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Abstract: To improve the brushless DC motor without position sensor control system, a new adaptive sliding mode
observer was put forward to estimate rotor position and rotating speed, in which, a new type of switching function
instead of traditional symbol function was constructed , a smooth line back EMF waveform measurement was obtained
without low pass filter and phase compensation module, and then the rotor position was gotten. Based on Lyapunov
stability theory, model reference adaptive algorithm was designed to estimate speed, and not affected by the switching
ripple. Simulation and experiment results show that proposed method can accurately estimate the rotor position and
speed, effectively restrain the torque ripple ;improve the stability, rapidity and robustness of the whole system.
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Fig.1 Equivalent circuit diagram of brushless DC motor system
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Fig.2  New type of saturated function curve shape
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Fig.3 New type of SMO oberver system block diagram
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Fig.5 Block diagram of sensorless BLDCM control system
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Fig.6 Two kinds of SMO's actual and estimated value of e,
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Fig.8 Speed waveforms of traditional EMF method

2500 350,
= 2000p f————————— g 3007
E 1500 / £ 200} |
L 1000 L
T s00f 3 100

0

0

05 1 1.5 2 25 3
1ls )
(b)n=300 r/min

0.1 02 03 04 05 0.6
t/s
(a)n=2 000 r/min

PO SEFHIS Y 0 R
Fig9 Speed waveforms based on MARS method

K10 25 1 T LSS 38 = 300 t/min, 71 3% 5%

JET=3N-miE0LF, 78 0.5 s B 3 R4 R

6 N -m B okl B AL s . T LA Y

0.5 sEF AR, i 2947 0.02 s 195N, Z 5

MLRTLALASR e G 2T 7o T Hh (R Ty A Sk

JChi) B AL ] R G B AT AR A i e
< 50

05703 05707 09

FE10 SRS AR TR B AL A LS R
Fig.10  Motor speed waveform of BLDC in load mutation

5 %

ARSCHRE T — I T 2 3 7 AL
P T i T L TG 7 B A S 4 o A ik
WL AR AR T o, 5 TR B AR
SR B P AL 25 T LATHEBA b WU 2k iz H s 3
IRKRFEIE EHISS T #HR; S A TS % A

10

JOE 5 304 ) i AN 2 DI SU AR 5 5 A4
/%,LE.F‘@ E4F , TR AL T O AT SR AT L
FEIs T , i DU AT E S e T

Sk

[1] ShiTN,Guo YT, Song P, et al. A New Approach of Minimiz-
ing Commutation Torque Ripple for Brushless DC Motor
Based on DC-DC Converter[ J ]. IEEE Transaction on Industri-
al Electronics,2010,57(10) : 3483-3490.

(2] ERse. ol Eimip s Rge M. st B, 2009.

(3] WPIEAT, JEsKIm, ffE . —FhT oo o] i AL L sl
MI7H:) ], L, 2015,48(2) : 54-60.

(4] k&R BB, Wi, 25 . —FhoBas iy JC il B i HILJC AL
BRI RS ] B THARSR,2016,21(10) :26-43.

[5] Bolognani S, Oboe R, Ziglitto M. Sensorless Full-digital PMSM
Drive with EKF Estimation of Speed and Rotor Position []].
IEEE Trans. on Ind. Electro.,1999,46(1):184-191.

(61 YD BT e RSV 753 9 JCh) B A AL G A I 4 il
Srkvat S0 BT, 2015(17):31-33.

[7] Lin Qinghua. A Novel Position Detection Method of Sensorless
Brushless DC Motor Based on Sliding Mode Observer [cly
2011 4th International Conference on Power Electronics Sys-
tems and Application(PESA). Hongkong: IEEE,2011.

[8] ShaoJ W,Nolan D, Teissier M, et al. A Novel Microcontroller-
based Sensorless Brushless DC (BLDC) Motor Drive for Auto-
motive Fuel Pumps[J]. IEEE Transaction on Industry Appli-
cations,2003,39(6) : 1734-1740.

(9] AR, 2. JE T W BOULIN 2 9 .22 4 Z2 AR JC Rl R ri AL
Tl BRI RI L) ] TR, 2012,27(7) : 71-77.

[10] Zhang Dezhi, Zhang Shaobo. Application of CORDIC in Ca-
pacitive Rotary Encoder Signal Demodulation [ C]/2012 the
8th IEEE International Symposium on Instrumentation and
Control Technology. London: IEEE,2012:61-65.

[11] Fakham H, Djemai M, Busawon K. Design and Practical Im-
plementation of a Back-EMF Sliding-mode Observer for a
BLDC[J]. IET Electric Power Applications,2008 ,2(6):9-12.

C12] Sk e, 26 )28, 45 . JCH) B3 F LS v 35 | 3 B
BT ], b AL TR, 2011, 31(21) £ 142-149.

(13] sofsHl, SHARAR, 0k, 45 . BT e ROl 5% i Jc kil
BT AL EAR ] KRR M (A AR 25 T
FRHEARML) ,2014,47(8) :697-702.

[14] ZRf3 ROLHT ARGUE . BT RSB 3 i Kk fE ) A 3l
B Ee Az sl ) ). i R4, 2012,27(3) :80-85.

(15 FHMESR XA, R FRGK , 55 . BT BOHE s SOOI % i K i [7)
LG A B UE R B kL)) A H ek iR
2015,35(8):95-102.

[16] Wokh, B2, SEVCR . FET 38 L VARSI 15 14 7 s T 4
HIATLICNL B A an s R FIE L) 1. o L TR 2441, 2007,
27(3):23-27.

WA H 1 2017-11-21
&2 A 3 :2017-12-22



