
= 0,276 x 10-3(182) (178) (a3) 69"
ZOTAL SLOT FULLNESS | |
£ tull total = % full mean wig, * % full auz.wig.
£ full slot No,l
No.2
Ko.3 -
Fo.4 | .




96 ¢
197

18 C
19 ©,
M0 C,
201

202 dyp
2038 Ayy
204 Ay
206 Ay2
206 Az
207 Ag
208 Ky
200 Kg

63
190 391'5
191 NOQ 6 |
:93 HO& 7
193 Ho, 8
194 No.9
195 No, 10

Flux per pole, kilolines, # = W = 4__%% |
(3 5} {14

A (eg * v10) = (82) Ls!(ae) + (51) ]

vy (g * wi) = (51) L(ge) + (s:t)]

Cartor, stator slots, ¢y =

Carter, rotor slots = 1.02 for ¢losed slots,
Effoctive yoke dapth of shaft = 0,657 z.bswa‘

. )
Effective yoke depth,rﬁﬁaf, dgp = (71) (201)

Stator core arca = SLy dyl = 2 (85) (56)

Stator teeth area # L eor 81ty/p = (85) (49)(54)/(6)
Rotor core aves = 2 Ly dy2 = 2 (85) (202) '
Rotor teoth area = Ly Sg to/p = (85)(63)(62)/(6)
Mr gap area = pL = {87y (8)

Primary flux constant, assume = ( %}




210 Byl

211 By
2z By

. 213 Bee

214

216

217

218

219

a21

223
224
226
226
227

'Bg

Stator core 1ength = 1.571(9-631)/» ﬁl,&?l IJ_(4

" Stator gore denstty = lfAyl = (193)/ (203)
. Btator testh density = 1,57 #/A¢1™ 1.57(196)/(204)
‘Rotor core density = Kef/Ayn = (209) (196)/(205)

. Rotor teeth density = hW/‘&aﬂ 1,57(209)

= (196)/ (208)
ALr gap Gencity = 1,57Kg #/Ag <1567 (208)(196)
| /€207y

Ampere Turns por Inch )¢ Path Length

. AT/in, stator core from Fig.4.,l, density from
* i F1 83

AT/4n, stetor testh from Fig.4 i-éenrsity from
/in, *1ten (211)

AT/in,vetor $ore from Fig,d.l, density from
tem (212)

AT/in, rotor teoth from Fig,«&.l,aensitg fmm
\ - item (213

7(6)
Stator toeth length = d1e = (65)

Rotor core length = 1,871 Dy + d¢n)/#
2 L6571 (61)+(71) /6)
Rotor teeth length = dgm = (1g)
Bffective gap length = g€y Cp = (86)(199)(200)
Stator Gore AT = (215) (219)
Stator teeth AT = (216) (220)
Rotor core AT = (217) (221)
Rotor teeth AT = (218) (222)

s " » " s



228

i saisboiintigh _ —

My gap AT = 313 Bs B¢ = 313 (zléz) (223}

529 Totel AT per pole = (204) + (226) + (226) * (227)
| + (228)
290 Kgp Saturation factor = %
45348, CORE LOSSES |
231 Stator core volume = Ayj X stator core lemgth x p
= (203) (219) (6)
28 Stator teeth volume = A4i x stator teeth length x p
= (204) (220)(6)
233 Statar core, watts/ind at 60 ¢y, From F1g,2,2. and
using iten {210)
234 Btator teeth, watts/in® at 60 ¢y, From F12.2,2 and
using item (211)
238 Btator ¢ore loss in watts at 60 oy = (231) (233)
236 Stator teath loss in watts at 60 ¢y = (232)(234)
2387 Surface loss in watts at 60 cay.
= 3,83 x W™ 332 BT { b D42 _/a‘“
, »./P
(..12) L26 z1
- 5,88 x 00 (@) /BT ﬁ-—— )
- 1
) ~$1"%% @
238 Total 60 cy. core losses in vatts = (238) + (236)+(237)
239 Frequeney correction factor = 0.8(&) + 0,2( %}3
=08 &+ 0.2 <‘%>
240 Core loss tctal = (238) (229)




b8

.24l

243

20 (10g) 1 Cox ™ +41123(23)2 » 08073 (263)2
M5 Cge  Cge = 1=~ {(MCq) =1~ (204)

+ 32344 Cy
ga Bger P

246 Py .Magnetizing permeance, Py =

247 Kgi  Stator slot constant total, Kyy ™ Kgla + Kply
| = (59) # (60)
;%8 C;  Stator slot correction factor

ﬂx K. (Wclﬂ ¥ Wﬂa e Gﬁt‘-‘)_i_
T TTEETRE A

(101)3 (14252 4 (6)

249 Pgy Btator slot permeance, Pgy = 2210 L Ky Cx




5 ” vSka.w 'amaénaa»l’ a (WCadPy o (224)(
261 Py P r Pak ...%m.‘.’le U
NS ' . ‘ ACE =
252 Welghted average pu  c¢oll pitch = Sk
| voree g SRh E 5
263 Stator ond constant from Fig, 2.4 wih item (87)
for pole pitch and item (252) for coil pitch
854 Pq1  Stator ond permeance, Pey = $263) Gyc « L)
- - (ue2s (871 (282)+1,1 ] p
865 Py  Total atator permcance = (249) * (250)+(251)+(254)
256 EstyFL sec, amp = SOOGE)Ng u.(@mauam__
VKe Ng1 (78) (208) (7)
Thes 1% an estimato of the backward Fisld Rotor
Current, _
7 ; 0,9 . :
287 (2 Cy Ip est) - (
..-ég.a%._. |
268 Rotor slot constant, bridge portlon, full load
= 13,800 ¢ 821 )*1 ( 8o &y O*°
o0t (e e ~unt
ony 01 |
= a0 (E 1 —pdy—
289 Ky FRotor slot constant, totel full load =(72)*(259)
260 P Rotor slot permoance, FL = S 19L 4
w ‘ ¥y ’ 3-5-2-—&2-
= 2.,39(8) (
63)
261 Po Total rotor permeance = (2850) *+ (261) + (260)
262 2y xmemaing roactance = Reacts Conste x Py
o

= (241) (246)



263 X1 Stator loskage roactance © Rémst.%nstx Py

e
= (241)‘ (255)
264 xp Rotor loskage reactance = React, const xz Py
P = (241) (261)
265 Ke Primary flux const, Kg =
Ca&mlatians that fallw are based on the use of same
material in both bars and end rings.
266 Per unit rosi stanae constont = 1?8‘6 x 10-6 cgc
pu X ® con
267 Roslstance constant x 100, pu = (268) x 100
268 Bar length = (stack + extension) correction for skew,
=@+ an) H\* (‘%}-@% Y]
Bar factor = 753‘7%7_

270 Dy Digmeter at rotor s.lot centres = (Dg » dp) & (61)-(66)

271 Kring BSee Figs 2.5, g’-—— tn_"'m -&%’- ¢ poles fron (6)

272

273 1o

coldpu

s637 Dp Kpgnp = 0,637 (27
2, (62 (1)

Ring factoyr = 0

Rotor rosistance, cold, puy ¥y cold pu

= Roglptence const (bar factor + rmg factor)
= (266) ((269) + (272) )

274 rohot  2ohot pu = pg cold pu 228 S hot tamn.
2 , _

= (o73) 225100




B!

278
276 K  Deep bar. eorrection for reactance; s = 2,sec
7 Fig, 2.7, bar dopth from &76) .
. Degp bar correction for vosistaned, s = 2 ,s6C..
277 r Figf 2474 bar depth from (275) ’ e
o LERly 4 1) ® |
78 Kf  Kp O e R 8

mg'ggﬁ) - ¢ %-%-) -1 )=

= _‘ A7 *‘i) { 2?7) —

279 Kgg  Rotor slot constant, 8 = 5
- = Slot sonstant, bridge + XKJ (slot const, wig)
= (269) * Ky (72) | |
' otor slof o = 310k Kog
280 Pog Rotor clot permoance, & = g = S» 1L Koo
. 2 .

281 ¥y Total rotor permeance, s = 2 = (250)+(251)+(280)
282 wpei-  Rotor leakage reactonde , 8 = 2 , pu = React, const
By . a1 (1)
283 ro cold Rotor resistance, s ® 2, cold, pu
pa - = Restatance const (bar factor) Ki + Ring factor

822 = (266) [ (269) (278) * (272) )
284 rp hot Rotor resistance, 8 = 2 , hot, pu

P |
852  °rpoold pu EREQQE LA s (0p3).2832 (10)



2

288 8 611p at no load, 8 = 0
286 'robfl Backward field rotor resistance, pu ® ¥ hot pu
| (o=2) /2= (284)/2
287 Xy  Backard field votor reactance, pu =
Zopa (8 = 2)/8 = (282)/2
288 31331 | Aux, wdg. stotor lomkage reasctance, pu = L
| mﬂ,axm_a'(m,a (263)

Items (289) thru (294) calculating in Bection 5,

289 - Main winding amps,
200 | Aux, wind ing amps,
‘991 No, load amps,

202 No load watts,

2093 : Aux, winding volts

204 Capacitor volts,
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285 8
286 rgbfl

287 Zopey

288 X3.n

21
202
203
204

8lip at no load, 8 = 0
Backward field rotor resistance, pu = ¥g hot pu
| (8 =2) /2= (284)/2
Backward field rotor reactance, pu =
Xopy (8 = 2)/2 = (282)/2

fux, wig. stator leskage remctance, pu =
1.0 a2 xypu = (1812 (o83) -

Items (289) thru (294) 'éalcn'l‘ating in Section 5,
Main winding amps, ‘

Aux, winﬂing amps.

No. load amps,

No load watts,

Aux, wvinding volts
Capacitor volts,




200 B Blip at no load, 8 = 0
D01 rorel Foruvard £ield rotor resistance, pu = rshot pu
= (274)/2

02 ropel  Backward field rotor rosistance, pu® (286)
03 Xppey Forward fi6ld rotor reactancey pu = Kon,/2°(264)/2
04 Zoped ‘Backward £10ld roter reactance, pu = (287)
205 X1gr1 Aux, wig. stator leakage maotmce,pu = (288)
306 Primary 121*, watts

4207 Baecondary I%p, forvard, uatts,

208 Secondary 1%, backuard, watts,

309 Core losses, watts,

310 . F&W loss, watts,

31l Stray load loss, vatts,

31z Total losses, watts,

313 Ny  RPM

3 £ full load

318 T¢y Torque, oz=ft,

318 1:1 Full load .amperas; line

317 imgl Main wig, amperes,

318 Igpy  Aux, wig., ompores,

319 Mein wig, vatts,

320 Auz,wdg, vatts,

321 Efficiency -

ag2 Power faotor,
323 Vepx  Capacitor volts.

34

Circular mils/ampers = Wu&




380
351

367

368

369

Kp!

Pofou

col,

hot

Swg

2fpu

Slip baelmard fleld

814p of forward ﬂ.e].ﬁ.
Fiotictious bar depth, forward field =
overall slot depth /¥ ‘ '

AATI (6] _(3t0)

( )_-/ | 0 % 60

Deep bar sorrection for ree.etance, use Fig.2.7,

Bar depth from (351)

Bar dopth from (351)
ke = (38l 421)
mﬁ“

Deegp bar corraction for rasd.stance, use ?13.2.7,

Rotor resistsnce, forvard fiald, mm

= 0,6 x res, const, (ring factor * bar factor)
2 0.6 x (266) [ (272) + (269) (354) )

Rotor resistanca, fomarﬁ field, hot

ks 4 (3 }& akip (368) and put (3859)=(352);

Fictitious bar dep*m. baekward field

Deep bar correction for reactance, use F‘ig.z.?,
Bar depth from (358)




361

362

363

Kb

KRt

cold

obpn
hox":;: 8

9,5(268) [ (272

Daep ber correction for rosistance, use F1g,2.7,

Bar depth from (358)
Knp' “L%} +1) (360)

W -

Rotor resistame, Ra:(zggggﬂ (giﬁ%d cold

Rotor resistands, backward fiold, hot
- =(362) asg ‘

- .

364

366
366

Effoctive rotor slot opening = ¥gh = Lﬁgl

Sum of slot openings = Wyy + (364) = (51)+(364)
Minimum 2igzag area

- [ o Lo eyep

Moximm working Gensity of useful flux = largest
of 1tems (210) to (213) inclusive,

g




o

T2y 4xp czea)* (268)

Bstimated lockodwrotor amps in mein wig
“ht - gt

Estivated Igpy © 0495 Ipp * 0.96 (401)

Apparent zigezag flux * 2,828 Cqlyyy, X 22 perm x 103

= 2,828 (148) (81) (401)(250)x 203
Apparent sig-zag flux density = .&%.

