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UNIT 04 17 Design of Induction Motor




Amagination is more important than
knowl edge. 0O

0 ALBERT EINSTEIN
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OUTPUT EQUATION

Consider an ‘m’ phase machine having one circuit (parallel path) per
phase, kVA rating of machine.

@ = number of phase x output voltage per phase x current per phase x 10~
=m Ep,. Iy x 1073,

Terminal voltage of each phases may be taken equal to the induced emf per phase.
We have,

Induced emf per phase E, =444 fO T K. . Q=m x444fOT K + I, x 10-2

But i f=pnj2 ’ | ’
Therefore we can write, -
Q=mx444pn/2) 0T, K, I, x 107
=111 K, (p®) 2m Ip,,, Tp,.)u, x 1073
Now current in each conductor I, = IM (as there is only one circuit per phase).

Total number of armature cond;lct,o;g

Z = number of phases x (2 x turns per phase) =2 m T,,.
Total electric loading =1, Z=2m 1, T,.

Hence, Q =111K, (@) U, Z)n, x 107

= 1.11 K| (total magnetic loading) (total electric loading)

(synchronous speed x 10~%)
But p®=aDLB,  andI, Z = =D ac
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Q =(1.11 K, (xDL B,) (xD ac)n, x 10~

= (11122 B,, ac K, x 10°%) D? Ln,
= (11B,, ac K, x 10 D? Ln,
=C, DL n,

Q= C, D n,

(D

where C,=11B, ac K, x 1073

MAIN DIMENSIONS

The armature dia'm_eter D (or stator bore) and stator core length
L are known as main dimensions. The quantity D’L is in m” and called
as volume of the machine.  swo '

Fig.  Muain Dimensions I and L
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The size or volume of the active parts of machine as given by
D’L depends upon two factors.(i) output co—efficient, C, (ii) the speed,
n;. For higher values of C, and n,, D°L. and the size of the machine
decreases. Thus, to obtain smallest dimensions of the machine, the
output co—efficient C, must be selected as highest as possible. The
separation of D and L, from the product DIL, depends on the ratio L/}
where J = nlp. In induction motors, most of the operating
characteristics are decided by L/t ratio of the motor. The ratio of core

length to pole pitch (L/t) for various design features are listed in

Table _
Design Feature .. Ratio L/t
(1) Minimum cost - 1l5tw2 '
(2) Good Power Factor 1t01.25
(3) Good Efficiency 1.5
{(4) Good Overall design - 1

Table  L/tvalues:
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CHOICE OF SPECIFIC LOADINGS

1. Choice of specific magnetic loadings

(1) Power factor. The value of flux density in air gap should be small as otherwise the
machine will draw a large magnetising current giving a poor power factor. However,
in induction motors the flux density in the air gap, should be such that there is no saturation in
any part of the magnetic circuit.

(i) Iron loss. An increased value of gap density results in increased iron loss and decreased
efficiency.

(iif) Overload capacity. The value of air gap flux density determines the overload capacity.
A high value of B, means that the flux per pole is large. Thus for the same voltage, the winding
requires less turns per phase and if the number of turns is less, the leakage reactance becomes
small. With small leakage reactance the circle diagram of the machine has a large diameter
which means that the maximum output, which the machine is capable of giving, is large or in
other words the machine has a large over-load capacity. Thus, with the assumption of a higher
value of B, , we get a higher value of overload capacity.

For 50 Hz machines of normal design the value of B, lies between 0.3 and 0.6 Wi/
m?. For machines used in cranes, rolling mills etc., where a large overload capacity is
required, a value of 0.65 Wh/m* may be used.
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2. Choice of specific electric loadings

(i) Copper loss and temperature rise. A large value of ac means that a greater amount of
copper is employed in the machine. This results in higher copper losses and large temperature

rise of embedded conductors

(ii) Voltage. A small value of ac should be taken for high voltage machines as in their case
the space required for insulation is large

(itf) Querload capacity. A large value of ampere conductors would result in large number
of turns per phase. This would mean that the leakage reactance of the machine becomes high
and the diameter of circle diagram is reduced resulting in reduced value of overload capacity.
Therefore, higher the value of ac, the lower would be the overload capacity.

Hence the value of ampere conductors per metre depends upon the size of the motor,
the voltage of stator winding, the type of ventilation and the overload capacity desired.
It varies between 5000 to 45000 ampere conductors per metre depending upon the factors listed
above.
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DESIGN OF STATOR

1. Stator turns/phase

, E B_rmDL
Turns/phase  7T;,=————  and ¢, = i
4.444, 1K s P
2. Area of stator conductors
]S

Area of each stator conductor ag =

o~

o7

S
Input kVA
3Eq

Current density in stator &, =3 to 5 A/mm’

Stator current per phase /=

3. Shape of Stator slots

Slots may be completely open or semi closed. Semi closed slots are preferred for induction motors
because with their use the gap contraction factor is small giving a small value of magnetizing
current. The use of semi enclosed slots results in low tooth pulsation loss and a much quieter
operation as compared with that with open slots.
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4. Stator slots

Number of stator slots  S¢ =3 pg;

Where p = Number of poles
¢s = Number of stator slots/pole/phase =2

Number of stator slots S = an

Vss

Where y = stator slot pitch

=10to 15 mm for single layer winding
=15to 25 mm for double layer winding

5. Stator conductors

Number of stator conductors
Zs=2Ts forsingle phase
Zs=6Ts for three phase

Number of stator conductor per slot

Z
Zg =—%

N
= Integer for single layer winding
= Even integer for double layer winding
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6. Slot loading

Slot loading =1z Zss and Iz=1Is

NOTE: 1. The stator is provided with radial ventilating ducts if the core length exceeds 100 to 125 mm.

2. The width of each duct is about 8 to 10 mm.

3. InputkVA Q= i
ncos®
4. ToputkVA o-lpx0-746
ncos®
5. Kws=0.955
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