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Commutation error correction of position sensorless brushless DC
motor based on SEPIC converter

Gong Wenqian, Zhu Junjie, Zheng Zhian, Jiang Feng, He Mingfang

(College of Computer and Information Engineering, Central South University of Foresiry and Technology, Changsha 410004, China)

Abstract : The filter hardware structure design of traditional back EMF method will lead to the commutation error of the position sensorless
brushless DC motor. When the commutation error is large, the performance index of the system will be greatly reduced. Aiming at the
problems of system commutation torque ripple and out-of-step caused by commutation error, the relationship between the ideal back-EMF
zero-crossing point and the actual back-EMF zero-crossing point is analyzed; on the base of adding a single-ended primary inductor
converter ( SEPIC) pre-driver circuit, this paper adopts PWM-ON-PWM modulation method, which detects and compares the voltage
value of the non-conducting phase (i.e., the suspended phase) and the calibrated voltage value, then a commutation signal is obtained
and the commutation error correction is realized. Compared with the traditional back-EMF method, the proposed method needs only to
detect one phase voltage, then the commutation error is accurately corrected and the torque ripple of the system is reduced at the same
time. Simulation and experiment results verify the effectiveness of the proposed commutation error correction strategy in full speed range.
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Fig.1 The driving circuit topology of BLDC motor

based on SEPIC converter
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Fig.3 Ideal back EMF and current waveforms
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Fig.5 The low pass filter detection circuit
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Table 1 Phase commutation conditions of BLDC motor
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6 ey =-E, C+,B- T5,T6

3 HESXR

3.1 FE&R

RYE_ LIRS T SEPIC AR g8 Jo v B AL 148 Johil B
TR ML A AH R 25 RCIE B I OOR B% B9 A bk, 7R
MATLAB2016/SIMULINK 335 #5487 RGN ETE S .

H LR FH 7K B ) 25 LML B F 34 R A T D AR e A %
Hop=4, HEBREN36V,EFHBIN 4765 Q,EF
HLECR 8.5 mH, &g 73k 3 000 v/ min , F 51 J=
8x107° kg-m®, &l 8 Ji7n JFE3EH 3 000 r/min B, I A
M TF SR T Y —AH FL U 0 LR /9 i AR IE I 1Y
HLU O BRI, Ho, @ AR IERTAR BRI IE " AR IE
JEAHIRIEIE . I 8~ 9 v o [ B AR iR 5B 4 7] LR
WA T SEPIC /i 2% 3K 3h i 4% L) I >R Ff PWM-ON-
PWM 3 5 35 , e AH 99 18] A9 AH Fe i Dk 245 21 1 A 880
i, HIC - BAS SR R, i Ls i T i r e .

<

0.115 012 0125 0.13 0.135 0.14
t/s
(a) AMIHR IR BE T

(a) A phase current waveform

0.115 0.12 0.125 0.13 0.135 0.14
ils
(b) B LT BTE

(b) B phase current waveform

WA VAN AW

0.115 0.12 0.125 0.13 0.135 0.14
t/s
() CAHHB BB TE
(c) C phase current waveform

K8 MR — A AL SIE

Fig.8 Three-phase current waveforms before correction

: W‘\A
*

0.115 012 0.125 0.13 0.135 0.14
t/s

(a) A HIREB B

(a) A phase current waveform

i, *IA

0.175 0.12 0.125 013 0135 0.14
t/s
(b) BAH B B

(b) B phase current waveform

i */A

0.115 0.2 0125 0.13 0.135 0.14
t/s

(c) CHEMLHLBTE
(c) C phase current waveform
B9 BIEJG =AHALIR TR

Fig.9 Three-phase current waveforms after correction

K 10~ 12 A 7n 43 5 7E 5001 500.3 000 r/min %5
ARV R T4 B H 345 4 1 I B S0 ELBOE X 1
ey, NALIERTRHIBPIE e, " ARIEIR RSP, 15
FLA5 W] SR HTAR SCIR 158 22 B T J5 9k A] LA i v 445
PR Y P R AR, AT 98 388 5 7 A 1) 45 AH 122 2275 31
KIE

40

20

> 0
R
-40

0.02 0.04 0.06 0.08
t/s

(a) BEIE R % L H BT

(a) Back-EMF waveform before correction

(b) KIEJ5 R BB TE

(b) Back-EMF waveform after correction

K110 500 r/min JZ #3505 ELE
Fig.10  Back-EMF simulation waveforms at 500 r/min

3.2 LEWER

N T A RUEA ST A 75 VR A R SR TL
A DSP O i TMS320F2812 4 g A FGR5 48 T
BLDCM S280-F- 5 af&] 13 fizs . LS EUNR 2 fs .



