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Introduction

[J Primary AC motor drives
@ Induction motors
€ Permanent Magnet Brushless (Synchronous Motors)
Both have similar stators but different rotor construction

[0 Stator windings produce
sinusoidal field distribution

© Copyright Ned Mohan 2010



Sinusoidally-distributed Stator Windings

magnetic axis
of phase a

Conductor density  Ns(€)=Mssin(@) [no.of conductors/rad] 0<& <z
Total Ng = ns(0)d6 = [ figsin(0)de = 21

- ns(e):%sin(e) 0<O<r
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Air-gap Field Distribution

Ha(0)=—Ha(0 +7)

Ha(H)Ig —Ha(6?+7r)|g = 2Ha(¢9)lg

(negative sign because line of integration points
inwards at 6 + 7)

2H,(0)lg = [ ns(0+£)iadS
2H,(0) :%iajg sin(@+¢&) d& = Ny i, cos(6) e
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= H,(60) = 5 i, cos(6) o e, Ba(0)

20
stator surface

H,(0) = ZNTSia cos(0)

g N roto/ulf_?c ’
B, (0) = Ho Ha(‘g) = (/uzogsjia COS(Q) Fa. Ha
g

Fa(0) = £4 H,(6) =%ia cos(0)

Field quantities have different
magnitudes and units but same shape
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Three-phase sinusoidally-distributed

stator windings

1

B (8)0] S -
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"o o w10 2 %0 af
B.(0) o _.\; e
1 [
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O Example ORI [
N.i "o eo 120 1536/220 3230 4209
B,(0)= “"TS""‘COS@ =0.628cos& Wb,
9
By (6) = ~0.440 x cos( 0 —120° ) Wb/m?
B, (¢) = —0.188 x cos( 6 — 240° ) Wb/m?
B () = B, (0) + By (6) + B, (0) =0.967 cos (6 — 13.03°)
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Space Vector to Represent S|nu50|dal Distributions

b - axis N b — axis .

At time ‘t’
O Properties of sine(cosine) K (9)
@ sum of two sine = sine /\ /\
@ integral/derivative of sine = sine N A Stat?rsugace
O Complex number representation |z V e
Ns (= Ns : 0
F.(0,t)= Py ip(t)cos(0) < Fa(t):7|a(t)40
Similarly, = No;. g = N, . 0
’ t)=—"i,(t)£120 F.(t)=—>1.(t)£240
m R (6)="%in (1) (0)="5c (1)

F —F +Fb+F —FLQ,:
[J Similar expressions for B and H
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Example

Three-phase, sinusoidally-distributed stator with &:50 turns
At time t, i, =10A, i, =-10A and i, =0A
Find F

F(t)= %(iazoo +ip2120° +i,.2240°)

= 50{10+(—10) [cos120° + jsin120°]+(0) [cos 240° + jsin 24o°]}

F(t)=50x17.32/—30° = 866 £ —30° A-turns
Fs (0)

|
|
f /\ ______
: - 30°
-30 0
9=0

Fs (t)

If 1, =1.5mm and s, =oo, find B(t).
B(t) =0.732 - 30°T
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Summary

Introduction to AC Machines

@ Sinusoidally-distributed Windings
€ Air gap field distribution
@ Three-phase windings

€ Space vectors to represent sinusoidal distributions
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