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Abstract

The aim of this paper is to investigate the impact of second slot in stator tooth on performance of two
commonly used rotor gictures, namely Surfadgpe and Spokéype, for abrushless direct current
(BLDC) motor. The comparative resulegereported for different closing slot conditions. Afterwards

by inserting a direct current driven windingggrmanent magnet®Ms) into the stator tooth slots of

best performed model of previous stage, twbrid-brushless direct currefHBLDC) motors are
introduced and studied. The results demonstrated thatlekihg strategy has high impact on torque
fluctuations while the torque praded remain almost constant. For HBLDC, the auxiliary Electro
Magnetic field, placed in stator slot, developed torque performance of the nidtefmite element
method(FEM) is used in stages of study.
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Figure (1): Rotoschemes: (A) Spokg/pe, (B) Surfacéype
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Figure (6): Hybrid DGninding
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Figure (7): Hybridpermanentnagnets
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Figure (8): Averagéorquein spoketype
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Figure (11): Torqueipplein surfacetype
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Figure (13): Fluxdensitydistribution insurfacetrapezoid model
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Figure(14): Torquevariation \s. b variation in CSCW scheme

Torque Ripple (%)

0 I I |
1 2 3 4 s 6 7
Tooth Slot Width (mm)

cscwhaw e - v f v BHCE ALY weovEsfiv Bwl Y01 § v %»CCa £
Figure (15): Torqueipple variation vs b variation in CSCW scheme
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Figure(16): Torque variation vé variation in CSOW scheme
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Figure (17):Torqueripple variation vsb variation in CSOW scheme
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Figure(18): Torque variation vsh variation in OSCW scheme
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Figure (19):Torqueripple variation vsb variation in OSCW scheme
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Figure (20):Torque variation vsh variation in OSOW scheme
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Figure (21):Torqueripple variation vsb variation in OSOW scheme
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Figure (22): Fluxdensitydistribution in OSCW witth=5
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Figure (23): Fluxdensitydistribution in OSOW witth=7

°o¢%u{ daU<€wa

0! Ade WAza EZA° y ¢ CP Ny U 8BDd BLAEQRC® & a1¥Az{ B2z R i FOEE
L @ HazcWRACE YOA  Hsows o O/AXRE Av 6 ° dE wirlA v ApwwEousm
CEwy CHESCOWP Gl CH, 0 CU BW BOIW,S ow)aL WihadEaE ADseiso 0 Y w2
¢ HCICEWHEC Qwp a0 (0 °¢Cw 8 60 WiE ¥k ¥ wizj A yavCAy 11 8¢ wavvs
vt ] wBAEfwoAv %t a°E °C6AEf CACOwpau aveoecu Ai
cv CEwy ¢zwg CAROWICARr vy °OFEWw Yyl ¢QiIAQ Coy s s By /4o g \
Az A«Af wz- 881 € HvABMED j1Lt s va) GEA et Vaaw AyBCE aBr@A ¢ wz
Dt @AW CA BLwHA U LB i VA LAV CXKY 1 ¢ BVCEELWYE E Wl o6, L 0% 2L Yav
Shywl Ew- 00wWaWNRwv%vAii EVA%z °\aW BB AL dwz G CEWHU ¢/
CECOwp aQuij 8 pija Ad wk e ¥%10W 2% P2l MAckHh{ Gz cOwaé U
i 10 é W ALCEGHWz upCauCi Az- pAI VIV B ACAWREEA © - Yaw il WA
C”" OA y* BT AAVOAQAWD %2 CIERVE w BT vAZ Yy AGERMREIONE ACIWE
¢v ¥z @A YOaBzemp aBEA yVAwpu utdaY{CALNawy A4
-HE -8 BIWHA Ll ¢ ¢ %A ¢ P dMp 34t Vi EPAB{W@AE AAU/PE AGiw

YAYE At vty

Cphaj *(v-Al %CCa

vwE Cowo 1 eCé £ uUév adén, 0 063vHnI Y% AARAwWEz !
A«AE pwamEv Adv ACY YowoAdwhk QCHWEE CABASSAE HO A vy YAvia A
8,6 olkiIVAEAU Cpaj | w

mSpoky M Surface

F150
é 14.05
2 14.0 13.55 13.49
& 13.11
£ 130
12,11 12.1 12.09 12.1
11.0
Aluminium Copper Gold Silver

Aux. DC Winding Material
DC Ac¢%af wz O°QA O AGIUS Adyiwe vEF
Figure (24): Torque in spoke and surféyerid DC models
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Figure (26): Torque in spoke and surfayerid PM models
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Figure (27): Torque Ripple in spoke and surfagerid PM models
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Figure (28): Flux Density distribution in Spoke model with Ferrite
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Figure (29): Fluxdensity distribution irsurface model with Ferrite
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Figure (32): Current of optimized spoke type motor
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Figure (33): Current of optimized surface type motor
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Figure (31): BackEMF of optimized models

24