114 S/ L R ¥

F40E

0.02 0.04 0.06 0.08
t/s

(a) BRIE R % L HPTE

(a) Back-EMF waveform before correction

eJV

(b) BRIEJ& R S4BT

(b) Back-EMF waveform after correction

& 11 1500 r/min fZ B35 B TR
Fig.11 Back-EMF simulation waveforms at 1 500 r/min

%2 BLDC EBHlB#
Table 2 Parameters of the BLDC motor

200
100 D
>
> O
-100 1
-200 \
0.02 0.04 0.06 0.08
/s
(a) REIERT X B BITE
(a) Back-EMF waveform before correction
200 I
100
> 0
m
¥.100 :
2200 |
0.02 0.04 0.06 0.08
t/s
(b) REIE G R R B T¥

(b) Back-EMF waveform after correction

& 12 3 000 r/min 7 B35 BIRTE
Fig.12 Back-EMF simulation waveforms at 3 000 r/min

13 okl LR AL 6
Fig.13  Experiment platform of BLDC motor

e ZHUH
WUEDIR/W 76
BUE /- min™! 3 000
BUEHIAE/N-m 0.32
M x4k 4
AHHL R/ Q) 0. 875
BUERE/V 36
AH LR/ mH 0.25
RABNHFE/ V- (rad/s) ™! 0.04
BUE R/ A 2.5

AR5 £ 2 h SEPIC % R UR IE D LG L —AH
IS R RS RGN P B S T B R B A HRLATL
I By, R O, oAl 5577 A AR SCR AT =
B R shik. e B P AISR4LE L, il e 5 (A
B E L AT B E B AR S S I, P4 AR S
B ) O EAR AP SRS o S RN T 3 2R A F 5 17
B BEMA Y 0.1 N-m, [& 14 Jr 7R 76 5 € § 8
3000 r/min I f) B AHHLRITE , iy KL IE S0 i (Y
BAHHIRBIE , iy WEOEISBRGRBOE , K 14 ol LIA
Il SRR =0 = LSR8 2 S ) | ANl 7 3 D =R
BILRK S5 T W 2RI

8
LT AV R SR
| | ”\M | '
- HMJ " r | rmf W\ rMJ W\ %M
2 i Wil oy gl
0 5 0 15 2'0/ 25 30 35 40 45
t/ms
(a) B IERITBAR B BB T

(a) B phase current waveform before correction

f“‘

T M le sl
< 4y H r \T IM LJJ H ”
of o, Wt ‘

0 510 15 20 25 30 35 40 45
t/ms
(b) B IE J5 BAH B LS

(b) B phase current waveform after correction

14 B AR SCEHIE

Fig.14 B phase current experiment waveforms

P15~ 17 Jr 7 3 531 O A B € B 2l 500, 1500,
3000 r/min [HBL N, B LV R 5 8 R AL TR A



55 1]

B CAE 45 BT SEPIC B4 (19 TC Ao BA IR TO i) B I HR LIS AH IR 22 A 1E 115

) Fe kP B R SRR XS L LR, e, o B R HL B
W, Hy NEGT( EALIEAR B BR 508 . hE 15~17
AL, B R B S AR L AR SRR AT A S B B R
Lo AEASCHE I A T, RALAE ARG | Fod A e 6 i
HIREBHERA B 40 IR A AL B AR 5 o U B I A7 A2 20
TR, 52 RUHLIA E 223 R IS IZ DR 2 AE T 4%
REEEVLRIN . I, SR g5 R Bk — Ik 7 A SOk 1)
AR

80

60

B

L,
S en e e
A GV A W W

e/V

40

20

0 .
0 25 50 75 100 125 150 175 200
t/ms

(a) RHBFHBTE
(a) Back-EMF waveform

H

B

hall

-

0 25 50 75 100 125 150 175 200
t/ms
(b) BERIE5 B

(b) Hall signal waveform

& 15 500 r/min S TR

Fig.15 Experiment waveforms at 500 r/min

200

150 s

% / ) L™,
100 '\\W‘uf W‘W’ﬁ\ﬁ“‘gm‘f ""\&. Ve
50

0 10 20 30 40 50 6IO 70 80 90
t/ms

(a) REH B
(a) Back-EMF waveform

H

"N

hall
]

0 10 20 30 40 50 60 70 80 90
t/ms

(b) BRI SEIE
(b) Hall signal waveform

K 16 1500 r/min SZE6I%TE

Fig.16  Experiment waveforms at 1 500 r/min

400
300 /CB
% 200 La e Ir,l"’"-.""».\ r.""'u‘\l‘ ‘rj""'\l'"f.‘
A \.‘, A '.r_.-.__,.‘f et A
100

