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2- Flux-Switching Permanent Magnet
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1- Finite Element Method
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1- Notch
2- Surface-Mounted Permanent Magnet
3- Interior Permanent Magnet
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1- Axial Field Flux-Switching Permanent Magnet Machines
2- Response Surface Methodology
3- Segmented Rotor Flux Switching



1999y LIS 3,5 s gy Ay glailase Holuis uals -¥-Y

hals cge Jazme § (5970 D90 4 labial (405 Cha S0l (90 PM lapile o
Slalass Hglias sagly aS 0,5l Caws s ailais (o, Cl 90 g oo dled op puedS 939, (slais

Ny, L0 959, 50 e ;0 G Dyge w4 ST azs (o il aldles WS a0 VAL g0 ol o
IIY] Wl oo slaslass jobas ganals jialS C>ge

[VY¥] &= »FSPM il o (RTAP)YLS')W g0 A L9y, laailais 8,5 cas i,
P bie polie 9005 5sS jemme Job )0 989, ailais By Gl cnl 5o w0l aslllas
iy SRSl 09 b g0 (i3S el QBN gailais (o sl el Jsb e 5 559, (gails
@) 5559, laailais (10,5 Sz by, (Y-1) K& 990 o0 yare (g0 dus (3l s 050 (1]
(RTCP) " larme &j50 4y laailais (39,5 Cdr gy amo g0 ialed (s § (55570 )90
slalss oo Las (g, ol o ols 0,5 (53s, z9) lraslass slaws L Slacpsle [0 Lo
555y Slaalais slasi (g y95ee sy 5o (rlple g e0 S0 5is) 5o Glee 0 S D jpod S
Lol (Jaime gy s ad 585, (090 VL (Gl (nl Koo laa e 50l eal

oz jlla by, S0 b 5is; slaailais (Jae ol Cdx sy (le glanlio [VF] a2 e 0
e g0 4 alais ad S by, ailesls ploxil g9, BILE 5 00 S Cyge TS

2 6y (6O 5T sy dulie (glojby, ,5u0 4y o Lol 3535 oo (clailis gLt alS g

1- Pairing

2- Rotor Teeth Axial Pairing

3- Rotor Teeth Circumferential Pairing
4- Chamfering

5- Skewing
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1- Rotor Step Skewing
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1- Hybrid-Excited Flux-Switching
2- Wound-Excited Flux-Switching
3- Radial-Flux
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1- Halbach Flux- Switching Permanent Magnet
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Abstract

Nowadays, brushless rotor permanent magnet (PM) machines are widely used in
home electric devices, space aircrafts, military apparatus, wind generators and electrical
vehicles. Beside many advantages, protecting the PM pieces of the rotor from centrifugal
force is the major problem of PM machines. To overcome the problem, the stator PM
machines were proposed. Amongst the stator permanent magnet machines, flux switching
permanent magnet machines (FSPM) are interested due to rather high torque density and
high efficiency. On the other hand, the high cogging torque is the main drawback of
FSPM. The cogging torque has no effect on the average output torque but causes vibration
and acoustic noise, and reduces the speed control accuracy .Some cogging torque
reduction techniques are essentially based on machine core shape optimization .These
techniques improve the torque ripple but reduce the output torque.

Some typical techniques such as rotor and stator teeth notching, rotor segments
pairing, rotor curvature variations, inserting iron bridge in rotor, and rotor skewing may
reduce the torque ripple while affecting the average torque and back-EMF waveform of
SRFSPM motors. In this thesis, by full investigating of typical torque reduction
techniques, an inventive approach is proposed that shows more reduction of torque ripple

and no considerable changes in the other performance characteristics of SRFSPM motor

Index Terms— Segmented-Rotor Flux-Switching Permanent Magnet Motors,

Cogging Torque, Finite Element Method, Torque Ripple
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