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A Modulation Method to Decrease Commutation Torque Ripple of
Brushless DC Motors

WANG Shaopeng, ZHANG Antang, WANG Junli
(Air and Missile Defense College, Air force Engineering University, Xi’an 710051, China)

Abstract: Aimed at the problem that serious torque ripples exist in brushless DC motors (BLDCM), this
paper proposes a three-phase cooperative modulation to eliminate the commutation torque ripple. During
non-commutation, the paper proposes a direct torque control to eliminate torque ripple by adopting hyster-
esis comparison to follow-up control torque and flux linkage of BLDCM. The paper establishes a relation-
ship between motors torque and input power. The method based on one cycle control enables the system to
control input power accurately, even more control torque of BLDCM correctly. The simulated and experi-
mental results show that the method of torque ripple suppression of current and electromagnetic torque
waveform is smooth for a motor in speed changes compared with the traditional control method whose cur-
rent and electromagnetic torque can produce fluctuations. When the torque ripple suppression method is
used, the influence of motor speed changes on the influence of winding current is small. Motor electromag-
netic torque can relatively stably output. The validity and corrective of the theoretical analysis are verified.
Key words: brushless DC motor; torque ripple; one cycle control; three-phase cooperative modulation; di-

rect torque control

Y fE B H: 2016-10-27
EE&TB: HRARF-IES (61573374)
EEE N TOMA992—)  F I pg K JFEA A, EENFE ST 58 S E s 8. E-mail:13259463273@163. com

5| T, Ka®, Ay, —HWH TR Em Al #ERZ A # T %5[]] ZFEIRBAFZRCGHKFFHO, 2017, 18(3): 73-
78. WANG Shaopeng, ZHANG Antang., WANG Junli. A Modulation Method to Decrease Commutation Torque Ripple of Brushless DC Motor
[J]. Journal of Air Force Engineering University (Natural Science Edition), 2017, 18(3): 73-78.



74 25 TR LR BRE D

2017 4

JC il B i # L (Brushless DC Motor, BLDCM)
VB — B — R A7 28 7 i A 3R 45 T
B SERRRE (DR B R AR A TE L AR A A
FL R A5 U AR B T T M AL TR
T P 2 7 2 23 77 AR e A bk g n) @, 0 45 Sl
DX 5 Ik 0 R 4 A DX 27 6 K 3 5 X — T DA ke AR 2 T
AN R REMEZERER ., %08 £ 2 LA
BT AR B H A8 A 45 1 SR % 3 01 5 AL Ot 0 Ak H L
SEA BT AR ) 7 2% LA ) H AL 2 DK 3l R Ak 2
SEH IR,

PATE XS TChill B e WL FE Dk sh i R 2 S v 1
P10 1] 5 R B S Dk B = 52 b T XA B g K B i AN
BRM . A IR I 2 T L ALY 45 A DCRE 36 ik 3l #
T30 DX R K By o R T A o SEUARL L 3 ek ] 4
A6 T T UL E AL B g R X S B E R o . SR
it A A A 7 12 ST TR R 38 PR B Xk 0 Al R
RIRT A T BEAS g i i B 45 A, B B ] U I
il L 3 FELATL ) 2 R Dk B

1 JC i B ML A R ik 50 o A KA ol

1.1 FTRIER B ERKS) &S
P 1 Sy T i B e ML A5 80 O R AR A 1]
T, AT A5 TG kil LU L BIL A Ik B R R R
T, = (e, tei, tei) w (D
KT, WS o HEIEFMAEE, Dl ab
—ac WAL FE N B HE a0 AHSGEH SFHEXN.H I,
=—i,~ie,~=—e¢,=e,i, =0, LA (DT
T, = 2éi/w (2)
KBy S e FIZRLH LI @ 7 HE HLAE 47 o P2 g
PRAFRRE » DA 23y ok — 5 19 B A Dk 3

u® A

N FyFo) 5

BL G LA i R
Fig. 1 Equivalent circuit of BLDCM
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Fig. 2 Implementation of three-phase cooperative

modulation within one cycle
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Fig.4 Control of stator flux
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Fig.5 One cycle control torque ripple system of BLDCM
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