15 20 25 30 35 40 45
t/ms
(a) REBHFE
(a) Back-EMF waveform

<
s
—
<

H

N

hall

0 5 10 15 20 257 30 35 40 45
t/ms
(b) BRIG ST
(b) Hall signal waveform

K 17 3 000 t/min L5675

Fig.17 Experiment waveforms at 3 000 r/min

4 £ ®

A YRR T SEPIC A2 4025 (14 TG A7 % %At TC il
LI AL A 158 22 A TE SR, 7 PWM-ON-PWM i ] 7
N A A BEAR Sz Hg i 2 5 92 B B v 35 % A
) Xof I O 2%, L A 0 — A i o P, 45 BAE iy b P TS
HEAT L, il 3k DSP R AT F0 A I, AR YR 7T LAA5- 3] 6 A4~
HERA Y BARTE 5, S X IR Z AL B (Y, %07 iR
HL R 7 50, B T, ] DLV B AL e i v 3 v DR B IR
7 S AR AR i ol R 1) 7 A I A v Afy ) ) 2L, L
AR T MU AR K S . O B S SE g a5 R UE 1%y
T RETEA [ 3 J32 BeAT AR AR TR R 22
S 3L Hk
1] RRAS, X0k SR, ¥ U, S5, JC il Bt H #IL ol o Y
SEPIC HLggBIF5E [ J]. AL &N ER"# 4k, 2017,38(11):
2866-2873.
ZHU J J,LIU H R,JTIANG F,et al. Research on modified
SEPIC circuit of brushless DC motor[ J |. Chinese Journal
of Scientific Instrument, 2007,38( 11) :2866-2873.
[2] KIM T, LEE H W, EHSANI M. Position sensorless
brushless DC motor/generator drives; Review and future
trends [ J ]. IET Electric Power Applications, 2007,
1(4) :557-564.
[3] PAULP A, JOHN F W. Review of position-sensorless
operation of brushless permanent-magnet machines [ J ].

IEEE Transactions on Industrial Electronics, 2006,



116 8 A x E M 4085
53(2) :352-362. 2014,29(9) : 119-128.
[4] ZEANRREDE,FIC. S s3I TC ) B L L CUI CH J,LIU G,ZHENG SH Q. Commutation strategy

(5]

(6]

(7]

[8]

(9]

[10]

W E L] AL SRS =R, 2010,14(2)
96-100.

LI Z CH, CHEN SH M, QIN Y. Novel rotor position
detection method of line back EMF for BLDCM [ J .
Electric Machine and Control, 2010,14(2) :96-100.
TR, BUHERT, &%, 55 — Bl # A9 J0 I 203 H BL
PrERW T[T BT HE AR =4, 2013,28(2):
139-144.

WANG D F,ZHU Y Q,JIN Y, et al. A novel research on
brushless DC  motors [ J .

detecting position  of

Transactions of China Electrotrchnical Society, 2013,
28(2) .139-144.

TR, AT, BRSO B I TE ) B LR T
S BINE L ] R i (A SRR L 2006,
46(4) :453-456.

ZHANG L, XIAO W, QU W L. Direct rotor position
detection method for sensorless brushless DC motors[ J].
Journal of Tsinghua University ( Natural Science Edition) ,
2006,46(4) :453-456.

RARIN, SEMg WA, 5. JC B H AL v i 246
M L] AR =R, 2013,34(2) 1441-447.
ZHU J J,SU M, CHENG CH, et al. Novel BEMF zero-
crossing detecting method for brushless DC motor [ ] ].
Chinese Journal of Scientific Instrument, 2013,34(2):
441-447.

ek, BT R TR B s A JE ) LR
BUTE oz AL g #2410 [T ] W T4 R 2740, 2010,
25(7) :38-44.

LI ZH Q,XIA CH L, CHEN W. A position sensorless
control strategy for bldem based on line back-EMF[ J].
Transactions of China Electrotrchnical Society, 2010,
25(7) :38-44.

FUE KR RAR XILLAS, 2. BT AR S i 34 LT Y
TOH R AIL A5 A ARG D0 SR W B W 5 [0 ). CRR L,
2016,44(10) . 74-81.

LV T F,CHI CH CH,LIU H S, et al. Research on the
reversing point capture method of position sensorless
control system of BLDCM[ J]. Small & Special Electrial
Machines, 2016,44( 10) .74-81.

