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Analysis of Cogging Torque in Permanent Magnet Brushless DC Motor
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Abstract

In this paper, the results of computer simulation by a simple mathematic model and experimental
method on the cogging torque of permanent magnet brushless DC motor are quantitatively analyzed.

These have shown that the results are well coincided with each other.

Therefore it is anticipated that those are useful to analyze the driving characteristies of brushless

DC motor in motor design.

. B B wiZo WMEsT Wkl BEE) Lo o3l
bl s 1 AWl o2 [T 1 @igvic} ek
K 4k4F BL DC motore HEifigtel 53 &

Qe AAHAE wigel A3 Al 7HA Z EQ3 WES Fole who] et o]l EeA

7] WBo| FAR #se, NCILEMMR, U8 25
E9} OA i3t Sol 23 wa

apEg o] EEMST Mg wRE EHig %
s X AR g2 wol AMEEI o
ol& RHolo] A== BEMEE W7ol FHE
Rol 2 H L Yk’ ?

rho B EE TAH HuR
N AEME R TR R

wzol vkl Q919 F7) ELAE mEETo BEE
T Aloleo] MEERC QsiMT HAET AME
wote sl o e 37 EQA R ik
of hEl ke MEMR B 93 Be dHE FH
A HRoo 19759 JA. WANGERe] ¢lsj BL
DC motor®] 27 E Qo) that il fEATiko) #

] g RS BRTAH ABR
ok RdiE R TR HLARE

(64)



KA1 BL DC Motore] 317 B9 =1 fiffh —65—

#EALP 19873 Nady Boulesy= 4 Eik
5 7t RAHE i BEEA 27 £
BHE XFE A 20 S tiste £
sh o)y

A wLolM e 27 E& é— rerek
45 2835t Tl A olg FAFEN 9
golds Pt & ’é‘fﬁ@ﬂrq H]
v},

ol
# 3t

kzl

N

.22 E@3 8EH
2.1. 32 EQ39| £ afiA

7 BEQ A STl T ik Alole
AR s s AfEkods st
T o] E9 e RRAlAM e oAt BT
Hile] medel 2HH oz wdo] gloy ol [
M ArE ] w2 ZepRe] AgE AA iR
Hslel] ofsf vtepd 4 Utk B =820 AHed n
o sk AkEf BL DC motor2A] @t wjridl
et B kamifol A widso] gli= &olu)

7 BEAs WA frEol el g A%
H A o] 2] Waleke Aabsle] dojzio,
D aw (1)

Te= 2 a2l

A A E se] Holl AFE YRS FA
g ¢ A AT frEC WE 3l ol F v
Astez EAE 4 Joia pgsict 29 1A
D= ElETFe RARoln, W 2 L& ztz} Zefid
AAE olix| 9} [T Aol EE YERITH

W= [dw 2)
gLl  BCD g (3)
2 o
dv=g-dL -d ! (4)
7149

AAkEhR NYE eMgol Ui mpRAIAM ] BORE
g el A& 21(5)9 2t

w . . .
B(!)=3 Bm(i) sin(ia l) (5)
i=1,3’5...

HMREES] ¥¥= a9 29 Z2ou PPy 4

)

b
o
N

2

8 1. #l2l0|E XA mdlo| )4
Fig. 1. Analysis model of ferrite magnet.

O3 2 ASUE Exay
Fig. 2. Flux density disrtribution curve.

(5)¢] Bm(i)s= o3 2t

4 inz0,—singi
Bm(z):; - Bm m (singB;—sinz6, ) (6)

F5ol A e A We pahd 2(7) 3} 2,

w=| j CK(3 (Bt (i) sin*(ia 1 )+3)
LIVYL =135 =135
J=it2, it
{2Bm(y) sin(ia ) sin(jal )}]dL d!

=Ck l[z:gm @ Lr{— —4171( sin(2ia

(Yo+% +bt))—sm(2z'a(Yo+% M)

+2Bm(i) Bm(/)L, {
i=135- f)

(sm((z—1)a(Yo+—— +bt))—sin(( —7)

a(Yo+92-5— N} — - {sin((i+7)

a(z+]
)



a(Yo+- 2 b)) — sin((i+7)a(Yo+ 52 N

o714, Ck=g(1+As+bt)"/ 24,

P =_L L
a=f5. Ll=—5 Lr L2=7Lc
Yo=¢/2
P
=g
D
='_2_ eom

Y1=Yo+22-s— + Ltand

o=+ +Ltang +ot
as: 2272l E(m) Oom: 717)7Hdeg) bt:
Aol Z(m)
14as/ bt BERo] EheT ol vl 7}3

& 1A A Frolth
wepbd 27 29 £A8 v

.
D oW
Te 2 al
D &, —1
—_— . B 2 [ I
2 CK[Z';L&;H @) 4ratan ¢

(sin(2iaY,)— sin(2iaY)] )

W - A Bk B3 P 1989F 3H

pd 1. 271X}A4 BL DC motore| X| ¥
Table 1. Dimension of BL DC motor

Symbol and Identifier Data

> 1 o
+l'21.§;r}(z) BmUN =7y atan g L5 j)aYs)
Ji2 itde

o e 1
—sin((¢—Jj)a Yx)]u_ (i+7)a-tan ¢

(sin((i+7)aYs) — sin((i-+7)aY) )] (8)

22 32 E@39| #5tx Do thst AlZ2l0jH

A ghcell AHg-3F BL DC motor €]
veht glos 2-18e4 dojn 27 EQ.A9
2(8)ol] E1ol VEbE AYES il 24 ER
2z Pl & Rl A EAE BEle ST
S7) QlE AS(4=0)24 M¥TFS HWMASR
15=8 1.875% Aoz ALtsluh
a9 38 kamsn BL DC motore] 27 EQ=

AFE 2 AN 98 daelEe 550

;

a2l 3.3 EL3 ALt
Fig. 3. Flowchart of calculating the cogging torque.

as ¢ Slot opening

B.
be

2.5X10 *|m]
0.4 [T}
7.31% 10-3m]

: Residual magnetic flux density
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g Air gap length 0.5x107*[m]
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Qs : Number of slots 24
@ART )
. R SN
{ ol i) 1
i B ERE R
- .
| o
‘ drabeAd
-y
[Z&o«l as
Al x] A
l P |
| T LA
sl owele | |
ol N A KU
L e ,,,J L { -
L —_ % >1'\;’ >

SEX

2 2. 3 =239 AL
Table. 2. Calculated values of cogging torque.
Position # of | Mechanical angle | Cogging torque
rotation (degree) in {[N—m]
i 0.0 —2.200E—3
2 1.875 —3.245E—¢
3 3.75 — 4,280 E—2
4 5.625 —2.784 E—2
B} 7.5 —3.289 E—3
6 9.375 3.252E~2
n 11.25 4,281 E—-2
8 13.125 2.866 E—2
9 15 ~4.675E—3
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