Z1gezag correction factor, Use Fig,a. 6, denaity

Unbalanced air gap por unit mmf, dus to skewing
= .1.%7 x :m skow % I;,pu Igu %

1;....\

Apparent max,density due to skowing

Bkew(gggeaﬁim factor, Use Fig., 2.6, density from

(249) + (268) * (408) + (400)

n -mmw,wjnm}
401
402
403
404
408
from (404)
408 Pggi, Zigwzag permeance = (250) (408)
407
408
= (407) {230) (367)
409
410 Pgyy, Skev permeance = (261) (409)
41 Xy Total stator leakage reactance , pu
412

* : ‘ boi 4 o Y
2 v21 ‘

If (412) 8970, omit (413) and put @) = 0



- ?
-3

413

44

415

416

417 Poey,

418 xp1,

419

420

421

ﬂbez. 8+ %1—— (412) = (73) +32 (ue)

Rotor slot constant 4 bridge portion

= 1900ty dp * g opg
vo1(412) \ bel
66)(412)

Rotor slot constant, foruward ﬁal&
= (414) + (352) (72)

Rotor slot permeance, fofward field
= 2:.1:_2.!'.&&# 3.19 (8) (418)

Total rotor leskege permeance, forward fisld
= (406) + (410) * (416)

Rotor leskage reactance, forward ficld

0.5 (241) (417)
If 8 = 1, onit (419) thru (421) and put (422) = (218)
Rotor slot constant, backward field |
= (414)* (359) (72) |
Rotor slot permeance, backward ficld
Total rotor leakage permeance, backvard field
= (408) * (410) *(420)
Rotor leskage reactance, backwarﬂ field
0.5 (MY) (421)
¥g hot, locked rotor = 8 x ro + L = 2 (388)
X locked rotor = 2 x xper, = 2(418)
Aux,wig, stator leakage reactsnce
Tlal = %:-xaaxn;hmma % =1
B8 x (18) (1) ,



Put g = 1.0 and atart at (350), caleulatang the
neoded constants the equwalent eircuit, Tho following
items are computod ﬂuring ovaluation of the equivalent
exrcum and salculations made as in Sec%ions,

426 Ry (léaﬁg’wmdme, res&stmce, total, hot, pu £rom

» ~

427 X, Main vinding reactance, total, pu, from (5.49)

428 Ry  Aux, winding resistence ,hot, pu, from (6,52)

429 X,  Aux,winding reactsnoe, hot, pu, from (6.52)

430 ot Capact tor resistance, pu, from (54 a)

431 %, Capacitor reactance , pu, (5.37)

432 Locked watts, |

433 Locked torque, oz.ft,

4% Ij  Locked ams, lnel

436 Ipy, Locked amps in main wig.

436 Iy, Locked amps in aux,wdg,

437 By, Capacitor volts,

438 Eﬁb A‘J&Wa&p volts,




Ace. 6250 ¢
CENTR A, 5P apy UNIVERS) Ty OF RooResx
‘ ROORKEE, '




502 Estimated snp at ‘bream&own torqué, From
o Section 6, and (501)
503 Bstimated main winding ampéreu at broakdown torque
| Bst I = gy Inl
Hﬁ‘v -
= (317) * £436)

504 Betimated Igyy = 0.95 Igp = 095 (503)
Substitute item (508) for 1t (350) end ecaloulate
ttems (351) to (368) inclusive, Substitute item
(503) for it (401) and c‘almilatﬁ 1toms (402) to (422)
(428) 4nclasive,

These celculations give the cireult cmstanta needed
o compute torque as calculated in Section 5,
606 Iyr  Main wdg, ampores at breakdown torque
806 Ny  Spesd at breskdown torque.

807 Tyr  Breakdown torque, ozeft,

600 Slip at switch &perating spsed s = 24
vse constents as caleculataed for reakdown torqua.
Refer to Section § for results,

€01 Bpeod at switeh operation,

€02 Torque st ewiteh operating spoed, oz-ft,

603 Main winding amperes at switch operating speed,

604 Capacitor volts at switch opwating speed.

608 Aux, winding volts at sviteh operating speed,

. 608 Main winding amperes at switch oporating speed,

607 ?qrqup at sultch operating spoed,




_ . 5
=
Running Micro farads = ég;;. { % ) ?5%' |

Ace. 6250 @
ENIRAL Lispapy UNIVERSITY OF ROOR¥EX
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5.1, Equivalent Cireuit,
5.2, Equivalent Circuit Calenlations,
542s1s Full Load Values,
642,24 Locked flotor Vglues,
52,3, Unvarying Cireait Constants,
6.3 General Equivalent Cireult Solution,
8.4, Coleulation of Absolute Values,
- 848, Calculation Chart,
6.6, Effects of Miemfaraﬂs on Starting Torque,
6.6, 1, Mfds for Haximnm Starting Torgue.

5, 3,2, ¥fde for Maximum Starting Torq'n.
per Ampere.



This procedurc 45 used to calculate the performence
of a gingle phase induction motor at any point slong the spoed

torque ourve from locked rotor to no load, The caleulations
are dased on the equivalent elreuit as por shown in flg. 8.1

5¢ 1o EQULVALENT CIRCUYT

In Fig, 6.1, 1s represented the equivaient cirquit
upon yhich the whole procedure 1s baged. It 15 the exact aquie
valent circuit, Theé quantitie¢s which appear in the equivalent
eircuit are given in Séeti.on 3,1 This aquivalent airéuit has
been derived by the Double Revolving Fisld Theory of Single

phase induction motors,

5&204_ - E —t C TC C ;

8,1 Type of motor 1) Capacitor Start 3) Perm.Split
2) Tws.value 4) Split Phase

B2 H.P. Rating,

5.3 Vy Mainephase volts, actusl

5.4 V¥, Aux,~phase volts, actugl

5.5 £ Freguency

5.6 P No,o0f poles,

6,7 Ngy  Full.load RPM, estimated

5,.8 a Hinding ratio = %————n

5.9 & Strey load loss

8. 10 Friction end windage, at syn.RPM, watts,



%4

5,11
. 12 01,

8,13 Cg,

5,15 1

'5. 16 s
8 ?;.7 Togsl
53t

5,19 z1q

5,20 xXpefl

Peo loss, watte,

Sterting wed,

Running mfd,

R’siﬁf ans" Vﬂ-ﬂdiﬂg, hﬁt; p.m
n@ﬂo ot mumding; hO'bg 19
Rotor res.fo forward field, :;1., Pelds

Rotor res, to backvard field, fal., p.us

. Pri, leakage peactance of main wdge, £,1l.,p.u,

Rot, leakage reactance io forward field, f£,1..psle

5; 21 Xont1 Rot';. legicage reaotance to beskvard 21614, £, 1. ypuide
5,22 x1agy PPl leakage reactance of auz.®#igy, f,l., pou.
5,23 p Y Megnetizing Reactance, referred to main vﬂg.',,ip;nn
Ge24 L, Botor res, toforyamd and bsckwapd fields, locked,p.u,
= tonh
5e25 . Xqy Pm.laa!:agﬁ rezotance of main wdg., locked,p.u.
5426 Zppr, Rotsleakage remct, to forward and echward
: fields, locked peu.
o,
8,87 xm Pri,leskage reactence of sux.winding,locked,p,u.
‘ o " " BRSNSt ol e "
117
5,28 Vi Base volts & ¥y = 'O

Auz,phevolts, pette = Vo/Vy = (5:4)(5,28)



530 Ppu Baso power ® HP % 780 ~ swems — ..

§:31 Ipy  Base mups, ® Ppy/Vy = (8,30)/(5,26)

5,32 Opn  Bace ohme = Vy/Ip, = (6:28) (6,31)
6,33 ¥,  Base s:aeed = synRPH = 120 £/p = 120 (5,5)/(5.6)

5. %4 | | 81;ray~1ﬁad lﬁsﬁ a‘b i“ull 1%&&‘, pm. = (509)/ 106
5,36 . Fr:.ctmn aneé winda.ge,' at syn,speed, p.u. 25,10;/
5,36  Fao 1058, petle = (8:11)/(5,30)

5,37 X, - Capamﬂq&ntance., starting, p.u.
1£C, =0y Xy = 0 12 (5,18) = 0, (5;37) 20

5,8 ZXgri1  Capac. roastance, running, p.u.
| AL Cpy =0y Koy 7 0 42 (5,13) = 0,(6,38) = 0

8.39 gy Conductance of magnotizing tranch, rhos,p.t.
. " ;%;- = pette fo logs g a&s_ggx T Xobfl,o
e (.2
5,40 Ty ‘Busceptance of magnetszing btranch,mhos, pP.us
e vall -
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- B 1 eswraiat-‘ce f stg,capac,, -
S.408 xqy  Bmelt R EONREA e
 5,40b 1oy Equivalent series resistance of rng.capacs 320 Dhat
5.41 8 Sl!p, in p.u,
8.42 ¥ Admittance of forvardefield rotor aireulbypeu.
8 Yat (s = 0, Fag 50 yEe
1fs#0 |
Tar © oS 2 egr « Jbor
5,43 Admittance_of backvardefi6ld rotor clroult,p.us
» ?ah M"”&?zb = 0 $De
its#R
5?3" * 3 %2
844 Y  Apparent adnittence of forward field, including
magne ti xing reactance, p.u. '
| | * Vor * oy Ity #0p . 4By
545 2,  Apperent impedance to forward f£1eld, including
‘ | magnetixing reactance, p.u.
= 5 Ry + ‘
548 T Apparent admittance of backverd field, inocluding
magnetising roactante, p.us
=Vop @i~ ity By By
8,47 - .ib ~Apparent impedange to backwarf fleld, including
ﬂ&gﬂ@t‘ﬂﬂg NW‘EWQ, Palle
5 wles B Re b o8 Xy
4 =Ry 4y »
. 8448 Wy Prileckage impedance, p.ite
B.49 3 fotal impedance of main winding

ag +Z.+% ©BRati Xa
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580 Ty,  PM losksge impedance of sux.wdg.

- ¥ rla Y ixyg
5,51 8y Inpedance of capacitor
b ) * )X

5,62 Zy,  Total impedance of suxilMary winding circuit
C w Ty, v+ e (2 4 2)) s By, ¥ IXgy
5,63 Yy Current floving in main winding

x_a,'é'rw&v s @) _,, .. Tt8=L0
‘ z!zl‘g w B ‘mezb) ‘

8.8¢ I,  Current fioving in mmzrymmm;
Yua mzr“;a(g Zb’e .
Tl > & G- v

T m - |
& s
5.58 T, Current ﬂMng in natn winding
Ty =1 = ag*“ A+ g8
6,56 Iy  Bquivalent tarwan\luﬂqld ourrent = Ty
8,67 T, Bquivalent backeward field ourréent = T,

558 Ty Bquivalent forwardefield current = Tn = Jal,

6,59 Tp  Equivalent backwward fleld current = T & 4u%,

8,60 Tg Forverd torquey p.u. Te = (1% Be) Saf
e = (Ig 3&‘

6,61 To Backvard torque, pous Ty * ( Ip° By) g,%p_
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5.68 T et clectrical terque, pous T% Ty« B
5.& | , Stray load :mas om‘rectim factor

{ Bote = M full loady
is iton = .’l

it s #

8,63 Output pover ;é;u; If 8% 1, skip this item
utpu pwer Pelle ,

86 8  RPM 3Ny (1. 8) ® (5.33) (1« (541))

5.68 Torque, in oge=fs
| 6N BT %

5,66

8.67 %g:. Pri, Iar losses = [Img !1 + Iaa 12 | Pm
bt |

5.67a 5a’m Pri. 1% losses ¥ P 3 Ppu

oni .
5.68 Sec, I°r (2) = 8 T¢P pu
5,69 83’@. !% (t) ® (2-8) Ty Ppu
50”_ Bore lols

it 5 ™ 0, use 1%, (8)11)
ILtapgo

¢
Core 1@;&5”‘,«3;*04- Eg—')mpm

i o i, - b i AN



i o p———— R ——" s T e —“" T
6,71 Fricticn md windage * (5, 10) x (1.8)
8,72 Stray=load loss = (5,62a) (5.63) (6,38) (6.30)
5.73 Total lossas = (8‘6‘7} or (5.87&) + (8.68) + (8,69)
+ {5,70) + (3,71) * (3 .?2)
5,74 Linc mperes = Im a B Lma Ampgmsalp 1 (3*8)3* m‘
5.76 Main Wag, Amps ® waA] v B2 Haln Wag,Amps=Tny 42 + 52
- 8,78 | Aux,Wag, Amps, = 0 | Aux, Wag. Amps=1,, gPm2

| . . w ) g ,-l!:g’si.!:‘;» B
sm Main W:tnﬁing wcwwpu Metn wmmg Watts= APy,
8.78 ‘ Anx.wmdmg Wetts » 0 A.ux,de.Wattaa BvapuPpn

5.7 By  Cspacitor Voltege =0  Cep.Volt,s ¥, %, Wy

5,80 Aux Wag,Voltage Aux,Wag, Voltage

* take gcalar value of the vector,

5.81 Efficiency = Z).2
5.82 Muin Pgwer factor © #ﬁ”
' wﬂg.\ . wf 4% + F
only '
| N
5.88 combp

vég. o/ (A1g)2 + (B+h)
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~ 6.5 SALCULATIOR CHART

RO ————— e e e i
Type of Motor Cap,8tart Two«Value PermeeSplit Gplite
” , . ———— age,
Sn=l02d., |
S8lip = & 0 0 0 | 0
Main only or Combined Main Conbined Combined Hain
Mfd, —— Rng Rng -
mb = 8p1, iterate
until r:.{e& output
18 reached wi 0.28 ... - R e
Main or Combined Maln Combined Combined Main
W it 8p gives mors torque than 8y ,try 83
& Ist trial = s} If sp gives leas torque than 8, y B0 83
ond trial = s, Record the value of 83, 83 or 83, which
3rd trial = 83 ever gives greatest tordue.
Kain or Conbined Main Combined  Combined Main
Mgd, —— Bng Rng —
Main or combined Both Combined all values Both
Slip = & 1,00 1,00 1,00 1,00
Main or combined Combined  Combined Combined Combined
Mfa. Btg gtg. Stg. —




This procedure analyses the sffect of micvofarsds on
muﬁuy& start and twe value capacitor motors, These calculatiens
are made aftor completion of basie ealoulations for single phase
motors per section 4, Items numbered leas than (700) refor to
- Bostion 4, This procedurs saloulates mierofarads, englo, starte
ing torque, line amperes, and capacitor volts for -

n) Haxinum starting torque,
W) Bexdmun sturting torqus per smpere.

