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A Study on the Cogging Torque Reduction in a Novel Axial Flux Permanent
Magnet BLDC Motor
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Abstract - Cogging torque, the primary ripple component in the torque generated by permanent magnet (PM) motors,
is due to the slotting on the stator or rotor. This article shows the reduction of cogging torque in a novel axial flux
permanent magnet (AFPM) motor through the various design schemes. 3D finite element method is used for the exact
magnetic field analysis. The effects of slot shapes and skewing of slot on the cogging torque and the average torque

have been investigated in detail.
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Fig. 1 The structure of AFPM motor (a)Cross section
view (b)The basic structure of AFPM motor
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Table 1 The specification of AFPM motor

Stator
Slot number 18
Phase 3
Phase resistance, {2 0.735
Turns per phase, turns 95
Inner radius, mm 151
Outer radius, mm 262
Airgap length, mm 2
Rotor
Pole number 16
Inner radius, mm 124
Outer radius, mm 268
Axial length of PM, mm 125
Remanent of PM, T 12
PM Nd-Fe-B
Coercivity, kA/m 970
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Fig. 5 Comparisons of cogging torque between rectangular
and trapezoidal teeth

! [#-Caso 2 <-Case 3 ~Caso s ~Case’s|

Cogging Torque [Nm]

-8

360
Electric Angle [deg]

8 6 A7 24T distefl w2 32 E3 EA vl
Fig. 6 Comparisons of cogging torque according to the
variation of the skew angle

a3 62 TAX A AF Az BE 7Y EA 54 v
2g debddh o] AFRRRY 27 =7t Frhge] we
27 A7 AZEuds AL 4 § Aok Case 3, Case 4,



Trans. KIEE. Vol. 55B, No.9, SEP, 2006

Case 59 =7 Ed: 277 @l Case 2% Wulstel 24 TFA Ao) Agshe A4y R 44y $o2 wAYPe
2} 409%, 466%, 492%7t AZHE & & Uk els o] 2 oYY & & glounz oAy BAE ¥As A4 9
2R7Ee Zool we 24 East wdAeR FrksA ¥ 23S olse) FRAoR AR AE Ul 1A
Fe AHe AR 2AFE ol goME Afe LI} B ¥ Bast Aok

St Aoz BUHY, ok AR A FVIE AYR A
Ao 29 FRBRHC] AR 277 o gelA A Wt
97 e Aoz AmDrh

Ry

o: analyzed - : measured

-2 A

o

>-}‘..tﬁ§.)

e QA A P4 Wzl WE B F54& v
19, ¥ 2& A4 A W] e & EA9 Ea
Bz, 37 EA Az #F BPer B q,
Case 57} 713 v& Anz dddd 2y 239 B3

ZS AAdeos nyd € ), Case 59 BAS EA IF
o] 4.06%ZH Case 4 BTk F7}3tol u}a]— 27 B39 7
A WA B3 234 v)dEA] $E 29

uH e |y
o

R

Cogging Torque [Nm}

8 L L L 1 L
0 120 240 360 480 600 720

Electric Angle [deg]

W 8 ZZUEA EA vl Case 2 si4 x| ¥ MY
Fig. 8 Comparisons of the cogging torque characteristics:
simulated and experimental result for case 2

Total torque [Nm]

o 80 720 1080
Electrical angle {deg]

ol 7 & @Ay fxlof w2 ER E3 4 dHl
Fig. 7 Comparisons of average torque characteristics
according to the change of the teeth shape

k3 2 DA x| @A HElo| W2 & E3 Y B3 2|E
Table 2 Average torque and torque ripple according to the

teeth shape variation (@) ME7| M #HA
Average torque Peak cogging  Torque ripple
[Nm] torque [Nm] [96]
Case 2 79.92 6.03 1.95
Case 3 80.01 3.57 2.49
Case 4 80.11 3.22 1.86
Case 5 79.91 3.09 4.05
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