FEEUE, XM, KR g, 2k S F S A vy S B I
il L PR AL TG A AR R [T ] R TR

[11]

[12]

[13]

[14]

[15]

[16]

[17]

of high-speed maglev brushless DC motors based on the
line-to-line back-EMF without position sensor [ J ].
Transactions of China Electrotrchnical Society, 2014,
29(9) . 119-128.

XU, 48 B ER IRk, 5. v S8 7 JC Y UL A AL
TeAr B4R 12 22 A B A IE Mg [T ], v D HOR 2240,
2014,29(9) :100-109.

LIU G,CUI CH J,HAN B CH, et al. Closed loop control
strategy to correct the commutation error of high-speed
magetically suspended brushless DC  motors without
position sensor[ J]. Transactions of China Electrotrchnical
Society, 2014,29(9) . 100-109.

GANG L, CHENJUN C, KUN W, et al. Sensorless
control for high-speed brushless dc motor based on the
line-to-line back EMF[ J]. IEEE Transactions on Power
Electronics, 2016, 31(7) :4669-4683.

UL, i AU A — PP R T LML AP P Y
TC B L TC AL B AR BR 25 A IR IE i [ T].
TH AR, 2017,32(1) :175-182.

LI H, JIN H, LI H T, et al. Closed loop control
commutation strategy of brushless DC motors without
position sensor based on virtual neutral point [ J].
Transactions of China Electrotrchnical Society, 2017,
32(1).175-182.

SN JAIE R BT s L RO BRI T AL A
JeR B LA B S A IE [T ], B TR 2,
2009, 24(4) :54-59.

WU X J,ZHOU B, SONG F. A new control method to
correct position phase for sensorless brushless DC
motor[ J]. Transactions of China Electrotrchnical Society,
2009, 24(4) :54-59.

LI H T,NING X, LI W Z. Implementation of a MFAC
based position sensorless drive for high speed BLDC
motors with nonideal back EMF[ J]. ISA Transactions,
2017(67) ;348-355.

WENZHUO L, JIANCHENG F, HAITAO L, et al
Position sensorless control without phase shifter for high-
speed BLDC motors with low inductance and nonideal
back EMF[ J]. IEEE Transactions on Power Electronics,
2016,31(2) :1354-1366.

FRIEIE W PRI, BAET. £ T BUCK ZZ 348 (Y JC ki B
TR MU AR Dk sh M dil 773k [T]. i THOR 4. 2005,



%5 ZBAE 45 BT SEPIC AR 2% 1) Jo N7 B A2 R as Tl B IR B WL AR 22 45 1F 117
20(9) ;72-76. 1EE=IY

(18]

[19]

(20]

ZHANG X F,HU Q B,LV ZH Y. Torque ripple reduction
in brushless DC motor drives using a buck converter[ J].
Transactions of China Electrotrchnical Society, 2005,
20(9) :72-76.

ZEI ) MEAERE. 3EF Buck ZE 3028 09 JC I B HRHLES
FENkshmmIL)]. MoB AL, 2018, 51(1): 54-58,64.

LI A, MEI J S. Torque ripple suppression of brushless
DC motor based on Buck converter [ J ]. Micromotors.
2018, 51(1): 54-58,64.

TRV 7K R TC I T AL e AR bk sl 1 ) A g F
FELD]. K REAR, 2009.

GUO Y T. Study on torque ripple suppression technique
of permanent magnet brushless DC motor[ D ]. Tianjin;
Tianjin University, 2009

P, A SRR, — BT I R O B LR
FEAHLER Y PWM G 70T ] A E AL TR
4%, 2005,25(7) :104-108.

WEI K, HU CH SH, ZHANG ZH CH. A novel PWM
scheeme to eliminate the diode freewheeling of the
inactive phase in BLDC motor [ J ]. Proceedings of the
CSEE, 2005,25(7) :104-108.

BEXE 2017 AT R U B kAT o
AL, B v R ARl B R A A i AR
BEREFEIT 16 A AL
: E-mail :892673950@ qq.com,
“ Gong Wengian received her B. Sc. degree
from Changsha University in 2017. Now, she is
a M. Sc. candidate in Central South University of Forestry and
Technology. Her main research interest includes motor control.
RBARCHEER) , 23 BITE 1996 4 F
2004 4F ] R R BRAT 2 2 LRI -2
7, 2014 4R F iR R R 2 00, BN
H R AL B RS E R 0% , BT 1A
S A B AL
E-mail ; correspondingemail @ 163.com,

Zhu Junjie ( Corresponding author) received his B. Sc. and
M. Sc. degrees both from Hunan University in 1996 and 2004,
and Ph.D. degree from Central South University in 2014,
respectively. Now, he is an associate professor in Central South
University of Forestry and Technology. His main research interests

include signal processing and motor control.



