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- DIMKNSIONS OF SMALL POWSR THRKE PHASE INDUCIION
MOTORS ON THRIR CHARACTRRISTICE"®

BY
Sayed 4. Hassan® and Mohamed Helmy Bl-Maghraby™.

The ratio of stator length to the bore diameter (??') of
small power poly-phase induction motors affects to some extent
the technical and economical characteristics. The value off??)
has usally a ratio between 0.6 and l.4, however, it is shown
in the present analysis that increasing this ratic to a value
around 2 improves these characteristics. On the other hand,
decreasing his ratio less than 1.0 wersens these characteristics.
Therefore, in designing small power polyphase induction motors,
it is favourable to take the ratio (¥°) between 1 to 2, to obtain
a lighter motor with lmproved characteristics. '

I. IRIROOUCTION
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In designing electrical machines, even with known values
of mognetic induction in air gap (Bg) and specific electric
loading (11), there are many choices for the selection of the
relation or ratio between the stator length (Ll) and the stator
bore diameter (Dl). In (21, for example, this ratio eccurs in

the region from 0.6 to 1.4, and in (1) from 0.7 to 1.6 for 2p=2
and from 0.6 up to 1.2 for 2p = #. o

To the authors's knowledge, the effect of (%?) on the charw
actoristics of electric motors has-tillnow-not enough explanat-
lon, thereforethe object of this paper i8 to study and make
a complete mathematical apmalysis of his effect.
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II. THEORETICAL ANALYSIS

2.1. Weight of induction motor:

The weight of an induction motor is approximatly the
sum ‘of the following weights: Stator and rotor windings Gy

Gwa s+ stator and rotor iron cores Gi‘ motor frame Gf, and

motor end-covers Ge.c. These weights can be calculated by
the following equations:

Gy = 849 (21,0 my. W, &) 107 = a2§1/5 + aj-%?‘?/’

[EE NN N (ks) (l-l)
Gwz = G-b + Gr = 2,7.%.1!1082-10-5 + 2.2’70%0“ oDrolo-s
a“%/j + 8g év-'?/} seesse (kg) (1=2)

g = Gy * Gy + Guo+ Gup = 7,84Byeby ey o200 4 5,5
(02 - D3)) 1,.1072 + 5,5.207%(02, - D2,-8,4,,) Iy
+5,5.0072. D5, Ly = ag+ 8y + ag + &g = 810

sevese (kg) (1-3)
Gp = 2,74207%. 7% . DL, £ = 8  ceeees (kE)  (1-4)

Gy = 2:2,7.207% . L= . D% . af = al;_,/% eeee (kg)  (1-5)

where:

a.l = Df Ll = Di?: GPB./nl; a, = 27,95.10-5 (ka H/Jl)alafji
85 = 87,75.107 (i kj 4 /3,.20) a3

ay = 8,48.107. k, k, ky (&/8) 5%,

85 = 0,0263.8,. Ns.a;;
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S & F

= Di + 2 18 + 2 hsl + 2 hcl = Btator suter diemeter, cm;

= D1 + 2 hal‘ cm;
= D1 -2 ig = rotor outer diameter, cm;
=D

0,022 (( A + ) + (M AD + 22N+ A)) &y

5,501072 (# A (=2 %) = Ay) 8, A5 ) &)

5:5-

107(1-2 A, - 2 A% ags

= 0,017. h5 (1+2 \1 + 2 }3 + 2 34 + 35) 8,3

4,25.2077 L N5(1 + 2 + 2}\5 v 2N+ A% e,

- 1,8 for 2P

1,5

2; #;6 and full-pitch winding end equal to
for 2P = 2;4#;6 and short pitch winding,

= IfP/I1 = 1 for star connection and = 1/ [ 3 for delta

connection;

= coofficient equal to 0,3 -~ 0,63
= Btator winding factor,

lS/D 3

hBE/Dl;

= hgy/Dps
= ho /D5

‘bf/Dl— ratio between air gap length, rotor slot depth;

stator core depth and frame thickness to stator bore
diameter;

Bg/Btl nex - relation between air gap flux density to max.

flux density in stator teeth;

o2

- 2 th, Cm;
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Df = Dbl + of = frame diameter, cm;
Lf = 2Ll + (0,4 - 1,0) = frame length, cm;

Sl number of stator slots;

32 - number of rotor slots;

m, - number of stator phases;

' Wl - number of turns/phase;

Al - specific electric loading, A.C/cm;

¢ =~ machine constant;

Pa - electro magnetic power, VA;

n, = Ssynchronous speed, r.p.m.}

31+Jp3 - Stator, bar and ring current density, A/mma;
2P <~ number of poles;

8,198,38, = stator conductor, bar and ring cross-section area,

mma;
lmc - length of stator mean conductor, cm;
Ll - 8tator core length, cm;

D, - ring mean diameter, cm;

d32 = rotor slot diameter, cm;

Gy, 16y, -~ weight of rotor bars and cage rings, kgi
th’Gcl - woight of stator teeth amnd core, kgj
Gta’ G02 - weight of rotor teeth and core, kg.

