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(Study on Cogging Torque Reduction for Small Wind Turbine AFPM Generator
of Double Stator Structure)
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Abstract

The cogging torque is important to the cut—in wind speed. And, it causes the acoustic noise and the
vibration on the machine. This paper presents a 3D FEA(Finite Element Analysis) to evaluate the
effect of magnet skew and stator displacement on cogging torque reduction, for double core
AFPM(Axial Flux Permanent Magnet) generator. As a result, the magnet skew and the stator side
displacement are proved excellent techniques to reduce the cogging torque.
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Table 1. Specification of wind generator

AFPMSG
Pole number 20
Number of stators 2
Number of phases
Number of slots 30
Number of turns 16
Outer diameter[mm] 220
Inner diameter[mm] 122
Axial length[mm] 30
Air-gap length[mm)] 1
Core steel grade S18
Magnet grade NdFeB
Remanent flux density [T] 1.2
Coil diameter [mm] 1.02
Connection Y
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Table 2. Maximum cogging torque comparison
according to skew angle

Skew angle 0] | 207 | 47 | 6]

Cogging torque [Nm] | 5.35 | 431 | 227 | 094 | 092 | 1.0 | 107
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Table 3. Maximum cogging torque accordlng to
stator displacement angle
Stator displacement angle| O[°] | 2[°] | 3[°] | 4[°] | 6[°]
Cogging torque [Nm] |5.35 (253195282561
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Table 4. Maximum cogging torque according to
stator displacement and magnet skew

angle

o splacement) ooy | oreq | 301 | ar°] | 607
0r°l 535|253 1195 | 282 | 561
2[°] 431 | 160 | 1.08 | 1.93 | 4.26
4[°] 227 1114 1 062 | 151 | 2.20
6[°] 094 | 059 | 064 | 0.89 | 1.09
6.5(°] 092 | 046 | 0.37 | 054 | 1.10
71°] 1.0 | 063 | 052 | 0.85 | 0.82
8[°] 1.07 1 0.65 | 05 | 067 | 1.08

it
i
2L
o
=2
iy
o
e
-

2% 9 AFIEE AR 1K WATES B4
o A8 el A ma B
Wiek. B2 TR A5t 2
A2 3% AANAE B9 7 e Aol 7
0377INmIE LRI om, K 4= 314 917 W7
3 ~7E AEdE A8d oA AR e
e,

~
1N
[Hl

e

oAM= x27] 7)Eel o = 1=4
A 913 WA R A GTA 25
ol 7RI ©1%

A2

l
Off
R)E
=

N
0olo o o ¢

>
=
op

ol
&
o2

ofr
20
~N
do

ol
0
s
w

fo 1y
o

g
ko
[

2

32

7|Ee A ALz YA A7 7S A
71 2o 15 A% 72 0.92[Nml9] 3k
AN THEAL] FHAE o|HWARE o
_g] 37]7]501] ogﬁo]:_o_ u]il 2= 0l A

a2 Y =

Lo

e
N,

B 1o 30 b oo to = glo ot
(E &
o

o N & Ay
e
o
a
ofo
ol
o 2
o0
.
i)
_ﬂ
of
-U
Y
1
[>
i

do
o o
N
N
O
R
r’l
A
_O‘L
£
N
N
X
o
K
o,
il
H
Ij\]
b

%0] 1/3 JESl 037INmle] e Ag +
Z Ao vl A& Lo Z7F 2 A%}
o] HgFo] nr} 4/ TAEAS 7

52
w
~

5 59 FA0U 599 25K
;q]x]—__

[=]
O| =2 2011 ﬁ?(ﬂ%ﬂﬁ—!?l%%gl ez
s

(NO.ZO 0005694)
=2 01?-— mE=s I-;Fjl O-”A‘I AloHo|—

Lm o
54>
ogt
i
3Q |
0jo

EHXISMAIRY, 7|% - R&D THH| 7(|—rJA|-04

References

(1) A, N. Celik, “Energy Output Estimation for Small scale

Journal of KHIEE, Vol.26, No.2 February 2012



(2]

K]

Rt

(5]

(6]

pr s

azs

Wind Power Generators Using Weibull Representative
Wind Data, “Journal of wind Engineering and Industrial
Aerodynamics, vol. 91, pp. 693-707, 2003.

Gieras ). F, Wang R. ), M. J. Kamper, “Axial Flux
Permanent Magnet Brushless Machines” Kluwer Academic
Publishers, pp. 37-41 2004.

Delvis Anibal Gonzélez, Juan Antonio Tapia, and Alvaro
Letelier Bettancourt, “Design  Consideration to Reduce
Cogging Torque in Axial Flux Permanent Magnet
Machine”, IEEE TRANSACTIONS ON MAGNETICS, VOL.
43, NO. 8, AUGUST 2007.

Aydin. M, Zhu. Z. Q, Lipo. T. A, Howe. D, “Minimization
of Cogging Torque in Axial Flux Permanent Magnet
Machines Design  Concepts”, IEEE  Transactions on
Magrnetics, vol. PS-43, no. 9. pp. 3614-3622, Sept 2007.
Delvis Anibal Gonzélez, Juan Antonio Tapia, and Alvaro
Letelier Bettancourt, “Design Consideration to Reduce
Cogging Torque in Axial Flux Permanent Magnet
Machine”, IEEE TRANSACTIONS ON MAGNETICS, VOL.
43, NO. 8 AUGUST 2007.

Nin—Fu Hsieh, D. G. Dorrell, Yu—Han Yeh, Samsul Ekram
“Cogging Torque Reduction in Axial Flux Machines for
Small Wind Tumines”, Industrial Electronics, 2009. I[ECON
09. 35th Annual Conference of IEEE.

- A7)0 83 =) A267 A2E, 20129 29

O MK N

TEH < (32 18)
1970 59 1694, 1993 -2t b
A71Es &4, 199%d ko gtal 7]

E-mail : tujung@kyungnam.ac.kr

IS = (==

19859 12€ 16948, 2010 A dighu
Arlgstat & @A F oot A
Fokah M AL,

Tel : (055)249-2628

E-mail : gompoohl216@nate.com