1% ealeulstes the maximum microfarsds for sdemato switching
tercue,
| The 1ast mentioned quantity is conservative, and esm be ia!iow
. red 1f sitching torque caloulotos satiefacborily, In general, it

is desirabls to use & value of nicrofarals near that for maxinmm
starting torque per ampere, t ajusys 16ss then that for maximum

starting torque,

M1 By *  Buse otm x main ves.bot * (52) x (428)
702 Py = (82) x (M46)

708 re'e By - ¥17 (P01« (P2)

08 X' ® (32) Cﬁm -

708 I *

708 T * (88) x (184)
W? wopte WP gt e (181) x {703)
708 Re = (82) x (430)




- A—— e

709

710
711

™
714

718

716

Rge = (706) + (7(37) + (Wa)
Zgt = 0xa2 X = L0 (1812 (704)

Xa'e ® =BagoP . o (208) (BN
S = ol L

Xg ® Xgg = Xy * (711) = (710)
Re 2 0,07 20 20,07 x (712)
Test to see 1f (713) diz‘fars fmm (708) by :Ioﬂ or mord, It

it doeg, substitute (713) for 5708;, and go back to (709)
If it does not, pracaea on to

R il = ~dlE
Za0 “-ﬂuﬁ TRk = SonE T (e

8in (Om «0a) = % Rae = FoKao

—————

7170m «0a =8 (716)

718

7o
720
721

Iy = (3)/(%08)
ac ™ (4)/{718)
smﬁng torque =

It line amps = InZgac /Zac
a (219) [

Cape volta = & (720) xz (712)
Agtual mfds




791 Xg = m)_%-» {730)
79 Ko = Xag - X = €731) - (710)
733 Ry B .07% = ,07 x (72)

Tast to sce if (733) differs from (708) by 108 or more.
If it does, substitute (733) for (708) racompute (709
and go back to (730). If it does not, procesd to (738

e
76 Zgg = ./(709)2 + (7308

736 Sin (Om « O ae) = ldX

737 Igg = (4)/(735)

738  Starting torque ® 1) (703
& torq (718)

739 O n méael = o *1§?136)

740 Line amps * L, Zyo/Zge o
. 718/ (701) * (200)1" + (4] * (73L)P

741  Cap, volts = (737) (732)
42 M4 for switching torque =
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F1G.54- EQUIVALENT CIRCUIT OF SINGLE PHASE
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6.1, Stator and Rotor Punching Calculations,
64141 Dosign of Stator and Rotor Slabs.
64142, Stator Punching Caleulation Sheet,
6: 1.3, Rotor Punching Caleulation Sheet,

6.2, Throe Fhase Designs,
6,3s Two Phase Designs,

6.4, Single Phase Dosgigns,
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G, DESIGN WORK AND PERFORMANCE

Baged on the Basic Design Procedures for Polyphase and
Single Phase Induction motors, designe are made for 100 H.P.,
180 eycles, 2 pole, 440 volts compressor diive motor,

Starting from the fundamentols of designs air gap diame
etor and outside digmetor for stator corc a®e obtained, Then

the stator ed rotor core punchings are designed as in Seotion
8,1, |

In the present design, Trapezoidal Round Bottom sumde
closed slots have been used in stator punching and trapezoldal
closed slots for the rotor punching, The dimensioned slots heve
been shown in fig. 6,1 and 6,2 respem:zvew. |

‘When “he alr gap diameter is Mnown then for a given number
of slots in stator, slot pitch 1s caleulated =T Dy /51, EKnowing
the current density and current carried by cach conductor, the
slot area can be approximately caleulated, The whole stator
punching $o then dasigned as in 'Theory and Design of Small
Induction Motors' by C.C. Vetnott on page 385, After rough
ecalculations are made an 'enlarged drawing 18 prepared and the
Stator Punching Calculation sheet 1g filled in with the help
of Fige 7,3 to Fig.7,5 slot constants for air and windings
are calculated, Two such designs have been made here on sheets
Nos. 6,1,2. Sta I and 6,1,2, Sta II, |




b1

~ For designing Yotor punching and in fixing the number
of rotor slots following rules ars to be applieds
To minimize noise and vibration, 81 ~ Sp must not equal ¢ 1,
$2,2 P2lor 2 (Pg2) Toaveld cusps, Sy = Sp mist. not
equal ¥ P or for threemphase motors, =3P or ~&P, To avoid
cogging, Sy ~ By mst hot squal * oP or any multiple of ¢ P
for polyphase motors, For quietness, 8y should G1ffer from 61 '
by 20 percent or more. For low stray-load 1os'ses, make sg smaller
than 81 by a small amount of the oxder of 15 percent, The rotor

punching is designed as in 'Theory anf Design of Small Induation
Motors' by.C.G, Veinott on pose 302, As in stator punching design,
the Rotor Punching Caleulation sheet 4is filled in mnd slot conste
ants. evaluated, Three such designs have been made here on sheots

Nos, 6.1¢3 Rot I; 6,1,3 Rot II; and 6,1,3 Rot ITX,

During the whole Induction Motors Design for three phase
and two phase ucmnuctions tm'£QIIMnga have been used s
Stator s No,6,1,2 Sta II
Rotor 1 No,6,1,3 Rot II
Btator and rotor designs of No.6,1.2, 8ta I and No.6,1.3 Rdt’ b §
have been outright rojocted, Rotor No.6,1.3 Rot III has been
used in gingle phase connections to get better performance,




I D Outside dlameter 13,375 | 21 dyy mbyoka aepth T 1,606
' ”L—T%J‘O.er]
2 Dy Oap dimoter(bore) 7,600 |22 ~ Blot mu thickness 0,165
3 81 Ho,of slots ~ 96 |23 Topst - 716
4 & Overall slot depth  L3% |24 Middle stiek dimene 1/32
§ dyp Dm of tooth tips .0 88 . Blot cell area #0358
€ “‘“‘au“‘&"ﬁ’m Gy D e T preaa 01
’ T due to topstiek ‘0%
¥ &3, Deptn of traperomal 27 maalestm area 20108
"~ Wiy Slot opening, —

¥ vyy Slot width at top

m;a
mm Por part, closed

vio é%t ui% at top sf

Wigon wiyt (ywym ]4

15 A4 Slot pitoh™Dy/8y . .684
¥y Tooth Taces NiVip i

as Area cfiadduiona;

. 81013 aonatant oxr o

by excluaiw of +455
| finging, —
38 Blot-.muth fz'ingins » 120
36 Kg1s Slo cogstang air &6

i7_tyy Tooth widthybop 248 |
B ¥1s Tooth w13t Yottom

=y 21 *2:41»:13) ) ‘w:la ke

‘.ma

19 tu Ettectntoof;h %dth ‘

’i‘tat

? toothlgth 31 *0051’18 -’«»13'4'



a B3 No,of siots 6
4y Overall slot &epth 200
10 Depth of tooth tip 04
f.or open slots

411 Depth of slot mouth.os

]

-4

7 d,, Depth of trapamtdai
" Wip Slot open&ng -7
¥ W3y 1ot width at top waev

T BT, |

\.n———% 40’211‘3\ 1&4“

: tbl ckness

o0165
16

Mi.ﬂdle stick dimenszona .

| Slot ceu area .288:8“
. 8lot area usaless due L0300
27 . Middle stick area = ,0004
2B Area of eAOLPIonsl e

®13 Radtius of slot bott.ﬁﬁo
n %13 S0t width at bottome 520

m],z o '

13 413 For part.elused:"
Q- 822
14wy Slot width st to
38 of wig. p

= wm(vw-vu} Im_

20

ETIDY

Slot pitch *W3/91 556

mED

S T 4 £ Wi
30 Gxoas slot area .4916
31 Ret siot wirﬂ&ng area aaazs
| Pamiasible wE___ g6z
33!! 1y Blot eonstant ywa +900
" R o 3
3 am.mm al® . 576
rt. mlusive of "
Pingings
88 Glotemouth fringing

T k,@ '» Slot eo@;tantxur' 'fss"e; |
Tooth w1dth bottom —— -
IB tw ?.81 + 2( 1»;013 c;m 207
(wath 3 twm mdn w307
‘booth ., -o.sr- \ wz
il e
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L MR v
ROTOR PUMHIHG CALCULATION 8HS E‘I‘ |
06,143y ROT T
T Da outaidc dianetm' 79400 | 21 E;‘tectﬁe tooth length 1.3.88
2 Db Etractive 1.D, 2,937 22 'zokégzdsgg% of gehg, ‘ LME
a ' !lo.of slots E‘i 28 Kga,, Sj.ot eonstant B 2,53'3
S,B _ o — - Wmon 18’%.4? ——

I & Overall siot dppth 1,385 - .

e Ui — e
& {,’igg*ﬁ:;;;:, =Dy p 7217 85 Blot area 209
6 dp Minimum depth of <006 aex,g, Blot mnstant,eir +900
m—-M—& m Onw )
7 do1 Depth of slot mouth &33 , | -
8 4832 Depth of trap sect, 1, 143
9 W21 slot width at top 3380 | . -
10 w33 Slot width at bottom »180 . . |
I1 A5 Blot pltch SWDa/Bg  +750 ———
12 40 Depth of teeth tip : e
13 4op o | |
% dgg -
15 Wgp slot opening 000 -
16 Vo, OSlot width at top |
— of w1nﬂ3.ng
17_ %0 Tooth face =A2 =wp - _
18 %57 Tooth widthytop  .631 |
19 %23 Tooth width,hottom 345 |
20 tp Effective tooth - |

width 1/3 from nin 407
section)
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i U

ROTOR PUNCHING cmmm ION GHEET
Nﬁoﬁp 1&3 Rot II

. Pg Outalde diameter 692}96 31 | Etteéuve teeth - 075

Py Effective T g.437 T Yoke depth of pong, ...
b S0p «Ba, Dp) | 9

"| B Xgoy 610t constont,wigs  CeG87

T 8p No.of slots
da  Overall slot &opth Y <
Diameter at D ol S»Bm 26  8lot area . 4138
slot centres 2 | e oem—
dp Mintoum depth of bridge.008 | 28 Kgoq Slot constantyatr 000
~&) Depth of sioimb'tﬁh ;-536 | — |
dg4 Depth of trap,, aect. . «D38

"

w2l 6Slot width at top  .M2 | _ 3
Vvaa Blot width at &tﬁum + A2 | “ - ml — o »:.. '
178 slot pitch =TDy/6; 638 | ‘ —

Depth of touthu o — R
4 aza o |
__& Slot upening —— 7.-%0* — — —
5 Slot width at %

“23 ot winding, | |
e G - it o

? top Tooth face = A2 "tho
Btngoothwldth,ﬁop _'w_.489__ e e—————————————— .
) %23 Tooth widthybotton 208 | o
) ty Effective tooth width

(width,1/3 from min, .362
m5 ke oo e J-»-J A ———————— — ————————
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ROTOR PUNCHING CALCULATION SHZET
0. 6. 1&3 ROT 11X

L Pg Outs! 9 i mg r s . M - E!EGG%!V toafh"'iengﬁx W

5‘““‘!5,, ETfotive T0. 24T 28 Yoke depth of pohg, 1, zo8
"Cp-2iz 0y

™ Bg Wo.of alots - e “BYot Congtar

F a ) L] ’m!.d : " . " -

e ten b v e e

’. prabbulonlt pa ..42 5,98 | 26 st area +136

} db mmm depth of .006 28 kaﬁ; mot constant,au +000

& Depth 0fsot nouth_ ,086 - ;, e PO—

P dz 24 Depth of trap,sect, +360 .