Therefore, total weight of inductien motor as a function
of the ratio ("%’), will be in the form:

G = 8 3 ?1/5 + 8, %‘?‘/5 + 8y, E?:l + 85 see(kg) (1-6)

Where:
9,15:&21' aa; a,“_=a5+ 3.5; 815=810+3113
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and the specific weight of the motor

YH = G/P, ceeses (kg/watt)  (1-7)

2.2+ Losses and efficiency of induction motor:

The losses in induction motor consist of¢ copper losses
in 8tator and rotor windings Pcul’ Pcuzi iron losses in stator
core P;,; friction and windage losses P, . Or simply mechanical
losses Pm' Additional or stray losses - as in usual practice =
are taken as a percentage of the total losses

2
P = aI . - l/
cul = Tpel) -7 aleg* %4 &17?-2/5 .ss(watts) (2-1)

1/3 -a/3

Poyp = M K3 IT e, = a1, =7 alg.s-i—.; . eo(Watts) (2-2)

_ _ 2 1,3 2 1,3
Pil = Ptl + Pcl = Py Btl ( f1/50) ' Gpq + pi°Bcl(fl/5o) LA
Gcl = am + aal = &22 ..-.(W&ttﬁ) (2"5)
- _ -3 3 3 Ja-1#
P = Pfr + P, = km.Gr.nl.lo + 20,5 L0710 ~'=
n, < 15000 r.p.m
1 1/3
= 325 -+ 324/ F?"' ....(W&ttﬂ) (2"‘"-&)
- - -3
PII]. = PfI‘ + Pw = km. Gr.’nlolo +0 ,5 Dga

L
(1+5 1;1—2) n.10716
o

= 855 + a25/ ;—%’5/5 + a26/4g(!2/5
.....(W&tta) (2‘*‘.b)

n, 7 15000 r.p.m

Therefore the total losses of induction motor are:

a8 - in the case of nl\<‘15000 TePeolle
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ZP-& (Pcul-rP 2+Pi +P)_§°(a27\e + asg ng?afj

+ B,y ? 1/3)

b~ in the case of D, 15000 r.p.m

I E NN ('atts) (2“50&)

Z_P_g (Pcul+Pcu2+Pi +P)-S (aa,?? +a.50§- 2/3

+ 8y + 8y ?'5/5) sesss{Watts) (2-5.b)

Efficiency of induction motor in case of n 15000 r.p.m
2/3
Pa
M=v;+7F = —173
P‘.‘1 +a27 o?-raae +a29§ ? +a24§ s;-,
(2"6.&)
and in the case of n) 15000 r.p.n
5/3

7 . P, P,

P, +Z® Pagls tay 3;% *ax '3‘0‘%"’ azgcsog75+a25c3’

aPSssaase (2"6.b)
Where:

a6 =T kg K 3y 4y 8, ¥%/57005 8y, = 7 kg ky Ky 314y8) % %/5700. 205

818 = ke ky kp k3 3y 4 “12/3/1°°'X

2
&g =T “e.xu.ka.k‘,,(l-a N =AY g, 11a12/3/100 Y[sa sin(—;gz—);

o
8
l

21 0,022, Pye @%Bg (11/50)1'5 ((Rl-r )\‘)-r(?\f + Ai)

o
]
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= 20“ olo-eokm nl(l-a Al)a a'l‘

0,3.1072, n31-2\,)° &/
16 3

2.5.

= &gt gl
= al? + 8.19;
= a22 + a25;

= 8y + 8Bogi

Btator resistance, ohm; 52 - rotor resistance referred to
the stator, ohm;

Gpecific irom loss, w/kg; fl - Supply frequency, Hzj

rotor speed, r.p.mj

useful power at the motor shaft, wattsj Ptl -~ iron losses

in stator teeth, watts;

iron losses in stator core, watts; Btl' Bcl = flux density
2

in stator teeth and core, wb/m; Qa = Bc]_/Bs - relation

between flux density in stator core and air-gap; Gr -weight

of rotor with Cage, kg; k = 1 - 3 = imperical oonstant;

temperature coefficient; 3; - 8tray load losses coeffici-

ent; ‘(- Bpecific conductivity.

