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Commutation Time Control for Torque Ripple Reduction of BLDC Motors
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(Tae-Seok Oh - Nam-Euk Her - II-Hwan Kim)

Abstract — This paper presents a new method on reducing commutation torque ripples generated in brushless dc motor
drives. In such drives the current ripples are generated by motor inductance in stator windings and the back EMF. The
ripples suppression techniques that are practically effective in high speed as well as in low speed regions are rarely
found. The proposed method here is based on a strategy that the commutation intervals of the incoming ang the
outgoing phases can be equalized by a proper PWM control. The controller is implemented by a 16-bit microprocessor
and effectiveness of the proposed control method is verified through experiments.
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Fig. 1 current ripple in commutation period

42 Fu oy
¢ o o o

to o2 L oX

22 Aol MFTE p2o F BaUY

221 FUZ2} PWM 2AoiAl A% ONA2) M&F
292t fUEE PWMAM £9x ONAY AF 3%
S yehdo. ojde] 42 FHET H(1), 429} 2o

=

=

a2 ME JMaetRZiolMe] ®F (AX ON)
Fig. 2 current in commutation period at low speed(PWM On)

Vs

di
< =Ri,+L—"L+e,+V,
2 a dt NNO

~V, di,
<= Ri, +Li+e,, +Vywo

. di
— S =Ri +L " +e, +V, 1)
c dt c NNO
y -V, e tete
NNO — 6 3 (2)
d714, V. & A{F FEFIY, RS A¥Y L ¢
A9ElA o = 971AY, i & AHF, Ve © EH

o] 44 Akelh,
222 FUE PWM SalolM A9ixl OFFAlSl B &

a93e AZFRANA - FUEZ PWMIAAN £9X OFF

Aol AF 5L vehach olde) £4¢ TaRd 4(),
A@s 2o

-V, di
—L=Ri,+ L2 +e,+V,
2 at NNO

Ve _pi oL 4
=Riy+L—2+e, +V,
b ar GtV awo
-V, di
L=Ri.+L—S+e_+V, (3)
2 c d[ c NNO
-V, e, te, +e,
Vinvo = e b e

2 3 )

A

[Ny

ol

O 3 X% HEprzoMel MR (A9xl OFF)
Fig. 3 current in commutation period at low speed(PWM Off)

223 MEgddolA MRuz 2A

228t A EZFE A7 A vlAEA] H A
V)& PWM A8 &(d5)2 2dsta 4(5)9 2th

3 3 (5)

WETZhol ) PWMS) Alv| &8 vehd
A¥de Al YAsten A
©)5 2ol EAY F Ak

=€ 6

B3k pel A vlAade] HE AL(Vm)E PWM A
(N3 2

2 ¢ @)

4714, de A% BRBTRN PWMS A8 &L e
deh, F WEE Zolyl dAME wABge BFE 9
et fAsok S AFRE YAaA a7 Al
gl WYL AEAS w]AHAS] Qopo} 7] WE] A
#As PWM A& AG)% AM2HE A@F 2ol
e,

3 e
dy=2d +5
»=2%TY, ®

2 R dae BE AG(Vm)2 A% 2t

Yy e

V
3 3 3 (9



Hetd AE FRAN FARE FAe] AGHE 4
10z 2.
di, ~V,d,+e

Rib +Lz— 3 -e (10)

102 R HAEFT AH)E TFIE 4ADF 2
123

P Ll V.d, +2e
77 R | 3Ri, +V,d, +2e

A7NA, i YR
dst 2e WHoz FHEE oMY AYPRNE T

S 4029 2ok

10

d
N1D2REH ASREA ABTH AL )E T
4133 et

L [2V,d,~2e-3Ri,
t =——nh
TR W.d, - 2e

208 ONAZE W AFEES BT 23 FAE
o] WP Azro] ZolE zAL H(14)% 2T

V. —3Ri
e:S—_p_
4 (14

A0 A =7k F7bsted de+3Ri, 7V, BY
AxA HA A9 21L& UFE U QA B v
A m&dAE e wel w4el Basch

23 DAYl HERY T HE B Wy

D&M AFAE T2 AFE 2319 D 2o) 9
ARde) Ggos FHRE o] AR 7e7E 45
ve 4o AFAS 71e7Ind o Fc G 414)
AN & & AFo) AFHYE AR F PWMS FEIE 1
2 s A A ANF B SelE nEMNE A

(198 =g 5+ A o

23.1 FUE2E PWM E4ollA 291X ONAlS} ®

Id4e S APFAM FUES PWM "‘H?ﬂ ON
Alel A 2EE yvehdth ojde F4& FIHEE 4
(15), 4(16)3% #th.

ol
1l

ol

(PWM ON)
Fig. 4 current in commutation period at high speed(PWM On)

a8 4 25 MEgp2ioMe 8F

HMaAIZH Hof

%

BaAl2lA AEMEY|e EIYUE MNLUS ¢

Trans. KIEE. Vol. 55D, No. 8, AUG, 2006

v, . di
*2:*=Rla+LE+€a+VNNo
V. . dj,
—2‘-=Rz,,+Ld—;’+e,,+VNNO
_ZVJ =Ri¢+L%+ec+VMVO (15)
v _1/5__e‘,+eb+ec
WO~ e 3 (16)
232 & {FUE2F PWM A3 OFF#2E 4
aUsE 3E AFFRAA SUZEe PWM OFFAS A
5 58¢ UEd oW £4& THuY 217, 418)
7} 2o
L=
y e N

a2 5 s MatpziolMel MR (PWM OFF)
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