K wm Slot width at top  .357 e L

0 v, Vaa Slot vidth at bottom 367 |

lIA 2 Slot ﬂﬁ}‘hﬂfl‘k piteh ,638

15 vap S1ot opening .OOfJ I ————— e —
| " 8lot width at to S

l_”?a of winding P e

I7 t2p Tooth face =)\2 = 99.., | |

8 t23 Tooth widthytop 272 |

57¥25 Tooth width,bottom 200

0 %2 Effective tooth width
(wxm.i/)a from min 224
geetio
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62 A5% DES
The dosign 49 started from a stator connaoted three phéké :
‘.mﬁuction motor (Design N0.6,3,1) and by the use of relations
g stateé in Seotion 1 the final design of delta conneetdd three phaae
induetion motor 18 obtaineﬁ (Pasign W0,6,2,8,),vhen the windings
Hax'e connacted in saries :ﬂatwd of parallel design No,6.2,3. is

obtained, The complets perfamanoea of the above decigns have been
" wode and given along with the dﬁsign ﬁmets. |

6.3 Wﬁ. .
| An initial design m@.a,s,u is prepared mh a8 stack length

of 4,5%, With the use of smue relations of Soetion 1 the final design
No.6,3.2, 13 obtained, When the windings are series connected it is |
degign Ro,6,3,3, The complete performences of the above designs have
boen made and given glong with the dest gn sheetss To get a high starte
ing torgue Home Welding Bronse materigl 4s used, ingtead of aluminum
as the cage material, in designs 6,3.2, end 6,33, The percentage
conductivity of new matorial is 26,3, The new performance with this
material bas boen calculstefl and given on *Sumsary of Basic Design

Calculations= Polyphase Inducticn Motors' on sheots Nos. G,3.4 and
Goe e Be

Dasign hes been made for permeneat split phase motor in

- design No,6,4.) and 4ts performance fully calculated, Tue design

i3 not satisfactory., So 6,4,2 a Twowvalie capacitor motor has been
mede md 1ts performance has been calculuted, The design and pemoi'-
mance at series connections have also been made in dosign G.4,3. |
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Rot Pchg Cala.llo, 6.1.3 Rot I

Design Rumber 6424 1o Btar annacgms’ ‘
HP Ratin 0 g No,0f eireuits
Line Volts 440 8 Aewal TPC
ghesss 3 9 Stds/Cond
requency 180 0631 Dia Bare
golez +0673 Dia Over Ins
L BPM 10600 = Coillhrov 1 &
R ] . B
onigee  G@ | S fasl
Width Sta Ducts éegga’ | 950 Diot Fact ke
ross Iren, Rotor 5,800 o BOTOR.
No,Rotor Ducts 060
Widtn Rotor Dacts 000 | 00 % Copluotivity
Skew % Rotor Ducts 115 vt par Fxtensions
Shteaterian  agnetts | %05, B dree
Cost/lb, Iron  L00 i zﬁgg fl}éng gag-
Cost/1d, Copper 1,00 ‘ ’ g LaeDe
Cost/ib, Alum 2,00 % S.L.Loss
0st/1b, Alum, 1&00 1 ‘4:05. F&W i;lKW
STATOR PUNCHING . STATOR, PURCHING
Sta PchgCale No, 6.1,2 Btal  .480 - Tooth Face
e v S Y
- W00 . Ld82 Tooth Lengt
Type of Slots Part,closed :666 Yoke Depth Pgbg
gogsz,ota 36 » 5617 Kot 8lot Wag Agaa
lot Depth 1,330 485 Pormi Ssiblo 1D
g1ot 0£en1ns 174 + 578 8lot Const,Alr
Slot Piteh 654 +870 8lot Const,Wdg,

407 Eff Tooth Widtt
&1‘ Eoo idth

Outside Dia, 7400 183 ££. Tooth Length
Eff I.D. 2,937 1,048 Yoke Dapth,P?&?g, .
Ro.of slots 31 2,503 81lot Congt,Wdg.Top
Type of Slots Closed +008 Bridge Tins,

Bar Depth 1,183 +035 Depth,Slot Mouth
Slot Width,Top + 180 + 00 Slot Area, Top

Slot Piteh’ <750 +000 810t Const,Afr

Slot Opening +000 . 180 Slot Width,Bottom
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- SUMMARY OF BASIC DESIGN CALCULATIONS-POLYPHASE INDUCTION MOTORS

Design Mumber 8.241 +887 Bar Factor
Egse ohns 25 g) | ’303?824 ging Fgﬂtor

ALY 8 . » 'S 001Gy Dalls

Pole pitch 11,7 00628 p2 no%,’pfm
W - BLOAD

?R’hm «407 » 364 Fe loss ros p.u,
Coil piteh > B2 Wl react pau
0 Ou' » » o fel) w s

EBquiv, CM/1 73,96 08  pa BT

Equiv, TPC 80 5,230  Nowlemd KW
MLC 17,63 W |
Copper wt. 84,55 +851 a 2% factor

ry oold 0126 + 220 Bta gkow factor

r1 hot, p.u. 00678 +338 Rot Bridge consgtant
r] offect L00664 | +723 Bot glot factor
P}ceh taclor i «12¢  Pri leak react, p.u.
Eff ser conds/ph. 40,7 0 g g:fdligg iggﬁﬁg gga.
BATURATION j0244  Hot goc pes, pray’
Flux/gola, Kelines 1278 076  App lock rot res
Eff alr gap »05933 421 App lock rot react,
Sta core densit 75,0 420 App lock rot, imped,
Sta teeth denst 89.0 801 ¢k rot, amps
Rot core densi 79.6 87,1 Torque £ of F.L.
Rot teeth density 69,6 s ' e meemn
Adr gap density 30.6 ‘ Sl AL JUES
AT, Sta core 65,8 «13 Pri leak resct p,.i,
AT, 8ta testh 23,6 2074 Sec leak react p.u,
At, Rot core 26,3 318 Pri amps
AT, Rot teeth 10.8 D468 BPM at bd torlg.
%‘r% ﬁ&grgap 56?.3 ‘ 24 Bd t_ﬁﬂltg of &Iu_

o] ‘X '

8at factor By EULE LOAD

a— ———— 0080  SlUp

CORE LOSSES 82,830 K.watts input

8ta core loss, KW « 170 1904 Pri anps

8ta teeth loas, KW 047 115  Seo omps

Surface 1oss, KW .061 8.967 FaM

Total core loss,KW 1,211 3%230 gﬁragaioad loss

OAD REACTANCE - . Dee 45

React constxlOO0,p.u, 3,226 " 110 Eg,‘f:w
Per«unit skew 0,10 B8.268  Tot losses, KW

8ta slot factor 0.809 B d

Sta zp factoy

Sta skew factor

Sta end factor

Pri legkege perm R Torque ,1beft,
Rot bridge constan. 648 613,7 CM/amp :

Rot slot factor 1,78 200.20 Cost of iren
Mag react, p.u, 4,60 64.65  Cost of copper
Pri leak react, p,u. M2 10,40  Cost of aluminunm
Sec loak react,p.u. «091 45,16 Totalyact mat' 1, 1bs,
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RATING

' . p
~ Blot Opening, +000

| ;1&2

Dgsign Mumber 6424 Delvea Connections
HP Rating 00 g o, 0f cirouits
Line Volis 440 11 - Aotnal 7pC
Phasges 3 5 Stig/Cand
Frequenoy 180 40808 Din Bare |
Polew 2 | 10528 Dia Over Ins
FI, RPM 10 600 ﬁm gm throw 1 &
- 1,13 :
CoRe LAMS S 80,0 PRage Belt Angle
Cross Ipon,Sta 4,000 +2566 Dist Fact kg
No.8ta Duclte 000 SO -
Width Sta Duets +000 | FOTR
garogg Imzﬁu %:tw 45830 o
rDuets - 80,0 nductivit
math gctox' Dugts = OO0 ,950 Bay Extens:laga
Skow % Rotor Ducts 11§ s 135 Bar Area
Shuft Mat*erial o Hagnquwg ,m;a 32, Ring Area
Coat/1b, Imn " 1,000 6,187 Ring 0.Ds
Gfbimre  Lo® | a@ FmelD
- st " — . NS
SIATIOR PURCHING | . SIATCR PUNCHING
Sta Pehg Cale Noo  @,1,2 Stall  .422 Tooth Face
Qutside Digs 11,500 +207 Eff. Tooth Width
Gap Dia 6,375 1,071 Eff, Tooth Length
Type of Slots part closed 1.414 Yoke Depth,P
Ho.Slote 36 4225 et 5lo w&m oa
- 8lot Depth - 3,200 +362  Parmigsible WD
8lot agening T 4334 » 696 8lot Const,Alr
Blot Pit - ,556 _ +800 Blot -Coust.ﬂdg‘
Rot Pchg Cala N 6 1..3 Rot II ,382  Eff, Tooth Width
on mggg Dia, . 64206 976  Ef£f.Tooth Length
BfL, I.Dy . 20437 19& Yoke DQ th Pchg,.
No.of slotes 31 2,687 Slot GOﬂSt, de.?ﬁp
Type of glota Olnﬂed y005 Brld 2 mai
r Depth 978 4035 Dapth Slot Mouth
Frpit Wid th, Top 142 136  Slot Area,To
Slot Piteh, 638 L000  Slot cms%

s1ot U:.dth, Botton

aliabnriliosiimti



103

SMAHY OF BASIG DﬁSIGN OALCUI»A‘!IONB POLYPHM IND!IC‘I’ION nmm o

Desing number 6.2:2 088 Bgy tautox
Basonghnl r 2.6 + 561 Ring factor .
Aly gag e Qm gﬁﬂm ra 301&’ ptut
Pole 9,95 100030 _ »5hoty piue .
] A
5ta, «318 2228 Fo 1058 Pes pulls
£ 1l 7448 3,11 App mag react peu,
Coil pitob U » 855 80 No»logd amps
BquiviCW/ st Mi" VO ' I r'
i bl s
u menasion e
MLC 13,00 + 162
Copper wt, 36,52 +046 ﬁta ‘gkoy faeﬁar
Tl cold +01986 «351 Rot Bridge constant
hut 400807 +651 Rot slot factor
2 NeA0) Dol ‘01081 | 4186  Pri lesk react, p.u
-Pitchfactor e »766 4038 Bes leak react pelt
Bff ser conds/ph 65.8 »ORBS Cold see ros, p.u. *
SETORATIOR . . T—— +0g68 Hot gec ros p.u. :
g Kelines 1137 SOhge App lock rot res -
gfg.afr gap ‘ +O4685 419 App lock rot react,
3ta core densit 108,1 +420 Alm lock rot imped -
Bta teeth density 20,0 591 Lock rot, anps
Ro% oare denslﬁz 10,2 R 2que A of FoL
Rot toeth density: 8440 ~ BREARKDOWN TORQUE =
ALy gap density 4440 . 13 roact pills
A¥,5ta core 247.3 068 ﬁeo .'I.aak reagt piu. .
M.’ S8ta teeth 166,8 e Pri amps
w Bot core 82,0 . logve RPM at m torg.
AT Rot testh 184 . 223 B4 _fora. Lot ¥.1L
air gap 48 . o LOAD
l;ax AT 1153,0 | L0116 )
acto 1,704 80, Kwwatte input
| 120 Pri aups
: » 204 11 ec amps
| Bta toath loss xw »076 «987
Surface xoaa, i:u 078 1,492 gjéoaa los8
c g W BE +804 3“&
‘ 1,008 Pri X2p
T v,p. . 1.460 Core loss
-Per-unib akey 0% 5,881 Tot losses,KW
Sta slot factor 87 00,06  HP
Sta gz factor 380 +0272 Egg,
Sta skew factor « 373 +878 ' P.?.
Sta end factor 2,228 1067 -
Pry loakage perm 3.42 - 49,2 'a‘!orquﬁ, 1beft,
Rot bridge constant 0.69 37 CM/ amp
Rot slot factor 1,38 | - 165,32 Cost of ixon
nag resctypati, 312 36.52°  Cost of copper
leak resct,p.u, «139C §5.86 - 'Coat of slumimm
Sec leak mactz,p.u. ' 0.078 197.49 otal, act mt‘l,lbu




RAZINg ELECTRIAL SPEC, .
. Dosign Bumber 6e 23 Delta  Conneotions
HP Rating 25 | 1 - No.of Cireults
Iine Volts 440 il Actual TPC
Phasea be | B . 8tds/Cond
Fr@ﬁ}ﬂ@nﬁy 180 6&0%8 . Diﬁ SaXQ
Poles 2 . 206838 Dia Over Ins
FL BEM 10600 1t Colltarow 1 & _,

L K
1 13 RE
60,0 ase Belt Angle
D56 Di st Fact kg

tross Iron,Sta 4,000 | 80 factivity
fio.Sta Ducks 4000 681:2% -+ E:ggmms
Gross Imn Ratm‘ 4,000 6’18 ‘ Bmg 0D
No.Rovoy Duﬁta ’ 2000 3’%3 ng I‘Di
Width Rotor Ducts +000 ‘09 % SEL I:O;E

. Skew ﬂ Rotor Duots 1is5 1’000 ?&W‘it‘l Ku *
Shaft Material Magnetic ) !
Cost/lbeIron 1,000
Cost/1b,Copper 1,000
Cost/lbiAlums 1,00 — o |
SIATOR PUNCHING STATOR PUICTING
8ta Pohg Cele.No, 6,142 Sta II .422 Tooth Face
Outside Dia, 11, 500 +207 Eff Tooth Width
Gap Dia, 8,378 1,071 Eff, Tooth Length
Typo of Slots Part Closed 1,414 Yoke Depth Pehg,
‘No.Slots, »4225 Reot sz.ot Wdg, Aﬁea
8lot Depth :1, 200 w36_2__ Pam&ssﬁ. ble ID
Slot aning «dA »696 Slot Const.Air :
8194: Pltch, , ,4;556 o +B00 - Slot Const,Wdg,
ROTOR, PUNCHING  ROTOR_PUNCHING
Rot Pchg Cale,No,  6,1.3 Rot II ,3¢2 Bef, Tooth Width
Outside Dig, - 8,295 9075 - Eff, Tooth Length
Bfe 1.0, 437 «884. Yoke Dopth, Pchg
No.of Slots, 31 £.687 BSlot Cmst, Wdg, Top
Type of Slots, eloscd 006 Bridge Tkns,
Bar Depth : 976 +035 Tepth, Slot Mouta
Slot Width,Top 142 \136 Slot Area, To
8lot Pitch -- +638 #0000  Blot Cans% Agt’
8lot Opening, + 000 » A2

Blot widﬁa,Bottom
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AN Sl e
BUMMARY OF BASIC nggl’(m CALGULATIONS POLWSE INDWT.W“

A

Design m‘mr
Baso ohms

.

