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Study on the commutation error correction system of
position sensorless brushless DC motor

Zhu Junjie, Huang Haiyan

(College of Compuiter and Information Engineering, Center South University of Forestry and Technology, Changsha 410004, China)

Abstract : To deal with commutation error in conventional position-sensorless control technology of the brushless DC motor, a closed-loop
correction method based on rotor angle observer is proposed. By the systematic analysis of the commutation error mechanism, a rotor
angle observer model is formulated to achieve the rotor position in real time. The total commutation error of the motor could be normalized
to the phase difference between the back EMF and the phase current for correction. Compared with the traditional position-sensorless
control technology, the proposed method can accurately correct the commutation error in a wide range of motor speed and have the
advantage of higher robustness. Extensive simulation and experiment results show that the proposed commutation error correction strategy
can obtain accurate commutation points and significantly reduce the torque ripple. Especially, during the commutation period, the phase
current ripple after correction is decreased from 42% to about 18% .

Keywords : brushless direct current motor; position sensor less; rotor angle observation; error rectification
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Fig. 1 The equivalent circuit of the BLDC motor
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current waveform

Hor, u,, A E A ju, HHPLE 7SR
kiR, BRE (D) M2), /IS HTE 2n/3~m
S XN, A

upe =uyc =B(iy, —ip) +ILp(iy i) + (e; —e;)

(3)
AH:p AWOPFE T T B COAHHL R /NHAEJ7 1) A1
S, PHER A OC T B AL R IA AN
U, T ey +eg

Ri, + Lpi, :f (4)

X2 (4) P E AT S8 R A8 46, BOAH HL U FT A
il

u, —ep te,

[B(‘)=723(R+3L) (2m/3 ~ ) (5)

1 H LR BRARL R 1 T e A B R AR 5 i, LA
AHIS wr = A, LA BC FHHAHE] BA A, B) C AHF
PR A2 A A BBV ey

ey =—e, == e, (6)

AR T3 AT, AR B — 4 AR I 2], 38 A H 3t BB T
AR RS S48 2 HARE, [R5 W AR L At BR 28 Sy 0 (348
ARET) o FHEPREFIE 24 B AL BB SRl 5 BARI | R
LA LR AR AT O

1) M A

TR 3 Flr7s Shy e T4 AR T B AH H O A S L e
B AR 22 A0 N o, [/ 3 H ke 28 BB I A o7 B, S
MR AT £, H TR AR AR (Y A7 A A I5F [E] K A
SRAETE wt=m A, TTRAETTZ ot =m—a, HWEHSH
BRNKZRN

eg=—e. >—e(m—a ~ ) (7)

[t DAL 3 AT LA M p T4 A0 H 3t 09 Bk 3 i 7 2R
) P AU 2 {85 R B [ P, 30 W T — A i 10
F LRI (R, LA B AH LI R 461

u,c —ep, teg

l, =——— - ~
B 25(R + L) (m-a~m >

u,c —ep teg

25(R + L) (m—4m/3 —a) (8)

[Fi) B 7 FL At 48 A R AL U (L 2 O 2k TR AR Y
Gl op

Uy, —eg tec 2w 2
[B(.g:i*_a"'*
2s(R +sL) \ 3 3
udn_er:+ec(21T )
R L 9
2w(R+st)y \3 ~ "¢ (9)
A e,
S IN D1 :/Fi
A Ii | ] | | | "
T
LS
1 | B | |
sl —>A’:|\ L,
e
| 1 ] I
A R e
C i i : | : )
asZBEE
o w anhs s o D

2n/3

&3 R A A S S e
Fig.3 Phase current and back EMF waveform

when commutating in advance
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