Power factor of induction motor:

Power factor of a poly - phase induction motor as a funct-

ion of (%?), 18 determined by the following equations:
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cos P - EF%'I} = 351.P2+a32. é’/} + 833 €"2/5
0515000 r.pem +a3y + 83g {—.‘fll; (3~a);

P, \ Y3 4a g_;zli
cos P = m = 3‘31':92 +8,32 gi: 36 S
n >»15000 r.p.m _‘5/5 {3b).

+a34_ + a”
where:

az = 5, 48, 10* Bk, . o &) -Bgeny .85
&32 - 8.510 &270 .5-0;

833 = 831+ 428° Soi

835 = 837+ 835 B,
837 = 831+ 857 B

1~ input power to the motor, watts; Vl? - applied phase
voltage, volts;

ol = By, /By = 0,64 - relation between 'average and total flux

density in the airrgap; B = El/vl? = 0,8 - 0,94 - for

induction motors vating <600 watts,.

2.4+ Thermal characteristics of induction motors:

Thermal characterietics of induction motors in this work
means the specific thermal locading and the average temperature
rise for the frame surface area. ©Specific thermal loading of
poly-phase induction motors is the quotient of total losses at

nominal loadZ P to the total frome and the end-coveys surface
area, i.e.
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o

838?) +a59 E-

at n<15000 r.p.m

v o3 (w/cma) (4=l.a);
crprs, = 00T Y A0S Rty v B &7 D

1/3 =2/3
a 2 + a =
38 € 9

%hn
lﬁt n>>»15000 r.p.m
(%/cn®)  (4=l.b)

Average temperature rise of the freme surface

= Z2 = = - ° sescece
J = o G/ &= £ (§)  (°0) (4-2)

where: 1/3 =2/3 (cma)

Sf = 8.58 ﬁz + 839 %)

2 (+2 )y + 285+ 22+ ) a3
-75— (142 ) + 2 )\5 + 20, 4+ ?\5)2a12'/5;

838
839

A Y
ol — heat transfer coefficient of the frame surfaca.

2.5+ Parameters of induction motor:

The dependance of poly phase induction motor parsmeters on
the ratio (%’) is analysed and explained as follows.

o e 2t 1/3 23 e
) R PP A0 T T8 & ° =
5700-2301 ?ﬂ ?
\ 4ml(le ""1) T. 1/3 =-2/3
8, 2 sin _xég { 45 ‘EE
2
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4 2/3
r = ———L-— = 8a -- ohn (5"'3)
° n I‘2 4 ?
1 o
BE, W2 L \k -1
=___]'—L—L 1 =18 + & + & =2 ohm (5-4)
qu 45 45 477 %
2
§2=2ﬂ‘flLlﬂ-—s—2-—— )\2=a48+a49+950§?
2 ohm (5-5)
e U -8 B3
X = l,G.m of ——— - - 10 = 85 2P
© 171 1
P kaoksols %
obm (5-6)
where:

2
8,0 = 28,9.10° kg k3 (k3 S Vg ) %
ky (kg e of Bgemy )24 &2

»

me
841 = B0 J
2p Koy 5 Yy 32 3
| 8 )
8y = 1,63.10 kJ 7
¥ ekgyekpedy (o «Ben) )T &
= 5,18.10° fo (k35Nip )2(1'2_7\_1;:}‘ My
pCe 3 3
¥ Y'kwlOkaoAl(D;.;Bsonl) 8in %0320314/3
By = T2 Pyt (kyy k5D 221 /5,) 3(31-2 ag + BS a)) . 107
(P.ks.kﬂ. kl)a . 3.12/3
e \
m, (ky 8V ,
85 = 15,51.10% 2L s ~F : Ngps
(%1‘& BS) 'Slonlo&l
) \
a‘l{.ﬁ = a.q.5 ( }\tl/ Aﬂl);
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&47 = 9.45 ( k]-/}\l)'
8 m (ks cvlq’) 1

8, = 1861.10 2 1
8, (o(.Bs.nl) 8,
a9 = eugl Mg/ Ng2di 850 = ugl N/ Mgl
e 3
o =0,42009 3TV f & ;
51 p-kaokso hl

Tys Tp = bar and ring resistance, ohm; r, — core loss resistance
ohm; IIZ\o - no-load carrent, a; x - stator leakage reactance,
ohm; x, - rotor leakage reactance :\referred to the stator, ohm;
magnetizing reactance, ohm. )\1 - total permeance coeffi-
cient of the stator; \sl' ?\tl' \ol - permeance coefficient of
stator slot, teeth and orer hange; ql - number of slots/pole/
phaﬂe. }2 ~ total permenace coefficient of the rotor; )\82,
N:z' Roa - permeance coefficient of rotor slot, teeth and
around the cage rings; U - polepitch, cm; g - air gap coeffi-
cient, k, - saturation coefficient.