11 pitch,pette

EMV.WI&OO

Eﬁuivwﬂ’c

Pull dimencion

MLC

Copper wt,

rieold

£y hot ,pu

¥y effect, p.u,
Pitch factor

Eff. ser conda/ph

+560
mgﬁs l'z wld,p.u.

I&i‘ﬂﬂ LOR

g
_ Sta core sgnsity
Sta teeth density
Rot core densit:
Rot teeth densi
M.r ga;) donei ty
ta core
ata teeth
M‘ Rot corae
M‘ itiot tosth
r ga
%al u‘ P

i

A
Sta taeth Joss
Surface 1038,!(&
Total Co

S o

Poreunit skew

Sta slot factor
Bta gz fagtor

Sta skew factor
Sta end factor

Pl loakage perm
Rot bridge cmamt
Rot slot factor
Mag react,p.u,

Pri leak Peact sDells
Bec leak reaot,p.u.

o8 core 1085 XW

AL L0MD REATTARE
Heaet constxilU0,p.u, 4.0?2

968 Bar factor
Ring factor

A .
+ 261 e 088 I'48 Pels
Se42 App mag react p.u.

8.2 8&-10%:3 amps

1.612 Rcwload

«089 Sta skw tactor

+481  Rot Bridge constant
«723  Rot slot factor

« 138 Pri lesk react, p.su,
+048 Seg leak a'eact aDelle
.0223 Cold sec re¢s pu“u
+0268 Bﬁt gec res p.u.
+»38 App lock ro% P08
1,68 App lock mt react.
1,73  App lock rot imped
126 Lbakm,“

13¢ Siip
21, 100 Kwatta 1 ut.
31,2 oy

Prd amp

1 Sec B
«987 F&uw amp

«373 Stray, load loss

«228 Bee I
' Pri X

.365 Core loss
2.203 %t 168595, KW

25,01
+8872 Bff
+B'M P&,

155,82 Cost of ircn
36,52 Cost of copper
8,686 Cost of aluminam

197.49 Total act mat'l, 1bs,

L
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ELEG%ICAL AND H&GRETIC SPEC IFEATIOHS FOR PDLYPHASE IEEUCTIOE

MOTORS
RATING ELBCTRICAL SPEC.,

~ Design Number 6.3.1 Two-phase Connoctions '
HP Rating 100 2 No., of cdrcuits
Line Volts 440 7 Actual TPC
Phases 2 8 Stds/Cond,
Proquency 180 +0641 Dia Bare

. Poles 2 32 '0613Dia Over Ins
FL RPM 10600 119 12 Collthrow 1 &

| gg;g'w " |3K1
CORE DIMS .-eggq 40. oggagelrne%t Angle
Gross IrongSta 4,500 L °_°. s ac kd —
WeAL sta Dact 000 B A
a Ducts . 50.0 ducitivity

Gross Iron,Rotor 4,800 %69 Ba;’%x‘égﬁmn v
No,Rotor Ducts +000 I35 Bar Area
Width Rotor Ducts +000 1,320 Ring Ares

- Bkew % Rotor Ducts 118 6,187 Ring 0.D.
S8haft Material Magnetic | 3,687 az.ng I.D,
ceat/xb.zmn 1,00 o L 8 1n
Cost/1lb,Copper 1,00 s —— ———
Cost/1b, Alum 1,00
g%a Pakg &&c. ﬁa. 6, 1,2, 5tall -422 Tooth Faoce
Outside Pia, 11,500 +207 Bff, Tooth Wiﬂth
Gap Dia, 6,375 1.071 Eff,. Tooth Length
Type of Slots Part Closad 1,414 Yoke Dopth,P
No, Slots 36 44255 Tet Slo &
Blot Depth 1,200 » 362 Perm&ssz.ble w
8lot Opening 13 +696 8lot Const.ALr
Sle‘b Pitch + 556 <9500 slet Const.ﬁdg.
Rot Pehg Cale,No, 6.1.3 Rot I ,362  Eff,Tooth Width
Outside Dia. 6,295 +978 BEff.Tooth Length
Eff. XD - 2.437 00564 Yoke Dep th Pchg
No.of Slots - 3% 2,687 Slot Const,vdg.?op
Type of Sl.ots cloged 005  Bridge Tkns,
Bar Dez +978 +035 Depth,Slot Mouth
Slot Width, Top « 342 « 135 8lot Area, Top
Slot Pitch. . 638 2000  Slot ConsbyAlr
Slot Opening, »000 » 342 8lot Wiﬁth,ﬁotto&
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B

Dess.gn Number 8,31
Base ohma 5,2
: +040
9.98
«317
74,8
+811
41,0
q ‘ 3. 50
Full dimensim 7,87
MIC .28
Copper wt. 40,67
r1 cold « 0385
" hﬁt, Pells +O00BRB6
Al !
8¢ +B84
£r 4 ‘?“ ~ 928
FIux/pole, Kelines 1184
Sta core densit 00,0
Sta teeth density 119,3
Rot core densit 015
Rot teeth density 776
r gal density 40,7
ta core 1674
n Sta testh 03,2
A‘.t', Rot core 8143
AT, Rot testh 11,

A*r% eir gsp

: ‘ KW
8t teeth loss, KW
4':3'11g 8ce J.oss,lu'i
1‘&1 core loss

Pnr-unit slnaw .
Sta slot factor
Sta u factor

5ta &

Pri J.eakag m
Bot bridge agzeagtant

Rot slot factor . %

Mac react,p.u,
Pri leak react Ps e
Sec leak reaet,p.us

.082.

SIMMARY OF BASIC DESIGN CALCULATIONS POLYPHASE 'mn‘wzidﬁ MOTORS

1.104 Bar Faotor
033%67 Ring ig&t@?
ro €O u

’m 2 hot :P*v ’
4276 e 1088 res g.u. |
.-ég.?l ggplmas react pist.

» -, amps
‘088 Sta skew faotor
+369  Rot Bridge constant
+ 741 Bot slot factor
«127  Pri leak react,p.u.
»037  Bec lesk reach, Doty
40227 Cold sec res,pu-
0273 Hot seo res,p,u.
#1918  App lock rot res
1857 App lock rot react,
+8785 App lock rot imped

Lock rot,

lb p.!h

e .
- Bec leak react: Pells
Pri amps

Btragzlaad loss

ie pr1 xgr
Core loas

Tot losses, KW
Ry

ELL

P.F.

' %mm glbuft,

anp
Cost of iron

 Cost of coppar

Cost of aluminunm
Total act mat'l,lbs,

oS- _ L
. ’
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Design Numbor Ge3e 2 M»Phasg Conngotions
HP Rating 100 No,of clroud ta
Lino Volts - 440 6 Agtual TPC
Phasaes 2 7 Btdg/Cond
Proqueney 180 0571 'Dia, Bare
Poles 2 40602 Dia Over Ins
FL RPM | 0600 | 12 Cotl Throw 1 &
CORE DI — LB
/ » s
_ Qgsg ‘Pgase Bolt 4ngle
Gross Iron,Sta 6,800 | o Dist Fact ky
No,8ta Ducts 000 L :
' YOGB 1"011 r o .
No,Rotor Ducts +000 aﬁsoﬁ%ucuvity
- Width Rotor Duots « 000 »000 Bar Extension
Skew % Rotor Dusts 118 . 4138  Bar Ares
Shaft Hatez'ial Hagxwtiq +340 Ring Areca
NE—— . Jit-—-— ———— 6‘13? Riﬁg 0Dy
B 3:687 Ring I.D,
coatz/lb..’tmn 1&00 2:00 % 8.LLoss
Cost/1b.Copper 1,00 1,000 &4 in KW
Cost/1b.Alum, 1,00 o '
SIATOR PUNCHING ) SIATOR FPONCHING
Sta Pcha Calo.No,. 6s 1s2 Staﬁ «428 Tooth Face '
Outgide Dia, 11, 50 207  Eff, ToothWidth
Gap Dia, 6,378 - 1.071 Eff. Tooth Lengtb
 Type af Slcﬂ;g Part, closed 1,414 Yoke Depth
 Bo Blots 38 4255  Niot Slob Whe .Araa
Slot Depth 1,200 »362 Permmalb].e m2
Slot Opening « 134 +606  Slot Const,Aly
S1ot Pgtoh.' « 556 + 200 8lot Const.Wdp,
Rot Pchs Galc.He. 61,3, Rot II .362 Eff. g_ oth u:ldth
Outoide Dia, 64295 - +975 Eff, Jooth Longth
E€f, I.Ds 24437 2954 Yoke Dapth,?chg
No,0f slots 31 2,687 8lot COnst,wdg.Tap
Type of 810 s closged «008 Bridpe Tims,
Bar ””i 975 .03  Depth,Slot Moueh
Slot width, ’I‘op » 142 «d35  8lot
Blot p&tch + 808 +000 Slot ﬂonsﬁ Air
Slot Opem.ng. + 000 142 Slot Width,ﬂottom

o e



i3

GUHHARY o BABIC DESIGR CALCULATIOHS PGL'!PHABE INDUCTIOR ms ‘

A " -

Ees:gn Numbar _ 8.. 3.2, s_ 1. 673 Bar Faetor
Base ohms 82 14560 ing factor
Alr g ' ‘ 040 140072 oldy Putli
Pole pitch ' ' . 9,98 {,90114 ' 93 hot,p.ﬂ.
1 : ] o i AD v
m. [:EE“ ' .« 304 + 352 a 10383 yas p.u.
£ tull 7.8 4,84 ‘upp mag react p.u.
Coil pi Dalle «611 11 am oa& amps
Equiv.cu/l . 45,6 +028 or -
EquiviPrC 3,00 2308 -
Full dimension 7.37 .
Copper wt, | 44. 14 + 148 Sta skaw faatcr
ry cold +0339 + 387 Rot Bridge constent
r1 hot, p.u, 0001 1,082 Rot slot factor -
affeﬁt’ p.“a &0105 ng Pﬂ- leak ?Qaﬁﬁ ptut
ﬁitch actorz #8109 +042 Sec¢ lealk raacﬁ psu
) 8] el Al +083 Cold seg ros, pﬂ“.
| +087 Hot sec res .u.
381 +198. &pp lock m%
£ gap - 0 4783 App lock rot reaoﬁ.
S8ta core densit 80,8 +807 App lock rot imped
Sta tecth density 96,4 544 Lock rob,';»,
Rot core density 82.3 L A10.,6 Torque % of ¥
Rot teeth density - 6247 o ’w: RYU
Ai!‘ gap dengity 32,9 resct p.u,
ta core 70.0 2078 8ee 1eak raact Pels
g, 8ta teeth 30,0 2 Pri amps .
A core 26,1 ‘RPM | :
Afl‘ ilit teeth @611 <%
reg ' S .
Tobas AT0 T * 61423 36 ey
-Sat factor X270 £0,080 waatta 2oput
e!e.dj?ﬁfﬂ-jb‘- . —— 99 Pri amps
+ 151 95 Se¢ smps
Sta feetn Tooh. K oKH 044 #086 PN
'8urtace 1osa,xw 4060 4490  Stray load loss
80 y 2o K 207’ 1,068 Bec I2p
—— 919 Pri I°p
. | ,p.u¢ 24 76 1,000 Core loss
Per.unit skew 07 5,478 Iot losses,EW
8ta slot factor 1,206 29,09  BEp
Sta 3z factor + 570 «9318 Efg
Sta skew factor +396 +915 Py
Sta end faetor 2430 10652 RPM
Pri leakage perm, 4,47 49,3 Torque ,1bmf't,
Rot bridge constant, . .76 459,83 CM/amp,
Rot slot factor «30 252,  Cost of iren
Mag react, p.u. 4,83 44,12 Coat of coppsr
Pri leuk roact,p.u¢ ¢ 123 6,67 Gost of alumirmmm’
Sec leak react,pestts  4C30 X3,20

