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Basic Structure

[ Construction

2pole 4pole salient pole

Sufficient to consider a 2-pole machine
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Production of Magnetic Field

[J Radial field (H,F,B) in the air gap

= /,[:OO
H positive if away from the center
[0 Using Ampere’s law, field ~ Kngagnetic
axIS
produced by the stator is,
g
H _ NSiS
5 =
mmf acting on air gap
. Bs (t) _
N I +Ns'sﬂo
F = Hsfg — stator surface 2l ‘
N6 @ , ® : ® 0
T )k i i 1TrE T 2T
& Flux density in air gap rotor surface e DL
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Bs = 1 Hs 2 : %
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Basic Principles of Operation

[0 Force on a current carrying conductor subjected to an externally-
established magnetic field

fon = B/

[0 emfinduced in a conductor moving in a magnetic field

e=B/uU
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Electromagnetic Force

external B field

il
T

=
[/ A=\

® )
\ N\~ /)

~_ .

\ , , resultant
subtract add
_ " [ Force Direction -
fem= B [ 1 . .
—— _— Higher concentration to
[Nm] [\/\/b/mz] [m] [A] lower concentration
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Induced EMF

Force on positive charges

_ o] X X
fq - q (UX B) B (into paper)
In this example a net positive charge X X
accumulates at the top and a net % %
negative charge accumulates at the

bottom
X X
Magnitude of induced emf
e= B | U

—— —_— ) ) ——
V1 pwb/m2jtmlim/s]
Polarity of induced emf is given by fq

and is independent of current flowing

through the conductor
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Application of Basic Principles

[0 Assumptions

€ Uniform B, , radial in direction

€ Rotor current of constant magnitude -7
but direction changes with position ¢ o
'r Ier
€ counter-clockwise torque is positive -
[J Force acting on the conductor E!fs(igr'ﬁa
1:em:Bs(NrI)I
and torque on coil _
I
Tom =2 foul = 2B (N, 1) Ir j — —
torqgue remains constant as rotor turns N 1800 3607
[ emf induced in coil ,
er E B
€r =2€cong =2 N Bsl o r
5 )
—E
Temf
° 5

© Copyright Ned Mohan 2010



Energy conversion
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Power losses and Energy efficiency

[J Motor losses
¢ Conduction losses, Py
¢ |ron losses, B,

¢ Friction and windage losses, Py,

+ Switching losses, P,
¢ Stray losses, P

Ross =R + Phe + Pow + P + Fs

P, Po

’mach = =
Fn  Fo+Hoss

[0 PPU losses
¢ Conduction losses
¢ Switching losses

MNdrive = 17PPU X Mmotor
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Motor Ratings

[] Safe Operating Area

Speid

Continuous

Safe Operating

Area

100%-- Reduced torque
due to lack of
cooling
0 100%>Torque

[0 Rated speed, torque and power  Prated =®@rated Trated

[J Motor temperature rise due to losses

[J Expanded safe operating area during transients and
for intermittent operation
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