2.6, Starting end working characteristics:

A good design of poly-phase lnduction motor has to fulfil
the following requirements: minimum working slip (Sn), maximum
over load capacity (Hﬁm_/ﬂn); maximum starting torque (Hat) or
maximum ratio of (Hstjﬂn); and minimum starting current, i.e.
minimum (Ist/I ). The following equations describe the above
requirements in relation of ( &= ):

)
—.1/3
8 = Pc1.12 = Pcuf-‘. E'k].B ] M El'19
n
Pcm P2 + Pc,1.1.2"'Pr|1

==a/3

l -

n<15000 r.p.m

(6elea)
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s, _2/3
8 = &gt 89 ¥
: 1/3 ~2/3 =5/3 =
P, + = + => + a,z* > + a5 &&
2¥ %8 < %19 F\ 23825 {’ ;

n>1500'0 I'ePel

(6.1.b)
\ 1/3 L ~2/3
s z2 o 22§ aﬂﬁ; (6.2)
n X, +X, ag, + 355%7
8 8 ]
MoV = % (e Bm)a+b=fc%§-‘) (6.3)
mn n
: (r.8 (:\.)‘2 + + G\ )2
M M = 1% * \ré (x \12 =12 (%) (6.4)
((r) + Cr2)2 + (x + (::\i:::,)a)ﬁon
M, /M
I/1, = f-—’;“—/—‘l— =f (g) (6.5)
n 3
wheres

850 = By5 * B4t Bug ¥ Bugi 853 = Bup + 8508

2 + X
a -_-11"1‘-]: ;d:xl 2 ;c=1+:l .
1+ 1+ @° ry 0
B} 1
lvrys +a°

III, COMMENTS AND DISCUBSIONS

The obtalned equations are used to calculate the characte-
ristics for a number of small power polyphase induction motor.
A8 a reference data the following motors are takeﬂl):

AOL 011/2; AOL 11/2; AOL 21/2 end AOL 22/2, the results are
plotted as curves in Figs. (1 = 7).
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Figs. (1,5,6,7) show the effect of (¥ ) on the motor weight
from which it could be seen that increasing ratio (%: ) is acco=~
mplished by: decreasing the weight of stator windings due to the
decrease in the over hang length; decreasing the weight of rotor
windings due to the decrease in the mean diameter of the short
circult rings; decreasing the weight of the motor end-covers due
to the small outer diameter of the motor; and increasing the
weight of the motor frame due to the increasing of motor length.
The effect of ratio (E?) on the weight of iron is not pronounced
due to the fact that the stator volume is constant. Therefore
the total weight and specific weight of the motor is dscreased
with increasing ratio (f?'), it should be notéc ed that decreas-
ing of the motor weight is very pronounced when the ratio ( §$? )
equals 0,2 up to 1l.

Increasing (¢ ) decreased the losses in the stator and the
rotor winding due To the decrease in stater and rotor active
resistances while the iren losses are nearly censtant. Therefore,
the total losses decrease and the efficiency increased with the
increasing of (i? ). The power factor also increases due te the
decrease of reactive power and the motor leakage ractances.
Speeific thermal loading and average temperature rise decrease
with the increasing of (ﬁ? ) due to the decreasing of total los-
ses and increasing of the frame surface area (FigB., 2,3,5,6,7).

The starting and working characteristics with respect to
the ratio (??) are shown in Figs. (4,5,6,7) from which it could’

be seen that increasing () improves this characteristics with
the sxception of the starting current.

However, it iB clear from the above discussion that increas-
ing ratio (¢) decreases the motor weight and hence it gives a

cheaper motor. 4lso, improving the motor characteristics could

be obtained by increasing the motor length end decreasing the
motor diameter.
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CONCLUSIONS

In designing small power poly-phase induction motors, it
is favourable to take the ratio (E') between (1 = 2) to obtain
a lighter motor with improved characteristics. Comparison
between the new values of ('ﬁf) and the old ones (0,6- 1,4)
show that the new values - suggested in this work - give small
wolght and hence small cost of material. 4lso it gives low
losses, high efficiency, high power factor, small thermal load-
ing, lower temperature rise, lower nominal and maximum slip and
higher starting and maximum torque.
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