Total act mat'l,lbs
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ELE’CTH ICAL ARD MAGNETIC SPECIFECATIONS FOR POLYPHASE
INDUCTION uowms

RATING | Rlactrigal Spac.
Design Bumber 6, 3,3 Two=Phnse Connections
HP Rating 25 1 Nosof aireuits
Line Volts 440 6 Actual TPC
ghasea %‘80 7 sn gitd sgcagz;d.
¥ requen +0 a .
. Polgs i 2 0602 Dias Over Ing
FL, RPFM 10600 1-3 Coilthrow 1 & .
S . | 1,10 K,
293 B EIM@E}» " 5313 | ghaae Belt Angle
e
. ' 900 Diat.ﬁ act kg
- Oross Iron,Sta 8, 500 S e m—— -
Ugatn Sta, Ducts 1000 RoT08
Be uces ™ AT Co
Gross Iron, Botor 6,500 o
Ho,Rotor Ducts »000 263 50.0 £ Conducdtivity
Width Rotor Duets «000 . « 000 Bar Extension
8kew § Rotor Iucts 115 « 136  Area
Shaft Material Magnetic «440 B:mg Avea
n— - o 6, 187. Ring 0.D.
' : o 3,687 Ring 1.p,
Cost/1b, Iron 1,00 2,000 .L.l;oss
Cost /1b,Copper 1,00 1,000 P& in EW
Qost/lb.klum 1,00 o
QTAQGR PUICHING iy PUNCHIR
Stg Pchg Cale,No, Ga s 2, Stall :422 Tooth Face _
Outside Dia, 11, 500 « 207 Eff. ﬂooth Width
Gap Dia, 8,375 L0711 Eff Tooth Length
Type of Slots. Part closed ' 1,414 Yoke Dapth, Pchg.
No.5lots, - . 96 »4255  Het Blot Wag,Area
8lot Depth 15‘3400 +3628 Permi gss.ble KD«
8lot o!)anmg »d 9596 : onst, Aty
Slot Pitch, + 856 +900 - _516’5 Const&dg; .
ROTOR RURCHING. - ROTOR_PUNCHING.
Rot Pchg Cale,No, 6,148 RotIl .362 Bffoat, Tooth Width
Outside Dia, 6,296 +978 Eff, Tooth Length
Eff, I.D, 24437 964  Yoko Depth,Pehg,
No.of slots, 31 2.687 Slot Const, Wég, Top
Iype of slots, alosed 2005 B:d.d ¢ Tims,

Depth +975 +036 Slot louth
Slot width,Top 142 . 135 2158 Are ,Top
Slot Piteh »638 »000 8lot Conat.Alr
Slot Opening, +000 ¢M3 Slot Width,Bottom.

mam T SRR R
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SUMMARY OF BASIC DESION CALCULATIONS POLYPH&SE INDUCT IGN

MOTORS
Design Mumber 6, 3.8 1,673 Bar Factor
sta‘ghma 20,8 +560  Ring factor
A +040 0072 P2 wld. Pells
' 9.98 501 P v
.n'r -vv‘ ‘s B - B 4 . v
Total ND2 0,304 0,396 EQ fosa IS DolU.
£ full 71,5 5,02  App mag resct p.u,
Coil pite%p.u. «611 4,1 Noeload amps
Equiv.CH/ - 22,8 0064 Pri ?
Equiv. 6,00 $ 284 . N i L
Full dimension 7.27 ) o mmumsm ‘
Copper wt, 4. 14 «278 &ta akew faetor |
Ty cold . » 1366 4529 . Rot Bridge constant
x; hotypotis « 0093 1,177 ° Rot slot factor
P! :
P’.tm taator .819 1953 Ses leak rﬁ&ct p,u. .
Bee o) 159.2 028  Cold seo res,p.u,
- ' «0287 t sec res. p.u. Lo
€90.5 « 780 App look rof res.
| L0466 3.53 App lock rot react, .
gta core c‘!ensitg 40,4 5> PP dock rot imped
Sta teoth density 48,2. 121 Lock rot
Rot core densit 41,10 '
Rot teeth density 31,3
ALy gsp donsity 18,45
AT, sta core e 5
A:'c, Sta teeth Pe?
AT, Rot core 10,
ME' Rot teeth 4,8
alr gap 840.0 EUL
%81 al 203,1 aﬁn 11D
Qag fagtor, - 20,810 K~vatts mput
CORE LOSSES | ‘eg ' Pri smps
Sta Seoth 084N 103 B B
a uee 88 » . ‘ )
Surface loss, ) »010 | 'gg‘i g:ﬁ“f 0ad Losg
Total core 1oss KW 72, pss P I%
T D 2,76 4235 foro loss xw
f L1 ] +il & ") §3 03868
Per-upit gahga .074 B w '
a slot r 1,206 8062 Egg
Sta sk fuctor 50 1613 PP,
Sta skev factor Sl iom RPM =
sta end factor 2e0 12,3 Torque,lbft
Pri leckage perm, 4,49 agl,4 CM/amp .
Rot bridgc conatant 1.10 852,39 Cost of iron
Rot slot factor 2,83 44,1 Cost of copper
Pr1 Towk bosot, 120 867  Total sct ampia®
al oUs ¢ 4 »
Seo leak raaat,g.u. .087 303 x a0k matil,1bs




SMMARY OF BASIC DESIGN CALCULATIONSwPOLYPHASE

" -

El'aaign Rumber
Base uhma

INDUCT ION MOTORS

6 Ju4
5s8

tro%al A~y

0011 113 1! +«611
Equzv.cu/iﬁgo 456
Equiv, TPC 0
Pull dimension 7.27
MLC 16,20
. Copper wt, . “Uo
ry Cold +0339
» hot 0091
#1 effoct,p.u. +0108
Piteh l’actor 819
EfS ser cmde/ph. 0,
1331
gap H466
Sta eore density 80.8
Sta teeth dengity 96,4
Rot core density 82,3
Rot tecath dengity 62:7
Axr gap density 32,9
§af D258 2t
A‘l‘, Rat tee 30.0
; Rok eozan 25,1
. ARy iRet. ‘teoth 9,1
Airvgap’ 480,31

- ‘sta teeth loss, KW
ﬂurrpm loss,!d! ‘

,Ract constzloﬂ,; .n,

Per-untt skew
- Bta slot factor
8%a zz factor
8ta skew factor
Sta end factor
Pri leakage perm,
Rot bridge constant
Rot slot factor
Mag ‘react, pesu.
Pri Jeek react 3Dl

ﬁ leak raaot,pm.

1.673 Bar Factor
1,682

Ring faotor
:2 Wld’ Prle

Fe lo8s ros ;ém.

Applmag raag Palls
Ome am
m‘x’% d

: 1155' "Gt& aLW faﬁtol‘

.404 Rot dridge eonstant

1,422 Bot slot factor :
1,00 Pri leak react,p.u,
052  Soc leak react) 1De s
+0303 Cold sec res p,u.
e04?13 Hot soo reos p,u,

* 204 App 1ock rot ras,
+840  App .lock rot reasct,
» 880

App dock rot imped,

ISO@k 1'0, &mps

£ pau,

2 Prile
072  Sec .:.eak react Delke
3,96 Pri amps
: torg.

RPM at W
) neligs Of FaLi

| gg« 212 E»t:af:ta 3.npu‘k

Pri amps
87.8 Sec. amps
«0ad .'l?ggo P d1
hs ra 08 GSS
s080 3,285 See ¥21
WhNokelo “092 P I -
2,76 .996 Core :!.oas
074 7. 721 "’e»ta logssas, KW
1,200 | 23.88 HF |
5?0 99060 . Eff, :
'3959 9148 PJ.
35, | o357 R
4‘47 . 8,6 Tﬂrqna ,lb‘fta
’?60 - | 446.9
230 - 259.89 cost of 4ron
4'83 | 44,18 Cost of copper
o3 4,00 Cost of aluminum
:090‘ 300,390 Total aot mat'l,lbs,
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SUMMARY OF BASIC CALOULATION POLYPHASE INDUCTION MOTORS

Base ohns 2048
Aly gap +040
Pole pitch 9,05

P ‘ « 396
.3 .5 6,02
Coil p‘.td’ yolls +811 4.1 v
Equiv, 22,8 0064
Bquiv,TPC 6,00 1. 284
FUL1 dimension 7427 - -
MiC - 16,88 AB3
Copper wt, ke A 280
ry eold -t o544
rl bot,p.n. ¢ 91 Lﬁlﬁ
ag»‘nrtect, oUs 0108 ’ 63
{tch factor +819 !‘,39
Eff,ger conds/rh, _ 1850.2 «0393
' A A - #0471
SUTEUTION 1,174
lux /polesK-lines 630,5 3,749
Eff alr gap +0466 3,920
Bta core densit 40 4 11z
Sta testh density 48,2 00
Rot core density 41,10 ——
Rot teeth density 31,3° 121
Mr gap density 16,48 ~084
AT, Bta core 30,8 o)
'AT, 8ta tseth N7 8020
AT, Rot core - 10:4 o0
P
alsair '- * 0430
Tofal A 293, 1 2042
" Bat factor 1.228 27
' 26
Sta core loss, KW 048 +266
Bta teeth loss,KW 010 +372
' Surface }.»oas,ms ‘ 010 ogﬁvg
A0 Gl COYQ JO8S .1 YLy
+ FULL LOAD REAGTANCE + 264
eact constxiOl,p,u,2,76 2.M0
Pereunit skew f?«a . P40
Bta slot factor 206 +8718
8ts gz factor 289 012
© 8t%a skew factor 314 0335
' " 8%a end factor 23X 12,7
© Pri leakage perm. 4,49 866, 1
' ‘Rot bridge constant 1,10 262,39
Rot slot factor = 2,53 44,4
H,:f react, p.u. 5,06 4,00
Prl losk roact,p.u. , 194 300.39

Sec leak react,pdt, 007

A s

il g(ms res pells

Jo=load KW

- %o

il

rayw
¢

App 1 react pele
Noulog amps
Pri I<p

LOCFED._FOTOR

Sta Zz ractor
- 8ta gkoy factor
. Rot Bridge constant

Bot slot faetor
Pri leak react,p.u,
Be¢ leak react,p.u,
Cold sec res,p.u.
Hot Boc ros,p.u.
App lock rot res.
App lock rot react,
App lock ot imped
Lock m’.;’

Ses. Luak raact Dalls’
Pri amwps :
. %1' 16,

ggraiéoad loss
Pri I%

- Core loss

Tot lossos,KW
Hp

Egf
P,

RPY

Torgue, 1b=£t,
cwm ¥

. CM/ amp
Cost of iron

Cost of copper
Cost of aluninum
Total act mgt'l lba.:

i
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MTING'

Design Mumber Sede 1 75 tor Tem

‘rypeggf Motor Pem.-Spnt 50 gocendua vity

HP Rating 100 +185 Bar Area

Main Phase Volts 440 .000 Bar Extension
Auxz, Phase Volts . 440 1,320 Ring Area
Frequency 180 6,187 Ring 0.D.

Poles 2 3,687 Ring I.D.

FL RPM 10. 500 115  Skev £ Rotor Slots
Gross Iron 4.5 . 2,00 % Stray Load Loss
 Shaft Material Magnotie - 1000 F & W at syn RPK,Watta
MAING WINDING wm
tuter Coil Span(Teeth) 17 17 Quter Coll Span(Teoth)
TPC Outer Coil, 14 16 TeC Outer Coil
B r  F

e 7 8 TPC

TPC 7 8 TPC

it 7 6 TPC

TeC 7 & Stds/Cond

e : ?7 +0641 Dia Bare
Stde/Cond, 6 +0673 Dia Over Ins

Dia Bare »0641 2 Nosof Circuits
Dia over Ins, *0673 @00 ﬁtg,MFD
~Np,of Circuits, 2 183  Rng.MFD

STATOR PUNCHING BTAT HIN
Sta Pchg Galc.lb» 6,1,2,5tall 4422 Tooth Faee;
Qutside Dia 11,500 o207 Eff, Tooth Width
Gap Dia. 8,375 1,071 Bff, Tooth Length
Type of Slots, Part-Closed 1,414 Eff, Yoke Depth
No.of Slots, 36 +4225 Net Blot de.bgea
8lot Dapth 1,200 «362 Permissi

8lat gening .« 134 +806 8Slot Oonst.Alr
Slot Pitch, « 566 900 Slot Const.wdge

Ro Calc,ﬂo. 6.1.3 Rot II ,362 Eff. Tooth Width
Outsidt Df 6,298 +978 Eff, Tooth Length
Eff.1.D, 2437 «954 Yoke De th ngs
No.of Slots, 31 »2687 8lot Convt Jdg, Top
Type of 8lots, Closed .005 Bridge Ting,

Bar Depth : . 975 +035 Depth Slot Mouth
Slot Widtn,Top » 142 2135 Slot Aren,Top,
Slot Pitch, ,633 000 Slot Const, Air.
Blot Opening. 000 .12 Slot WidthBottom.
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gggtmmmi{ﬂ‘er R -
Base ohaa 169, 6 .04 . SA,. G L
Base Mumber 2,60 - 04686 I
AT T a— O S Core Density
Wind o1, 5 | + Teath Density
Hinding Factor, 7% | el Fot Tooth bensiy
Mo § Cond, 93,04 39,1 Ay Ggﬁ%eﬁgi‘i“’
35 gg%d P%hm“ }g&aa L2808 Saturation Fac{or
cbp ar woiaht. : 50200 I W@u
o % |ps,  Smsiee xwom
Winding F 120.4 ag Pe
»Erg.s;a%ez"ézzd, A - Sta, Slob Pern
ﬁw&ﬁlﬂ %&001 «272 g%(nggg x‘;al‘m’
'iacc’lég Ohm 00?3862 %:7@? gta'Eﬂd P émn
rig Hot, PU 0177 320 foter Siot Pera
Coppor Wetghts 2% | %% Mag Resclopg o onte
e 38 hot feak fnoct, 59
% Fall,Slot o1 722 22 Pri Flux Const,Ky
ﬂo:ﬁ 86,6 2024 BOT _BF ANk —
Rod &9 1,104 Res Const z 100
Ho,& 70.8 ~ 561 g&l’ Facter
go,.ﬁ-' 70,8 018 inﬁagactgr
o @ |leo  Hua
o 83,8 "= AL wgt
— 0e 10 +000 '
. A " - S ‘ | .
Main wag Anps BUILSTART SWITCH
Aux W Al 156.4 '
§£’ &mag Amps g*é?,:? ffﬂmﬁg aw, 0z Ft
W Ie £ 0
Aux ‘?GEBVous 195*” :083 anq Wé 0z F't,
Cap, Volts L8 ,000 Hain wg, Amps.
1015 . 000 ap Vﬂltﬂ
* 000 huz, Wag Volts
’000 Hain Wdg Ampg
bt z@rque’ 02 m.

