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High frequency injection sensor-less motor control method with
cascade of SOGI and SFNF

LI Dongsheng, YUAN Jie, WANG Kundong
(School of Electronic Information and Electrical Engineering, Shanghai Jiao Tong University, Shanghai 200240, China)

Abstract:In order to solve the problem of phase deviation and position estimation error caused by the
simultaneous application of band-pass filter and low-pass filter in traditional high frequency pulsating volt-
age injection, an improved strategy of cascaded second order generalized integrator ( SOGI) and single
frequency notch filter ( SFNF) was proposed for accurate and real-time extraction of position error sig-
nals. The amplitude-frequency characteristics of the position observation closed-loop transfer function
were studied. The frequency selection characteristic of SOGI was used to extract the high-frequency cross-
axis response current, and the second harmonic of the injected signal was filtered by the notch wave prop-
erty of SENF, which replaces the bandpass filter and low pass filter. It has the advantages of both filtering
accuracy and bandwidth. An experimental platform was built to compare the traditional error signal ex-
traction strategy with the proposed strategy. The experimental results show that the speed estimation error
is reduced by 5.9 r/min and the position error is reduced by 0. 11 rad under speed step condition. The
speed estimation error is reduced by 3 r/min and the position error is reduced by 0.08 rad when load is

suddenly applied, and the response time is shortened by 42% , which effectively improves the position
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observation accuracy and the dynamic response performance of the system.

Keywords : high frequency injection; brushless DC motor; sensor-less control; vector control; second-or-

der generalized integrator; notch filter

0 35

UTAER WA T KRR B TE 2 0FT, L
H, 3 H 7R B Bl R Y B K 1 T il L AL Y
PEREAWT S Tt . A d L — R ] H 46 )
K, A YR S R m A B A 3
FERHRT MU WIR Tl B 3h A 55 2 s T R
4t 4 BT, JG) B FL AL ( brushless DC
motor, BLDCM ) £ % FA 3% %2 a1 45 il 75 =X ( field-ori-
ented control, FOC) ,FOC B8 MR 5 il 1 7 77 [n) LK
JIN BRI % S e s TR sh A R, R
AR AR B S e - AR AR AR I
LR R AR A 5O H G A 45 A U 1 S
8, DO N T H BB ) v 2R RRCE i L
FEAR T RGAE S IR RS AR TR e T T
fgeE e BRI, X7 A RS 1 BB H AL
TOA% I e 75 & HER B AR A 21 i F ML A ) 4
A AT T M Z—

TC AN B A% TR 42 ) T o A R A R
TS ) B AG 0 5 - 07 8 1 vkt 36 ke i A5 7R
()7 VA i e F sl B sl 5 R Rl A O A e 1
Tt 2 7 07 A L A T AP A% O I 28 9 v
LS VR 7 R Fi 1 A S BT VA7 SR E/ M S
IR T AR K By IR AE F LIS AT v g e
A BRI ARG I iy T S s s | 15 515 1
PR, o7 Al 5 22 30 O, i3 Sl I 30 4 T
IHEE o Sl TR TC e T i 4 A A 38 A1 IX
[i] AR 3  th 1 T LT B R ) v A A
5, Y R R AR R B A A
PN R — R T R SRR K i R P
AL - o B A N | J 28 R 3k T T Jre 22 [tk
PERIRE A 2L, B TR 15 el A
R I AL

A7 A TR B A H L TG A% Rt 4 i 1 e ) i 2
PRBRE o Dk e A AT DA v A0 F, e P 4 BB A
FE SIS B0 B IR 2ZF S, X — i B
A7 R R 22 RIS A VERE MY OCHE . AR G2 kiR = A3
LRV AR 1 38 U8 % 7% (band pass filter, BPF)
& H it e, gt e 7, R D8 30 2% (low pass fil-

T

ter, LPF) i 8 1 A0 35 007 B R 2205 5 1Y 40 =, (HIX R
AN UEIE AR5 N AAALIG AN 1 2 3 Pl Y XL PA) B A8 LA
R PRI B 2 RO S R ME RS, T EL S 30 T ARG
B AR TR | BRI T UL A B 7 SR
TCIRFE T A S A VERE RN AL B R ERR L, Atk S
WR[ 23 ] LT UM R i o k5 1 iR 22 15 T 3R IO ¥,
P 7 TR RR AR T B i T AR R A R
5 ] LPF 2 BRai8 85 1 AR YO, T BUR
GEFEISHG R SCHR[ 24 ] 2 5L T8 1 2 Ho iy B s
0 i VR HL UL, DT S R 0 g A P ke o (ELRE (7315
TPHIE I SCHR [ 25 ] R 5 e i A S U 5 i e
o TE IS A, S AR PESF , (H Bl E T AR T
H BB AT AT T 1S R

RS T BRI 0 L e A 455 FOC 2B
BLDCM A# s TC 7 AL a5 1, A G iR 25 45
SHEBURME AL | $2 ) — R G — [ SCRRU 3
('second-order generalized integrator, SOGI) IREER
I #% (single frequency notch filter, SENF) [ it i U 12
FEA PR IR | e 7 UL B4 11 2 245 1 g A4k
TERGRE , iR AR 48 5 1 iR 2205 5 B O 5 IR A
AR ANy 2 e 17 0 1) ) L, $i v Ik e v 490 HL A
RVERE , R ZOE A I S | SR G R TEA
AT S HOXS SR IAS SR 5 A AT AT
1 ZTRIERBYHIRSNEEE

NiE

SET WA UL H A 9 L 6 7 5
EITR . A ST SE R B AL R 6 e 3R =X Bl =
FHTCR B AL P, 75 ELA 7 1) VR — S SE 5K
FEAF 5 LA W B R AR FR ™ AR P RORE , DA AZ il 2 H
W 17 P, 2280t £ 5 o e 39 S5 L S RS R A
T ST S 7 BE ST FOC B AR BRAE et

AKHETCRI LI d — q [F) 20 BEfe A bR R LAY
JETTARA «

(1)

L
q .
q E + weLde + wezﬂfo

AP wyw, 28508 d g Bl iy, 0 d g Bl

u, = Ri, +1L



26 CR S T =

%28 &

Ty ROAETFHBE; Ly L, 500108 d g B o,
T IR A ;o Ry ALK R AR B

________

| Ueooy | @EEBEA g,
i =0 | Uy 3+ ) l—h_l
- PR A I L B SVPW—.—’_®_
et = EDNI RN
n é
i i i
Yo d i i
LPF AN LT AN
S BELEASESAE
I~

| 1

| [mm] S0 [ i

L

| I
I

1 ETFHIRSMEETANN BLDCM T & & 5%
EH RS
Fig.1 Structure of BLDCM sensor-less control system

using high frequency pulsating voltage injection
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Fig.2 Flow diagram of position error signal extraction
by BPF and LPF
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Fig.14 Experiment results of position error under load

torque change circumstance based on two

strategies
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