R TR —



I
si% 1¢r, Forward

Sec¢ I2p, Backward

re I.ass
F&W Loss

Stray Load Loass

Total Losses, Watts,

S11
RPHP

ﬁ Full Lo&d.
ggrquc,u Ft.

Main 8&3 Amps
Aux Wdg Amps
Main Wdg Watts,
Aux Wdg Watts
Eft

Parnm
Skaw %mo

Rot Slot Perm.

Rét Bridge Consg

Sta Leak Raaet ?U ‘
Rot Lok React, Pu
rp Hot, PU

- Main Rea Hot 13

Maln Reaﬁt
Aux Ras K
Reaot i
ap Ras, f’
Cap Reaot PU
Lotkod Kaatts.

LOlea TQ!‘Q“Q,O” ¢
Lock

Main demepa
Augz Wdg Amps
Cap Volts
Aux Wag Volts




8lot Opening

L

- RATING | .
Deign Bumber 6,42 78,0 tor Tem
‘.’L’ypgnaf unotor ﬁo.valuc 06,3 ?conductgv:lty
HP Rating « 138 Area
Main Phase Volts 440 000 Bar Extenaion
Aux, Phase Volts 440 . «188 Ring Area
Fraquency 180 6. 187 -gmz o.n.
Poles 2 3,687 ing 1
FL BPM 10,600 Skow % Rotor Slota.
Gyoss Iron 6.5 2,00 % Stray Load Loss
Shaft Materfal Magnetic 1000 F & W at syn,RPM,Watts,
Outer Gml Spanﬁ'eaﬂl)l'? 17 Duteér Cotl span(?eam)
gg Outer Coil 10 12 TPC Outer Coi 11
g 7
?PO 8 8 . TG
TPC 5 4 TPC
IPC § 4 il
TPC 5 7 8tds/Cond
TpC 5 0641 Dia Bare
gitga’éca:gﬂa .70-&1 | éaava Dia Ovef mft
. , , 1+ rénies
| Ma'ﬁvarv Ing 0673 500 g%é.mﬁ
No,of Circults, 2 - 128 Rng JMFD o
STATOR : §$AT@ gg_u@me
8ta Pchg Caloe No 6.1.2 Bta, I 422 '.l‘ooth Face '
Ougaidegmgl © S eIl R E22. ‘Tooth Width
G Dia 8,376 1;071 Effa Tooth Len th
.TYpe of Slots Part,olosed 1,414  Eff. Yoke Depth
No.Slots 31 - «4265 Not 8lot Vdg,.Area
Slot Dapth 1, 200 + 368 Pernigsible ND
Slot ening o + 696 Slot Const, Aly
8lot Pitech, . +800 Slat Gonst.wdg.
Rot.Pchg Cale.No Ge 1.3 Rot III ,204 Eff Tooth Wi.dth
oot gagpgataelios  Geled 2% Eﬁ‘:'rggth Longth
Eff, .D. 2,437 1,628 Yoke Dep th § ﬁ
No,o0f Slots 31 » 530 Slot COnet, de, op
%‘ype of Slots Giggod +0035 %ru%h go ggng.n o
B35t WEth, Top 357 ho 1T 13 3 Wr i
Slot Piteh 96% +000 Slot Const A’.I'
+000 3587?

Slot Width, Bottom



Dosiep mumber  Gufe2

Bage Ohms 2,60 0486 |
Baso Mumber 1.00 96,8 8ta Core Dongity
Yo Al ——— 115.4 8ta,.Testh Dansity
—— 20, il
, 00,2 ot Teo ensity
Winding Fact » 738 37,8 Air Gap Density
ﬁ{g- B8r1aS Cona, gg'ﬁ 1,260 Satnrggion Factor
?y Cold, Ohms  .0249 3,83 L 100 pu
T1Hoty, PU . 9.ld 0742 PU Sxow
Coppor Weight ~ 25,78 178,2  Mag Perm
pe s o 1.031  Sta Slot Perm
& HHDNG» + 3570 - 218 Zog Porm
Winding Factor 8% ,403  Skew Pern
Eff.Series Cond, egégs 2,762 5ta End Pern
BT e B | Epaeiim,
71 Cold, thus 0233 8.86  Mog Reoch po
1 Hot,PU 25,88 « 183 Sta Look Reactance, PU
Copper Weight *E 062 Rot Legk React, PU
. ——————- &941 - Pri Flux Const KQ S
£ Full,Slot No.l 73,3 »897 Res Congt x 100
. No.2 36,6 1,573 Bar Factor
No.3 36.6 4,34 = BRing Factor
ga;g gug - éggag Tp Hot, PU
Oe 9! Zrinde & ® Hgﬁ
No.6 81,9 : :
Noo? 81.9 3423 At Wgt
No.8 81.9
No.9 8719
Main W4 s 72 489 BDT,0% F¢
hux Vg inns®  o5cs 3504 RPM'
NL s 93,9 2120 - Torque, 0z Pt
NL ﬁ‘;gts 5760 662 - Maln Wdg Amps
gnx gagtvuw %‘2 : gg : ggg 33“@ 1ts
. - . hux ()
ap Volts * 611 \ Maizx ng Amps
294 Torque, Oz ¥t



SWARY C!‘ BASIC DESIGN CALCUIA’I’IGNS
Pr) I2p 3l g Zag Pern
Bea 225' Forward 9 :23& Skow Perm
Sec I-«r,Backward 47 » 4 Rot slot porm
Core Loss 1883 <000 Rot Brid're Conat, -
P&N Loss 064 « 166 Sta Leak e‘wt PO
Stray Load lLoss 1490 +033 mt Leﬂak emt,l’u
Total Lossges, Watis, 8468 08677 :'2
S3ip 0353 L0784 O Hot
RPM 10418 <200 . Ha:ln React, 13
#ull Load 99,89 o 148 Res Hot
Torque,0z Ft,. 806, 1 «480 Aux React ﬁ
FL Aupd 192,3 047  Cap Ros, “ty
Main Wag Amps 1.8 » 581 Cap Roast
Aux Wag Hmps 86,4 163,7 Locked Ke ﬁaets
Main ﬁﬁg Watts 54363 570.7  Locked Tarque ,Oz t,
Anx Wag Watts 28675 57 Locked Amps
Efg »8980 736 Main Wdg Amps
P.¥, .981 31 Aux Wdg Ampe
Clamy 40,7 B0 hugude Teites
‘ ux
Mammﬁag Amps at EDT 4332 - 6 Yoy
RPY at BDT 2488
Maximum Starting Meximum Starting
Tarque Torque Per Ampere,

Angle - 79,38 63,1
Ts 5032 2906
Amp 2088 1053
Ey 1016 923
MFD 1560 1093
W'D §00 , 271 ,

(Actual MFD) (MFD for Swvitiching)
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BLECTRICAL AND MAGNETIC SPECIFICATIONS F(R SINGLE
PHASE IRDUCTION MOTORS

Slot Opmm e

RATING . TOR
Daaign Runmber »RyJe 75&0 Motor Temp Q
Type of Motor Two value £26,3. % cmauctm,gy
HP Rgting 28 »1358. Bar Area
Main pPhaso Volts 440 +000. Bar Extension
Sux,Phase Volts 440 «185. Ring Area
Praquency 180 6,187 Ring o.m
oles . 8 . 3,687 Ring I
FL RPM 10,600 116  Skew % Rotor Slots
Gross Iron 6.5 2,00 % Stray Load Loss
Shaft Material Magnetic 1000 Md at syn RPM, Watts,
I ‘ W
Outer Coil {Teeth) 17 37 an{%eeth)
TPC Outer Co 1 i3 TPQ Outar Coil
TPC 5 g
TIPC 5 6 . TPG
TPC 5 6 . TPC
%0 6 4 TPC
TPC 5] 4 . TIPC
TPC 5 7 Stds/Cond
e 8 +0641 Dig Bare
8tds/Cond, .7 +06873 Dia Over Ins
Dia, Bare 00641 1 No,0f circuits
- Dga over Ins, «0873 500 Btg, MFD
No.0f odrcuits p § 126 Rng MGD
TAT o ‘ e I
Sta Pchg Calc,Fo. ‘6142 Stall 422 Tooth Faco
Outside Dia, + 11,800 +207 Bff Tooth Width
Gap Dia, B8y 3756 1,071 - E£f Tooth Longth
Type of Slots -~  Part, Closed Lﬂm Eff Yoko Depth
No,slots '31 ‘ +4288 Neot Slot de. 5«9:&
Slot Depth - 1,200 » 362 Permagsible D
510t Opening o134 +06 ongt,.Aly
8lot Pitch, + 555 + 500 8lot Const,Wdg,
ROTOR g_qu_smagg | :
Rot Rchg Calc No, G.LS Rot III 224 B
Outelde Dia, . 6,298 400 Eﬁ' Tooth Length
EEf I.D, g 1,528 Yoke Depth Pehg
No,0f slots .31 «5D 81lotConst, de,‘l’op
Eype of glots slosed +005 Bridge Tims,
+400 +«035  Depth Blot Mouth
S35t Whath, Top "a57 J135  siot
Slot PLtoh, .638 ,000  Slot ccm.aé
000 <357

8lot Nmth,ﬁottom

i



e

SMARY OF BAGIG DESIGN CALCULATIONS SINGLE PHASE
INDUCTION MOTORS _ .

S

o

' - ' o 0
Design Number 6:.4:.8 04 ALy Gap
Bage Amps 42 .38 0466 BLf.ALlr Gap
Bage Ohms 48,4 8ta Core¢ Density
Bage Number 1;00 57.7  8ta Tosth Density
— - oo 31,14 Rot Core Density
5.6 Rot Teeth Density
MAIN WINDING. 18,8  Air Gap Density
' 1. Saturation Faetor
ws ndin Faemr Om p— . e
BLe. Seriea Cond, 132,90 ,
MIC 18,11 EL _ECSISTARCE
r4Cold,0hms, 0096 | _ |
r1 Hoty PU L0114 3,86  React Const x 100 PU
Copper Wos.ght 25,74 074  PU ghey
s e 103.8 Meg Perm
1,081 Sta Slot Pern
AUX, wgmmg 570 dg Zag Pern
o +430 Skew Perm
Winding Factor -y 2,762 Sta End Perm
Bf¢ Sories Cond 68,46 .889  Rotor Slot Perm
& Ratlo 4008 ,799  Rot Bridge Constant
MLC 5.9 00 7.46 Mag Reuct PU
120034, Ohms »0‘321 «188 Sta Leak Reaat PU
r1g Not, PU 0101 .073  Rot LealRenct
Gomper Wetght 22486 1945 Pri Flux C ans%
SPULL. RQT RESISTANC]
ﬁ Full,slot HD.I 73,8 +807 Res Const x 100
No,2 38.6 1,573 _ Bar Factor
!30;3 35,6 4.4 ng Factor
Ho,4 87,0 +0636 To HOt’ PU
No,6 81,9 3,28 Al wgt
Ho,?7 8149
Ho.8 81\'9
NOylo .000
RIom. _STA
Main Wag Amps 3.7 361  BDT,0z F¢
Aux Wdg Amps 83,6 8208 RPM
NL Amps 8l.4 848  Torque, Op Pt
NL Wabtts 3856 85  Main Wig Amps
Aux Wdg Volts £284,3 582  Cap Voits A
cap Volts 91,4 281 Aux de Volts
31':?% Main Wdg Amps

Torqm ’03 t;




A

MOTORS (CONTINUED)

SUMMARY (F BASIC DESIGN GALGULATIONS-::SINGLE PHASE INDBC'!.')ION |

EULL LOAD. LOCKED ROTOR
Pri 1°r 167 +503  24g Zog Pomm
See Iy, Forvard 00 4413  Bkevw Perm
Sec 1%, Backvard 277 T o34 Rot 8lot Perm
Core Loss 428 .000  Rot Bridge Const
FaW Loss 966 ~+ =18} ' Bte Leak Roact, PU
tray Lond Loss 373 3048 - Fot Leak React,Pn
Logses,Watts, 2908 067 1o BHot, PU
Blip .0336 +0782 Main Ree Hot
RPM | 0437 ',  Main React #
£ Rull Load 100.15 %0311  Aux Res Ho%, P
Torque, 3z Ft. 207 - »113 aux React
Fl, Aups 82,9 .0119 Cap Res, 30
dg Amps 13,8 « 170 Gap React PU
o Wdg Amps " 74,0 87,1 Locked KMatts
Main Wdg Watts 6018 "256,6 Lockod Torque, 0z Ft
A% Wdg Watts 15578 e Locked Amps
+8652 i X Main Wdg Amps
P, 891 36& Aux Wdg A’HPS
Cap Volts 824 64 Cap Volts
CH/Am& 2084 227 Aux Wag Volts
Main Wdg Amps BDT = 88,0 .
RPM at BDY . 8561
?iaximm Starting Haximm Starting
Torqua Torque per Ampete
Angle "  B0.6 37.0
Ty . 2203 347
Amp . . 1806 338
Bo 1328 690
MFD . 1386 885
1019

‘ 500 .
{ Actual MRD) .

(MFD for Switching)
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SLOT CONSTANT FOR WINDING
PORTION OF FLAT BOTTOMSLOTS.

\ i‘fé‘ Cwar 7
NN o
I
_d
-5 } KS - Cb( ﬁs
-4+
.z |
-2
[ ..-‘;\: ﬁ:‘gh_l ;‘ . o . e
o

18 19 20 24 22 23 24 25 26 27 24 29 30 3
3\5/ .62 1 -8 -9 1-0 i 2 I3 r4 5 16 1T 1B
32 - 33 34 35 36 37 a8 39 40 4y A2 43 -44
p wioltf afs/o/‘ Jﬁ/’ O{ Wrndrng

Raito WidtF of slot af boHom
F/3-6'4- D-K-GUPTA
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el ?a}t'allel Conneetion,
7.2, Sories Comnaction,

7.3, Waigitts
74, PF. Capasitors,

Appendixy Calculation of Accelerating Time,
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The performance of throv-phage,twoephase and single phage
designed induction motors have been calculated in Section <6, For
the perfornmance following curves have hean drawn.

(1) Torque vs, speed (8lip),
(11) Load current vs, speed (slip),
(114) Powar Factor vs, Speed (slip),
(v) KW Input Vs Speed (slip)

The £igures which refer to designs ares
Fig, 7.1, corresponds to Design Cale, No, 6,2.2,

Fig. 7:2 " » w " w g2.3
Fig, 7.3 " L « * 693
Fig, 7.4 *® . m " % §,3,3
Fig, 7.6 " " % m % gag,
Fig, 7.6 * " » ® * 63,8
Fige 77 " . ® wm® g4n,
Fig, 7.8 " 0w B 84,3

From the above performance cumves and summary of basic design calow
ulations the following comparison 1s made,

- - o —— o

....»........:_3,’1' . a:fhaﬁa_“ . ;Phasa - si}hg‘lcvs’haae
— ‘ gt e
Design No. 6.2,2 8.3.4 64442,
" N0 LOAD | |
Amps, 2 BUR! 93,9
K. Watts 2,640 R. 105 5,760
PF, ' 016 Loy 0.3 log 0.14 lag.
fgagteor - ~ e

—— PR
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PULL LOAD
Amps 120 gz 192.8
KWatts 80,800 82,212 83,050
ReP Mo 10674 10357 10810
Efficlency 9272 +9060 +8080
PJF.of motor.e‘?ﬁ +»D148 «581
Corrected PuF» 047 lead 0,67 lead
F‘gigoxf'gut 49.2 8.6 .4
B, D.T;rquo _
$§FL. 223 208 . 0384
BRI o5 160s4 71
;- 100 .06 99,86 99,93
7~2 SERIES CONNECTION
Design No, 6,2,3. g8.3.5 644,38
L.R.Saps. 128 112 238
L.R,Torque 9.8 15,6 16.0
~ 1bs.tt,. |
L.R.,PoF, 032 by 043 lag 0.65 lead
Lefag Paten — 0.7 lead 0,65 lead
%gg:{.eratingw sac, 26 g 8 sec. |
— — — A
7.3, WEIGHT S
Copper,dbs,  86.52 44,14 26.78
Iron,lbs, 155,82 252,39 228,80
Aluminum,lbs 5,65 6,67 3,28
Total,1bs, 197,49 803, 20 254,81

7ods PaFa CAPACIIORS,
In aingu phasa and two phase :lndueuon motors p.f. aapa—
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A A ST S P v R Aoy

'M.pa and in the running conditicn to improve thé powr factor..

For two-phase case then 1s 160 KVAR,440 V,3.phase,60 cyole
ps2. capacitor, In 180 oycle circult 2.3000£4, 440 V capacitors are
needed, Th’ese' transfornation of frequency is done by the 100 KVA
frequency tripler, The whole arrangement has been shown in £48.7.9.

For single~phase case there 1s 180 KVAR, 440V, S.phase, 60 cycle
psfs Bapacktor, In 180 cyecle cdrcuit thers are |

1=380 MPd (440 v, contimons
(640 V, 1 min,

and 1.125)f4 (602 V, continuous
(640 v, 1 min,

psfs capacitors, The vhole arrangement has been ghown in ﬁg,'?do.

Refer to Design Cale, No,6.3, and Fig, 7.4,
WK2 Compresser = 3 (Given)

W omtor = =T 3 (6,205)2 x 6,6 x 2,83
= 57"4 lbﬂﬁ
K2 MHotor = @gﬁﬂ Z 8 = 0346 £¢,2
WE2 Mator ® 87,4 x 0346 = 1,98 1bs, 3

Total WXS s 4,98 m:.u.
Aoter ToraEe W14 TE Y5 SE YE ; 5.0
Compressor Torque 1 1.8 3,75 6.5 1 15,6 1625 18,7580,25 21,0
AcclgsTarque 13 13,25 11,5 0.5 7,0 4,78 3.5 2,75 3,78 4,0
o 10 W77 o765 -B7  1.06 1,43 2,11 2,86 3,63 2,67 2,5

4 = 1sas

Acclg,time upto 10,000 rpm, = w. x 000 x 1.8648 = 0,2 seq,
Bimilarly accelerating time for other cases are detormined,

Boalgn Cal, Ho,,  Agclesn.Tlimes

- 843,86 26, 500,
5#‘;3 8 8€QC,
6,2:3 20 sec,

B, 25 1§




{00 HP , 180¢2, 4490V,

L':' - " 3-PH.A CONNECTED
§ : _ INDUCTION mMOTOR
% % —_ TORQUE CPARALLEL CONNECTION)
(’n e . - . 1 "":n ]
% ; g - m——————— K.W_ ’NPUT .DquBN N, 6 ,?ual-
pii § : f—— AMPS.
O S : ——— P F
Q *
oo & |
600 .. .. R ]
R
550 220110 T~ |
1L 500 284 U -
Y ]
N w '
-y -~ a
- re
o .
T £
5 250 160 55 - / |
D . ‘
o ;M t
. 5 a :
4 200 80 40.. 4 3
a ;
d i
'3 f506C 50 e '
P /'f/) ‘;
.. » — -—/O'
2100 4o 200 T ° g
1 50 20 {0 |
(
' 0.0:0.0 L | i N
10 5 8 7 6 5 Yy '3 E: i 2 - Suip
0 108 &6 324 432 540 €48 756 8.64 w2 (08X 107 >

SPEED

DR GURPTA

o
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180 s, 440V

3-PH A CONNEC TED INDUCTION MOTOR
(SERIES CONNECTION)

K‘l .
\ DESIGN * NO. 6.2.3.
o | |
S —  TORQUE |
g Y —-= KW, INPUT
RIS —-— AMPS., | _
<38 S .
TN 1R |
<t
T 550220”0r_

10 500 200 100

.

‘2 450 180 20

A

'8 400 160 80

T 350 140 701
g
‘6 300120 60|
‘5 250100 50|
‘4 200 80 40

"5 150 60 30

‘2 100 40

150 20 10
00 0 0] I ‘ ! ‘ L A ! } |
. lo 2 8 7 6 5 4 3 2 4  O0*SUP
0 108 216 F24 432 540 648 7156 8:64 972  10.8x10% |
| FIG. 7.2 | |
1 | DK GUPTA.



Kw. iNPuT
8 roRQUL, ths. ff

. 2.k
3
600

- 55022D o}

" —.

o
fa 5oo 200 00

9 _4:50 %2 g0
B 400 160 B0
F- -350.140 Jo
+6 300 120 40

..*»85 250 100 S0

'* 20080401
. 3. 150 60. 30

2 100 40 20

.1 50 .26 10

- - -
e = - -

— TORAUE

- = - KW.INPUT _

—— AMPS.
ce—we— P-F

- -
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100 WP 180C[s , A40V.
2@pH. 1.MOTOR
(Paxslle] Conmection)
DesIsn No.6.3.2

© O 0 o

-0

o

:9 -3 7

108 216 324

-6 -5 4 . -2 9

log 10 speeel.

D K- QUPTA

L32 542 648 756 864 IR

Flg.No. 7-3.
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IS HD, BOCs 440y
2-PHASL - YNDULTiIONMETD

Lo SERIES CONNECTION
v JEslaN WO 633
— ———— KW INPOT :
=2 .
(2%
w35 —— AMPS
wE oz 9 e DUF.
e 4 P
A
t
| s Pt
Cuoeo i MM
"o
1-0 100 50 25
.8 90
B B0 40 20
N v
& 6O 0I5
5 50 | L
HE;W_‘XN_EET.W ——
<& 43 10 1D
330
‘110 W 50 e T '
40
2 0 0 O . , o :
te 3 .8 7 & .5 403 L LY O~ SLIP

O 1O Uk 124 432 540 4B 156 BGA 97 1ne e SPLLD

\

DM GUPTA

FlG. T4

L2
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100 4P 160 s 440V,

2-PRECEINDUCTION MOTOR
(PARALIEL CONNEC TION)

}Q TLEaN NO. 6.3.4.
i)} ;
N — TORQUE
35 Y -—-- K WINPUT
. % S ——AMPS.
9=y - PF.
T 2 h
< ¥ f
600 T 120\ _
‘)
550 220 110,

0 500 200 100G~ —,
‘9 450 {80 90[.

'8 400 160 80

‘T 350 140 60} : v s

'6 300 120 60 | /\ . 3(

"5 250 100 50| / : 6 4
; g
4 200 80 40, T B
ae— "
| i~ f
'3 150 60 30 ' ‘ \
"2 100 40 201 _ _ ‘ P v
1
1 5 20 fo| . | \
i
0 ¢ 0ol . | . | : | . 1 . !

. f0 9 g 7 6 5 4 3 2 1 0»SUP
0 108 216 324 4B2 540 648 T56 g'64 972 [M0Fx/03
' ‘ E — SPEED

|
|
1

FIG. 7.5 |

D.K.GUPTA.
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106 +HR 180 %, 440V,
I-§ INDUCTION MOTOR -
(PARALLEL CONNECTION)

DESIGN NO. 6.4 2
TORQUE ’

. —— -~ KW INPUT
N W —-— AMPS

2 9 - CAP VOLTS
~ g ~ i |
g )
v X3 g!
G ‘Q X E( v
0o ¥ 300 |
PN
]

50030166 80

450 150 S0 40|
: d

| L | ; i L ’ 1
' ‘ ' ' ' 1 0 SlLP

0 ¢ 0 0
.

¢

Lo+
o
~
L%
b
[
B

0 108 26 324 432 540 648 756 864 972 J08X10SPEED
. . i R _*’

D, K.CGUPTA.
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8. CONCLUSION

From the designed mchines 1t 15 sem that "Comparative

Design® process helps & lot &n saving time in designihg mbst econ.
omical -designs, The materials have been used to their maximum cape
aclty giving rise to a miniwum weight, When the designs are compareod
1t 1s seen that they have got high efficlencies, excellent p.f, and
givas best performances, The accelerating time s well with in pere
1esible value, The whole beauty of the method 1les in the 9 derived
relations of Section 1 which makas the dealpn aimple for typical
accelorating- torque curve of &rm. o ' ‘

The designed induction motors are showing the best possi-
ble performance, The whole work is baged "c«u‘ purs thééry. The guﬁaér
wish that some day he w1l meke mctual machines and gee the accuracy
of the results, He is confidmnt that thers may be sinor difference
and that too may be due to mamfacturing difficulty, The suthor
thinks that full justice has been done with dissertation snd reason~
ably correct results have been obtained,
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